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Gliome – Molekulare Marker/Gliomas – Molecular markers 

V001 

 
Expressionsrate von Ubiquitin C-Terminal Hydrolase L1 in Tumoren des zentralen Nervensystems korreliert mit 
der Anzahl an Neuronen im Tumorgewebe 
Expression level of Ubiquitin C-terminal hydrolase L1 in tumours of the central nervous system correlates with the 
amount of present neurons 

S. Kuhl1, R. Goldbrunner1, M. Timmer2 

1Universitätsklinikum Köln, Klinik für Neurochirurgie, Köln, Deutschland 
2Universitätsklinikum Köln, Klinik für Neurochirurgie, Köln, Deutschland 

Objective 

UCHL1 is a neuron specific deubiquitinating enzyme, which recycles Ubiquitin, a small molecule regulating 
protein degradation by the Ubiquitin Proteasome System. Mutations in UCHL1 are associated with 
neurodegenerative diseases caused by protein accumulation. In tumours expression of UCHL1is both, up-
regulated in several cancer types like adenocarcinoma or breast cancer or down-regulated like melanoma or 
colorectal cancer. In meningioma, decreased UCHL1 expression correlates with higher malignancy and increased 
promotor methylation. In previous investigations, we showed a significant downregulation of UCHL1 in glioma 
and meningioma. Since UCHL1 is neuron specific, we now wanted to examine if lower expression is due to the 
amount of neurons or promoter methylation. 

Methods 

Tumour was obtained during neurosurgery and shock frozen in liquid nitrogen. Regarding WHO classification, 
meningioma grade I, II and III and glioma grade II and III, secondary- (sGBM) and primary glioblastoma (pGBM) 
before and after recurrence were grouped. Transcription rate was quantified using real-time qPCR and protein 
level using western blot. For co-staining of UCHL1 and neurons, same samples as for quantification were used. 
Cryo slices were cut 10µm thick and fixed with 4% PFA. Primary UCHL1 antibody was visualized with an alexa-
flour-488 conjugated secondary antibody. Visualizing of neurons was done with specific Tubulin-ß-III and alexa-
flour-555 conjugated secondary antibody. Images were taken with a Zeiss Apotome microscope at 20x 
magnification. Methylation status was checked with a kit and primer designed by Qiagen. 

Results 

Transcription of UCHL1 is significantly decreased in meningioma (p<0.0001) and glioma (p=0.0004) compared to 
peritumoral tissue. Western Blot confirmed PCR results with a downregulation in meningioma (p<0.0001) and 
glioma (p<0.0001) compared to control tissue. Co-staining showed a correlation between expression level of 
UCHL1 in brain tumour and the amount of present neurons in tumour tissue. 

Conclusion 

UCHL1 is significantly downregulated in meningioma and glioma compared to peritumoral tissue. Since UCHL1 is 
neuron specific, we co-stained UCHL1 and another neuron specific marker to determine if expression of UCHL1 
is related to presence of neurons. Indeed, the expression level of UCHL1 seems to correlate with the amount of 
neurons present in tumour tissue. 
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Protoporphyrin IX im Serum von Glioblastom Patienten nach Administration von 5-ALA – ein potentieller 
Biomarker? 
Protoporphyrin IX in serum of glioblastoma patients after 5-ALA administration – a potential biomarker? 

A. Walke1,2, C. Krone1, S. Hellwig1, M. Müther1, W. Stummer1, S. König2, E. Suero-Molina1 

1Universitätsklinikum Münster, Klinik für Neurochirurgie, Münster, Deutschland 
2Core Unit Proteomics, Interdisciplinary Center for Clinical Research, Münster, Deutschland 

Objective 

5-Aminolevulinic acid (5-ALA)-mediated fluorescence-guided resection (FGR) maximizes tumor resection in high-
grade glioma surgery, improving progression-free survival. Hereby, tumor tissue is identified by the pink color 
resulting from protoporphyrin IX (PPIX), which, induced by 5-ALA, accumulates selectively in malignant glioma 
cells. Tumor cells can produce porphyrins naturally or after administration of their prodrug 5-ALA, which is 
reflected in elevated plasma levels of cancer patients as shown for colorectal adenocarcinoma, bladder and 
prostate cancer. The aim of this work was to evaluate if PPIX could serve as a blood biomarker for the tumor 
burden in glioma patients. 

Methods 

Liquid chromatography coupled to mass spectrometry (LC-MS) was applied for quantification of PPIX in serum. 
PPIX levels in patients with primarily diagnosed glioblastoma undergoing FGR were evaluated. Blood was 
collected from 11 patients before, during and after FGR and from 3 healthy volunteers after 5-ALA 
administration. PPIX was extracted from serum using liquid-liquid extraction followed by an anionic exchange 
and measured with target LC-MS with mesoporphyrin IX as internal standard. The project was approved by the 
local ethics committee. 

Results 

Healthy volunteers exhibited average PPIX serum levels ranging from 16 to 774 pmol/ml after 5-ALA 
administration. In the patient group, the PPIX serum level was 2.4-fold higher and peaked at later time points 
(8.0 h vs. 3.8 h). The time curve of the PPIX level in patients and healthy volunteers was first similar, but started 
spreading around 4.5 h after 5-ALA administration (Fig. 1). Even 48 h after 5-ALA administration the PPIX serum 
levels were third as high in patients than in healthy probands demonstrating a longer elimination time. 

Conclusion 

PPIX serum levels following 5-ALA administration increased both in patients and healthy volunteers, but they 
were higher and peaked later in the former. The time point of the maximal serum PPIX level was in agreement 
with the time of the highest measured fluorescence in glioma tissue (7-8 h after 5-ALA administration). LC-MS-
based analysis is a valuable means of monitoring PPIX ex vivo. Further effort is required to elucidate if PPIX is a 
blood biomarker for the tumor burden in glioma patients. 
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Klinische Herausforderung eines nicht übereinstimmenden Classifier-Ergebnisses bei der DNA-
Methylierungsanalyse für ZNS-Neoplasien 
Challenge and clinical relevance of a non-matching classifier output in genome-wide DNA methylation analysis 
for CNS neoplasms 

R. Drexler1, M. Westphal1, U. Schüller2, M. Mohme1 

1Universitätsklinikum Hamburg-Eppendorf, Klinik und Poliklinik für Neurochirurgie, Hamburg, Deutschland 
2Universitätsklinikum Hamburg-Eppendorf, Institut für Neuropathologie, Hamburg, Deutschland 

Objective 

The molecular classification of CNS tumors has revolutionized our understanding of the biological heterogeneity 
and diversity of tumor subtypes. DNA methylation-based classification of CNS tumors allows to discriminate 
subtypes using a chip-based methylation array. Although this standardized approach can diagnose tumors with 
unmatched specificity, there are still tumors which cannot be classified accordingly, thus complicating the 
definition of the therapeutic regimen. The aim of our study was to gain further insight into these challenging 
cases. 

Methods 

81 patients, who underwent surgery for a tumor of the central nervous system (CNS) were unclassifiable, or had 
a low methylation score (<0.9) using the DNA methylation-based CNS tumor classifier, were included. Genomic 
DNA was analyzed for genome-wide DNA methylation patterns using the Illumina EPIC (850k) array. 

Results 

Overall, 47 patients had a different output using the classifier when compared to their histological diagnosis. Of 
these, 41 patients (87.2%) did not have any diagnosis from the methylation classifier ("no matching methylation 
class"). Surgical and clinicopathological features were balanced in our defined groups and had no impact on the 
confidence score. Cases with non-classifiable tumors had a significantly longer time until a decision for adjuvant 
therapy and these cases were presented more often in tumor boards (p<0.01). Further analyses in 23 
glioblastoma patients revealed comparable results for the OS, but a significantly shorter PS in cases with a low 
confidence score. The application of the newest classifier version enabled the classification in 67.9% and 
resulted in re-classification of the diagnosis in 46.9% of cases. 

Conclusion 

Our study presents unclassifiable cases and the clinical impact on tumor board decision making and time to 
initiation of treatment. Even though DNA methylation profiling significantly contributes to advanced CNS tumor 
diagnostics, clinicians should be aware of a prolonged interval to treatment initiation, especially for highly 
malignant brain tumors. We would recommend to schedule adjuvant treatment as early as possible if surgical 
and histological results are suspicious of malignant/anaplastic disease and adjuvant options are limited in choice 
anyway. Furthermore, recurring tumors in which a previous DNA methylation analysis with a non-matching 
output score is available, should be re-analyzed using the newest classifier version to update the diagnosis for 
treatment decisions. 
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Fig. 1 
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Einfluss von GAP-43 und Aktin Expression auf das Outcome und das Gesamtüberleben bei diffusen und 
anaplastischen Gliomen 
Impact of GAP-43 and actin expression on the outcome and overall survival in diffuse and anaplastic gliomas 

A. Krigers1, M. Demetz1, P. Moser2, J. Kerschbaumer1, K. Brawanski1, C. Thomé1, C. F. Freyschlag1 

1Medizinische Universität Innsbruck, Universitätsklinik für Neurochirurgie, Innsbruck, Österreich 
2Landeskrankenhaus Innsbruck, Institut für Pathologie, Innsbruck, Österreich 

Objective 

Distant intercellular communication in gliomas is based on the expansion of tumor microtubuli (TMs), where 
actin forms cytoskeleton and GAP-43 mediates the axonal conus growth. We aimed to investigate the impact of 
GAP-43 and actin expression on overall survival (OS) as well as crucial epidemiologic, radiological and 
neuropathological prognostic factors. 

Methods 

FFPE tissue of adult patients with diffuse and anaplastic gliomas, who underwent first surgery in our center 
between 2010 and 2019, were selected. GAP-43 and actin expression was analyzed using immunohistochemistry 
and semi-quantitatively ranked. Clinical, neuropathological as well as follow-up-data were gained from the 
institutional neuro-oncological database. 

Results 

118 patients with a median age of 46 years (IqR: 35 – 57) were evaluated. 48 (41%) presented with a diffuse 
glioma and 70 (59%) revealed anaplasia. 96 (82%) cases presented with intermediate or strong GAP-43 
expression and 78 (67%) with no or light actin expression. Tumors with higher expression of GAP-43 (p=0.024, 
HR=1.71/rank) and actin (p<0.001, HR=2.28/rank) showed significantly reduced OS. IDH wildtype glioma 
demonstrated significantly more expression of both proteins: GAP-43 (p=0.009) and actin (p<0.001). The same 
was confirmed for anaplasia (GAP-43 p=0.028, actin p=0.029), higher proliferation rate (GAP-43 p=0.016, actin 
p=0.038), contrast-enhancement in MRI (GAP-43 p=0.023, actin p=0.037) and age (GAP-43 p=0.004, actin 
p<0.001). 

Conclusion 

The intercellular distant communication network in diffuse and anaplastic gliomas formed by actin and GAP-43 is 
associated with a negative impact on overall survival and unfavorable prognostic features. 
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DNA Methylierungsklasse Rezeptor-Tyrosinkinase II (RTK II) ist ein Prädiktor für die Entwicklung von 
tumorassoziierter Epilepsie bei Glioblastom-Patienten 
DNA Methylation subclass Receptor Tyrosine Kinase II (RTK II) is predictive for seizure development in 
glioblastoma patients 

R. Drexler1, F. L. Ricklefs1, K. Wollmann1, A. Eckhardt2, D. H. Heiland3, T. Sauvigny1, U. Schüller2, L. Dührsen1 

1Universitätsklinikum Hamburg-Eppendorf, Klinik und Poliklinik für Neurochirurgie, Hamburg, Deutschland 
2Universitätsklinikum Hamburg-Eppendorf, Institut für Neuropathologie, Hamburg, Deutschland 
3Universitätsklinikum Freiburg, Klinik für Neurochirurgie, Freiburg i. Br., Deutschland 

Objective 

Seizures can present at any time before or after the diagnosis of a glioma. Roughly, 25-30 % of glioblastoma 
(GBM) patients initially present with seizures, and an additional 30 % develop seizures during the course of the 
disease. Early studies failed to show an effect of general administration of anti-epileptic drugs for glioblastoma 
patients, since they were unable to stratify patients into high- or low-risk seizure groups. 

Methods 

112 patients, who underwent surgery for a GBM, were included. Genome-wide DNA methylation profiling was 
performed, before methylation subclasses and copy number changes inferred from methylation data were 
correlated with clinical characteristics. Independently, global gene expression was analyzed in GBM methylation 
subclasses from TCGA datasets (n=68). 

Results 

Receptor tyrosine Kinase (RTK) II GBM showed a significantly higher incidence of seizures than RTK I and 
mesenchymal (MES) GBM (p<0.01). Accordingly, RNA expression datasets revealed an upregulation of genes 
involved in neurotransmitter synapses and vesicle transport in RTK II glioblastomas. In a multivariate analysis, 
temporal location (p=0.01, OR 6.35) and RTK II (p=0.03, OR 5.56) were most predictive for preoperative seizures. 
During postoperative follow-up, only RTK II remained significantly associated with the development of seizures 
(p<0.01, OR 8.23). Consequently, the need for antiepileptic medication and its increase due to treatment failure 
was highly associated with the RTK II methylation subclass (p<0.01). 

Conclusion 

Our study shows a strong correlation of RTK II glioblastomas with preoperative and long-term seizures. These 
results underline the benefit of molecular glioblastoma profiling with important implications for postoperative 
seizure control. 
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Entschlüsselung der Methylierungssignatur von zirkulierender extrazellulärer Vesikel-DNA zur Klassifizierung von 
ZNS-Tumoren 
Deciphering the methylation signature of circulating extracellular vesicle DNA for CNS tumour classification 

F. L. Ricklefs1, T. Ricklefs1, C. Maire1, A. Salviano da Silva1, K. Wollmann1, T. Sauvigny1, L. Dührsen1, U. Schüller2, 
M. Westphal1, K. Lamszus1 

1Universitätsklinikum Hamburg-Eppendorf, Klinik und Poliklinik für Neurochirurgie, Hamburg, Deutschland 
2Universitätsklinikum Hamburg-Eppendorf, Institut für Neuropathologie, Hamburg, Deutschland 

Objective 

Genome-wide methylation profiling has recently been developed into a tool that allows subtype tumor 
classification in central nervous system (CNS) tumors. We previously showed that extracellular vesicle (EV) DNA 
faithfully reflects the tumor methylation class, including information on the IDH mutation and MGMT promoter 
methylation status. Furthermore we showed that circulating plasma EVs are elevated in CNS tumor patients in 
comparison to healthy controls with tumor related protein profiles. In our ongoing work, we investigated, 
whether the methylation signatures of circulating EV DNA as well as cfDNA can be used for liquid biopsy 
approaches for CNS tumor detection and classification. 

Methods 

We isolated DNA from patients suffering from Glioblastoma (GBM), Meningioma (MGN) and cerebral metastases 
(CM) from circulating EVs (n=27), cfDNA (n=27) and tissue DNA (n=90). Patients undergoing epileptic surgery as 
well as aneurysm clipping were used as non-tumorous controls (HD, n= 7). EVs were classified by nanoparticle 
analysis (NTA), immunoblotting, imaging flow cytometry (IFCM) and electron microscopy. 

Results 

Isolated DNA showed higher molecular DNA  in EV DNA in comparison to cfDNA, while HD or tumor patients 
showed not differences in their corresponding DNA size profiles. Next, we performed genome-wide methylation 
profiling by 850k Illumina EPIC array on all DNA analytes and tumor entities. Linear models and empirical Bayes 
methods identified significant differential methylated CPGs (GBM vs. HD, MGN, vs HD, CM vs. HD), that revealed 
tumor specific signatures to detect and discriminate different CNS tumor entities. Visualization of differential 
methylated CPGs by dimension reduction (PCA, t-SNE, Umap) verified tumor specific clusters. cfDNA and EV-DNA 
comparisons each revealed their own differential CPG profile. 

Conclusion 

Our study shows that the methylation signature of circulating EV DNA and cfDNA can be used to separate 
healthy individuals from tumor patients with the goal to augment standard-of-care imaging to improve tumor 
detection, classification and surveillance. 
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Chordome der Schädelbasis: Eine monozentrische Studie zu einem seltenen Krankheitsbild 
Chordoma of the skull base – single-centre experience of a rare disease 

H. Gull1, M. Darkwah Oppong1, O. Gembruch1, A. Santos Saint Romain1, M. Chihi1, R. Jabbarli1, N. Oezkan1, K. H. 
Wrede1, U. Sure1, Y. Ahmadipour1 

1Universitätsklinikum Essen, Klinik für Neurochirurgie und Wirbelsäulenchirurgie, Essen, Deutschland 

Objective 

Chordoma is a rare disease that belongs to the group of malignant bone and soft tissue tumors of sarcomas. It is 
a locally aggressive, osteodestructive, metastasizing tumor with preferred localization in the skull base and 
sacrum. Due to the anatomic localization and infiltration, complete resection is difficult. An optimal treatment 
concept has not been established so far, as chordomas are known to be chemo- and radioresistant if applied in 
regular doses. The aim of this study was to analyze the course of surgically treated chordoma patients. 

Methods 

Our department's medical records of 70 chordoma patients treated from January 1998 to December 2020 were 
analyzed retrospectively regarding demographic, clinical outcome, and molecular characteristics. Univariate and 
multivariate analyses were used. P-value ≤ 0,05 was considered statistically significant. 

Results 

Thirty-eight patients with histologically confirmed chordoma located in the clivus from 9 to 81 years with a mean 
of 53.17 (± 18.55 standard deviation) were included into the final analysis. The male to female ratio was 1.17: 1. 
Gross total resection was achieved in 4 cases. All patients underwent postoperative radiotherapy, consisting of 
protons or carbon-12 irradiation. 11 patients underwent additional chemotherapy and/ or immunotherapy. 
Recurrent local diseases after therapy was observed in 58% (n=22) of the patients, while 39% (n=15) developed 
osseus, pulmonary, intraspinal and intradural metastases. In histopathological examination, a higher Ki67/ MIB-1 
proliferation index was not significantly correlated with an increased rate of tumor recurrence, metastasis, or a 
shorter patients' overall survival (Log Rank p= 0.328, p= 0.224, p= 0,577). In contrast, S-100 level negatively 
correlated with a higher incidence of metastasis (Log Rank p= 0.005). 

Conclusion 

Current guideline-based therapy seems ineffective regarding the management and outcome of patients 
suffering from chordoma. S-100 index reflects malignancy in clival chordomas. Further, multicenter studies are 
urgently needed to unravel this tumor entity to develop new adjuvant therapy modalities. 
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Schädelbasis/Skull base 

V008 

 
Endoskopisch-neurochirurgische Therapie von Zysten der Rathke'schen Tasche 
Endoscopic surgery on Rathke's cleft cysts 

L. Schon1, S. Senger1, J. Oertel1, S. Linsler1 

1Universitätsklinikum des Saarlandes, Klinik für Neurochirurgie, Homburg a. d. Saar, Deutschland 

Objective 

Although Rathke"s cleft cysts (RCCs) are rare and mostly asymptomatic lesions, symptoms when occurring can 
be serious, including visual impairment, headache and hormonal dysfunction. As there is little literature 
concerning surgical treatment of RCCs, the authors present their experience with endoscopic surgery of this 
disease. 

Methods 

In the present study, we included nineteen patients aged 25-86 years being treated surgically on RCCs between 
02/2011 and 06/2018. 14 of these surgeries were performed via mononostril endoscopic approach and 5 
surgeries via transcranial endoscopic-assisted approach. Operation was indicated in case of clinical symptoms or 
progress in size. In order to evaluate complications and outcome, surgical data, endoscopic videos, MRI imaging 
and follow-up data were retrospectively collected. 

Results 

Preoperatively, most frequent symptoms were visual impairment in 10 cases (53%), headache in 7 cases (37%) 
as well as hormonal disturbances in 8 cases (42%). Intraoperatively, in the transcranial cases the cysts were 
fenestrated and partially resected. In the endonasal cases, the cysts were drained in all cases and the diaphragm 
opened in 5/14 cases (36%). Postoperatively, 8/10 patients (80%) with visual impairment reported full recovery, 
1/10 (10%) experienced visual improvement, and 1/10 (10%) did not report any change. Of the 7 patients with 
preoperative headache, 5 patients (71%) reported full recovery, 1 (14%) felt improvement and 1 (14%) did not 
report any change. Newly occurred neurological complications after surgery were 1 case (5%) of bitemporal 
hemianopsia and 1 case (5%) of large-area hypesthesia. Endocrinologically, 4/8 patients (50%) reported full 
recovery, 1/8 patients (13%) reported improvement, and 3/8 patients (38%) showed pituitary insufficiency with 
following long-time hormonal substitution. Pituitary insufficiency also newly occurred in 1/19 patients (5%). In 
all, 14/19 patients (74%) showed an intact pituitary function. In 2/19 cases (11%) a CSF fistula had to be 
reoperated. 

Conclusion 

Considering the high percentages of full recovery of most symptoms and the low intra- and postoperative 
complication rates, endoscopic surgical treatment of symptomatic Rathke"s cleft cysts is safe. Which approach 
should be favored should be the focus in further evaluations. 
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Schädelbasis/Skull base 

V009 

 
Änderung des operativen Vorgehens führt zu einer Verbesserung von visuell evozierten Potentialen (VEP) bei 
Operationen von Tumoren der Sehbahn 
Change in operative management leads to an improvement of visually evoked potentials (VEPs) in surgery of 
brain tumours involving the visual pathway 

B. Suchorska1, A. Salem1, D. Heinkel1, K. Blaeser1, M. Scholz1 

1Sana Kliniken Duisburg, Neurochirurgie, Duisburg, Deutschland 

Objective 

The aim of the study was to investigate whether a change in perioperative visually evoked potentials (VEPs) 
correlates with the postoperative visual acuity in patients undergoing brain tumor surgery and whether a change 
in operative strategy/perioperative management can influence outcome. 

Methods 

Data from 120 patients undergoing surgery for brain tumors involving the visual pathway at our department 
between 2017 and 2019 in whom intraoperative VEPs were recorded, were analyzed retrospectively. Visual 
acuity was assessed pre- and postoperatively. Changes in VEP amplitude of <20% were considered to be 
significant. The reaction of the surgical team to the changes was obtained (including adjustment of surgical 
strategy, application of intravenous nimodipine, and modification of blood pressure). 

Results 

Stable and reproducible VEPs could be obtained in 86.7 % of all patients. A deterioration occurred in 12.5% of all 
cases (15 patients). A VEP deterioration correlated with a post-operative worsening of visual acuity in 5/15 
patients. In the remaining 10 patients, a change in surgical strategy or/and rheological parameters resulted in an 
improvement of the VEP signal. In 8/10 patients, visual acuity remained stable compared to baseline findings, in 
2/10 patients, eyesight improved. 

Conclusion 

VEP monitoring in tumors affecting the visual pathway has become an indispensable tool in modern 
neurosurgery. While intraoperative deterioration of the VEP signal is often correlated with a postoperative 
worsening in visual acuity, it is not necessarily irreversible. A timely change of surgical strategy as well as 
improvement of perioperative parameters such as blood pressure and rheology might positively affect 
postoperative outcome. 
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Schädelbasis/Skull base 

V010 

 
Der retrosigmoidale Zugang Komplikationen, technische Besonderheiten und Überlegungen in einer großen 
Serie von 540 Zugängen 
The retrosigmoid approach – complications, surgical obstacles and considerations in a large series of 540 
procedures  

A. K. Aftahy1, A. K. Joerger1, S. Hillebrand1, M. Barz1, C. Negwer1, B. Meyer1, J. Gempt1, B. Wiestler2, F. Harder3 

1Klinikum rechts der Isar der TU München, Klinik und Poliklinik für Neurochirurgie, München, Deutschland 
2Klinikum rechts der Isar der TU München, Neuroradiologie, München, Deutschland 
3Klinikum rechts der Isar der TU München, Radiologie, München, Deutschland 

Objective 

Exposure of the posterior skull base and the cerebello-pontine angle is challenging due to strategic structures. 
The retrosigmoid approach (RSA) has turned out to be the workhorse approach for it. We report our experiences 
with RSAs. 

Methods 

We performed a retrospective chart review at a tertiary neurosurgical center between January 2007 and 
September 2020. We included all patients undergoing surgery through RSAs concentrating on surgical 
technique, postoperative outcome and complications. 

Results 

540 RSAs were included: 15 (2.8%) epidermoid cysts, 9 (1.7%) hemangioblastomas, 9 (1.7%) cases of facial 
hemispasm, 71 (13.1%) cases of trigeminal neuralgia, 157 (29.1%) meningiomas, 49 (9.1%) metastases, 14 (2.6%) 
non-vestibular schwannomas, 180 (33.3%) vestibular schwannomas and 36 (6.7%) other separate pathologies. 
Median age was 59 years; 204 (37.8%) male and 336 (62.2%) female. Median approach surface was 7.7 cm2 with 
355 (66.1%) osteoclastic and 182 (33.9%) osteoplastic craniotomies. Median tumor volume was 5.8 cm3. Gross 
total resection rate (+ Simpson I/II) was achieved in 339/450 (75.3%) cases. Postoperative complication rate was 
25,3% (N =122). Tumor volume had a significant impact on postop. complications (P = 0.045), but did not sign. 
affect occurrence (P= 0,072) and number of postop. new deficits (P = 0.135). Tumor volume led to more 
extended craniotomies (P = 0,009). Extent of approach had a sign. impact on complications (P=0,049). No sign. 
correlation between craniotomy technique (osteoplastic/-clastic) and complications was found (P = 0,187) Extent 
of approach had no sign. impact on extent of resection (GTR/Simpson) (P = 0,155/0,275). Complications (P = 
0,004), in particular hemorrhage (P = 0,019), CSF leaks (P=0,026) and hydrocephalus (P = 0,050) had sign. 
correlations with postop. new deficits. 

Conclusion 

The RSA has to be performed with respect, approach-related complications and morbidity are not to be 
neglected. Tumor size should not lead to bigger approaches at any cost, as postoperative complications may 
increase; individually tailored approaches are essential to obtain best possible postoperative outcome. 
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Schädelbasis/Skull base 

J-HSNC01 

 
Vergleich zwischen Kawase's und retrosigmoidaler intraduraler suprameataler Zugang (RISA) für Lesionen der 
petroklivalen Region mittels computertomographische quantitative volumetrische Analyse. Eine kadaverische 
Studie 
Direct comparison between the Kawase's approach and the retrosigmoid intradural suprameatal (RISA) corridor 
to access the petroclival region using CT quantitative volumetric analysis – a cadaveric study 

P. Stavrinou1,2,3,4, G. Stranjalis2,3, E. Drosos2,3, S. Komaitis2,3, R. Goldbrunner4, C. Koutsarnakis2,3 

1Metropolitan Hospital Athens, Department of Neurosurgery, Athens, Griechenland 
2Athens Microneurosurgery Laboratory, Evangelismos Hospital, Athens, Athens, Griechenland 
3Evangelismos Hospital, National and Kapodistrian University of Athens, Department of Neurosurgery, Athens, Griechenland 
4Universitätsklinikum Köln, Zentrum für Neurochirurgie, Köln, Deutschland 

Objective 

The anterior petrosectomy, also known as Kawase"s approach and the retrosigmoid intradural suprameatal 
approach (RISA) have both been used to reduce the petrous apex and to access the petroclival region. Our goal 
was to compare the volumes and 3-dimensional shapes of bony resection obtained through each approach, 
while trying to resemble realistic surgical settings. 

Methods 

Five cadaveric specimens totaling 10 sides were dissected and analyzed. In every specimen, one side was used 
for the Kawase"s approach while the opposite side for the RISA. Petrosectomy volumes were assessed by 
comparing pre- and postoperative thin-sliced computed tomography scans. We also present two illustrative 
cases that highlight each approach. 

Results 

Petrosectomy volumes were significantly larger through the Kawase approach than through the RISA (0.82 ± 
0,11 vs 0.49 ± 0.07 cm3, p<0.001). In addition, surgical maneuverability and freedom were greater in the 
Kawase"s operative variant. Lastly, the morphology of the bony window achieved through each approach was 
clearly different: trapezoid for the anterior petrosectomy vs elongated ellipsoid for the RISA. 

Conclusion 

The Kawase"s approach invariably results in larger volumes of bony removal than the RISA operative variant and 
the volume of petrosectomy that is spatially congruent is only partially identical. Kawase"s corridor is best suited 
for middle fossa lesions that extend into the posterior fossa while the RISA is suitable for pathologies mainly 
residing in the posterior fossa and extend into Meckel"s cave 
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Schädelbasis/Skull base 

V011 

 
Radiochirurgie bei Scnädelbasis Meningiomen – Ergebnisse aus über 3500 Fällen – Aktualisierung einer 
vergleichenden Analyse mit anatomischen Nuancen 
Radiosurgery for skull base meningiomas – outcomes from over 3500 cases – update a comparative analysis with 
anatomical nuances 

A. Santacroce1, M. Nakamura2, T. Fortmann1, C. Ewelt1 

1St. Barbara-Klinik Hamm-Hessen, Neurochirurgie, Hamm, Deutschland 
2Krankenhaus Köln-Merheim, Klinikum der Universität Witten/Herdecke, Klinik für Neurochirurgie, Köln, Deutschland 

Objective 

Skull base Meningiomas are the most frequent benign tumours treated with Gamma Knife Radiosurgery (GKRS). 
However, the assessment of its efficacy and safety in slow growing tumours is an ongoing process, requiring 
analysis of long-term results. This study involves the experience of several European Gamma Knife Centres. We 
report on the efficacy of GKRS for the treatment of skull base Meningiomas, clinical and radiological control and 
side effects 

Methods 

From 15 participating centers, we performed a retrospective observational analysis of a cohort of 3752 benign 
meningiomas treated with GKRS. All were treated with Gamma Knife radiosurgery at least 5 years before 
assessment for this study. Clinical and imaging data were retrieved from each center and uniformly entered into 
a database by 1 author (A.S.). A statistical analysis is presented. 

Results 

3451 patients harbouring 3752 meningiomas treated in fifteen institutions recruited were evaluated. The 
median age was 56 years (range 6 - 89 years). The median tumour volume was 5.20 ccm (range 0.5 - 85 ccm) and 
tumour margin dose to the 50 % isodose line 13.5 Gy (range 3 - 45 Gy). The median radiological follow-up was 61 
months, but detailed results were only available for 3259 meningiomas (86.8 %). The volume of treated tumours 
decreased in 1753 lesions (54 %) did not change in 1305 lesions (40 %) and increased in 200 lesions (6 %). The 
temporary morbidity rate after GKRS was 5.3 % and the permanent morbidity rate was 5.6 %. The actuarial 
control rate was 97.9 % at 5 years post GKRS. 

Conclusion 

GKRS is a safe and not invasive method of treatment of skull base meningiomas and the large number analysed 
confirms a high tumour control and low morbidity rate even after a long-term follow-up period. 
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Kavernome und AV-Malformationen/Cavernoma and AVMs 

V012 

 
Multiple zerebrale kavernöse Malformationen – Klinischer Verlauf von bestätigten, vermuteten und nicht-
familiären Erkrankungen 
Multiple cerebral cavernous malformations – clinical course of confirmed, assumed and non-familial disease 

A. N. Santos1, L. Rauschenbach1, D. Saban1, B. Chen1, M. Darkwah Oppong1, A. Lenkeit1, H. Gull1, C. Rieß1, R. 
Jabbarli1, K. H. Wrede1, Y. Zhu1, U. Sure1, P. Dammann1 

1Universitätsklinikum Essen, Klinik für Neurochirurgie und Wirbelsäulenchirurgie, Essen, Deutschland 

Objective 

Analyze and compare the natural course of confirmed, assumed and non-familial multiple cerebral cavernous 
malformation (CCM) disease over a 5-year period. 

Methods 

Our institutional database was screened for patients with CCM admitted between 2003 and 2020. Patients with 
complete magnetic resonance imaging dataset, evidence of multiple CCM, clinical baseline characteristics, and 
follow-up examination were included. Surgically treated individuals were censored after CCM removal. Patients 
were separated into confirmed familial cases, assumed familial cases or non-familial cases of CCM. Kaplan–Meier 
and Cox regression analyses were performed to determine the cumulative 5-year risk for hemorrhage and 
recurrent hemorrhage. 

Results 

238 patients with multiple CCM were analyzed. 90 individuals had a confirmed FCCM disease, 115 an assumed 
FCCM, and 33 were allocated to the non-FCCM group. Univariate Cox regression analysis identified intracerebral 
hemorrhage (ICH) as mode of presentation (P=0.001; HR, 4.66; 95% CI, 1.80-12.03) as a predictor for occurrence 
of recurrent hemorrhage during the 5-year follow-up (FU). The cumulative 5-year risk of (re)bleeding was 21.6% 
for the entire cohort, 30.7% for patients with ICH at diagnosis, 22.1% for those patients with a confirmed 
diagnosis of FCCM, 23.5% for those with an assumed FCCM, and 21% for the non-FCCM cases. 

Conclusion 

FCCM patients with ICH at diagnosis are prone to develop rebleeding. During untreated 5-year FU, FCCM 
patients and patients with sporadic multiple CCM reveal an almost equal susceptibility for (re)hemorrhage. 
Moreover, confirmed, assumed and non-FCCM patients showed an equal cumulative 5-year risk of symptomatic 
ICH. The probability of hemorrhage tends to increase over time, particularly in cases with ICH at presentation. 

 
 



 

17 

 

Kavernome und AV-Malformationen/Cavernoma and AVMs 

V013 

 
Einfluss von Medikamenteneinnahme auf das Blutungsrisiko bei Patienten mit sporadischen zerebralen 
Kavernomen 
Effects of medication intake on the risk of haemorrhage in patients with sporadic cerebral cavernous 
malformations 

B. Chen1, A. Santos Saint Romain1, A. Lenkeit1, L. Rauschenbach1, R. Jabbarli1, K. H. Wrede1, U. Sure1, P. 
Dammann1 

1Universitätsklinikum Essen, Klinik für Neurochirurgie und Wirbelsäulenchirurgie, Essen, Deutschland 

Objective 

Recurrent intracerebral haemorrhage (ICH) poses a high risk for patients with cerebral cavernous malformations 
(CCMs). This study aimed to assess the influence of medication intake on haemorrhage risk in sporadic CCMs. 

Methods 

From a database of 1409 consecutive CCM patients (2003-2021), subjects with sporadic CCMs and complete 
magnetic resonance imaging data were included. We evaluated the presence of ICH as mode of presentation, 
occurrence of ICH during follow-up, and medication intake, including beta blockers, statins, antithrombotic 
therapy, and thyroid hormones. The impact of medication intake on ICH at presentation was calculated using 
univariate and multivariate logistic regression with age- and sex- adjustment. The longitudinal cumulative 5-year 
risk for (re-)haemorrhage was analysed using Kaplan– Meier curves and Cox regression. 

Results 

A total of 1116 CCM patients were included. Logistic regression analysis (Table 1) showed a significant 
correlation (OR: 0.520, 95% CI: 0.284-0.951, p = 0.034) between antithrombotic therapy and ICH as mode of 
presentation. Cox regression analysis (Table 2) revealed no significant correlation between medication intake 
and occurrence of (re-)haemorrhage (hazard ratios: beta blockers 1.270 [95% CI: 0.703-2.293], statins 0.543 
[95% CI: 0.194-1.526], antithrombotic therapy 0.507 [95% CI: 0.182-1.410], and thyroid hormones 0.834 [95% CI: 
0.378-1.839]). 

Conclusion 

In this observational study, antithrombotic treatment was associated with a lower rate of ICH as mode of 
presentation in a large cohort of sporadic CCM patients. Intake of beta blockers, statins, and thyroid hormones 
had no effect on haemorrhage as mode of presentation. During the 5-year follow-up period, none of the drugs 
affected the further risk of (re-)haemorrhage. 
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Kavernome und AV-Malformationen/Cavernoma and AVMs 

V014 

 
Klinischer Verlauf intrazerebraler kavernöser Malformationen: eine 5-Jahres monozentrische Studie 
Clinical course of cerebral cavernous malformation – a five-year single centre study 

P. Lenga1, J. Walter1, M. Grutza1, M. Scherer1, A. W. Unterberg1 

1Universitätsklinikum Heidelberg, Neurochirurgische Klinik, Heidelberg, Deutschland 

Objective 

Cavernous malformations (CMs) are low-flow vascular lesions of the brain with an incidence between 0.4 and 
0.9%. Depending on their location and the extent of the hemorrhage, CMs present incidentally, with epileptic 
seizures or with neurological deficits. However, robust evidence on their natural course especially in case of a 
concomitant hemorrhage is still lacking. Therefore, our study aims to describe the clinical course of patients with 
CMs and assess possible risk factors which might serve as surrogate for the presence of a hemorrhage. 

Methods 

This retrospective study included cases with radiologically confirmed CMs, who were diagnosed between 2015 
and 2020. Data regarding baseline characteristics and the treatment approach (conservative vs. surgical 
resection) were collected. A logistic regression model was performed to examine risk factors such as age, sex, 
location, multiplicity and developed venous anomaly (DVA) for the occurrence of hemorrhage. 

Results 

A total of 277 cases with a mean age of 43.2 years (SD 10.7) were included. 192 were treated conservatively, 
whereas 85 were converted to a microsurgical resection of the CM. The occurrence of an epileptic seizure and of 
gait disturbance was significantly more prevalent among the surgical cohort (30.6%; 14.1%) compared to the 
conservative one (12.9%; 4.7%; p<0.001). No significant differences were found between the groups concerning 
neurological deficits, the location, or the multiplicity. While almost all surgically treated cases suffered from prior 
hemorrhage, signs of a prior hemorrhage were still found in half of conservatively treated cases (94.1% vs. 
55.7%, p<0.001). Reasons for conservative management were significantly fewer seizures and absence of 
symptoms in infratentorial CMs compared to surgically treated cases with prior hemorrhage (p<0.05). Above all, 
infratentorial location was a unique risk factor for experiencing hemorrhage (OR 1.9; 95% 1.0-3.6, p=0.04), while 
age, sex, DVA and multiplicity were not. 

Conclusion 

Our findings suggest that an infratentorial location, the occurrence of an epileptic seizure and cerebellar 
symptoms might serve as critical pillars for neurosurgical decision making. Closer evaluation of imaging 
surrogates for hemorrhage risk and their implications on surgical decision making in CMs should be pursued to 
improve comprehensive management in the future. 
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Kavernome und AV-Malformationen/Cavernoma and AVMs 

V015 

 
Weibliche Hormontherapie und Risiko einer intrakraniellen Blutung aus zerebralen kavernösen Malformationen: 
eine multizentrische Beobachtungskohortenstudie 
Female hormone therapy and risk of intracranial haemorrhage from cerebral cavernous malformations – a 
multicentre observational cohort study 

A. N. Santos1, S. Zuurbier1,2, K. Flemming1,2,3, M. Caan1,2,3,4, G. Rinkel1,2,3,4, Y. Roos1,2,3,4, U. Sure1, G. Lanzino1,5, P. 
Dammann1 

1Universitätsklinikum Essen, Klinik für Neurochirurgie und Wirbelsäulenchirurgie, Essen, Deutschland 
2Amsterdam University Medical Center, Amsterdam, Deutschland 
3Mayo Clinic, Neurology, Rochester, NY, Vereinigte Staaten 
4Amsterdam University Medical Center, Amsterdam, Niederlande 
5Mayo Clinic, Department of Neurosurgery, Rochester, NY, Vereinigte Staaten 

Objective 

Female hormone therapy (oral contraception in women of reproductive age and hormone replacement therapy 
in postmenopausal women) are not withheld from patients with cerebral cavernous malformations, although the 
effects of these drugs on the risk of intracranial haemorrhage are unknown. 

Methods 

This multicentre observational cohort study included consecutive patients with a cerebral cavernous 
malformation. We compared the association between use of female hormone therapy and the occurrence of 
intracranial haemorrhage due to the cerebral cavernous malformation during up to 5 years of prospective 
follow-up in multivariable Cox proportional hazards regression. We searched OVID MEDLINE and EMBASE from 
inception to November 2, 2021 to identify comparative studies to calculate the intracranial haemorrhage 
incidence rate ratio according to female hormone 

Results 

Of 722 women, aged 10 years or older at time of cerebral cavernous malformation diagnosis, 137 used female 
hormone therapy. Female hormone therapy use was associated with an increased risk of subsequent intracranial 
haemorrhage (46/137 [33·6%] versus 91/585 [15·6%], adjusted hazard ratio 1·58, 95% CI 1·10 to 2·27; p=0·012). 
Use of oral contraceptives in women aged 10-44 years was associated with a higher risk of subsequent 
intracranial haemorrhage (adjusted hazard ratio 2·05, 95% CI 1·29-3·26; p=0·002). Our systematic literature 
search showed no studies reporting on the effect of female hormone therapy on the risk of intracranial 
haemorrhage during follow-up. 

Conclusion 

Female hormone therapy use is associated with a higher risk of intracranial haemorrhage from cerebral 
cavernous malformations. These findings raise questions about the safety of female hormone therapy in clinical 
practice. Further studies evaluating the delivery, dose, and duration of hormone therapy as well as other clinical 
factors raising risk of thrombosis may be useful to determine which patients may be most susceptible to 
intracranial haemorrhage. 
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Kavernome und AV-Malformationen/Cavernoma and AVMs 

V016 

 
Mangelnde Yes – associated protein 1 (YAP) Expression in cerebralen arteriovenösen Malformationen: Einfluss 
auf die Angioarchitektur und Therapie 
Deficiency of Yes – associated protein 1 (YAP) expression in brain arteriovenous malformations – impact on the 
angioarchitecture and therapy 

M. A. Karimpour1, B. Neyazi1, K. P. Stein1, K. Hartmann1, C. Mawrin2, C. A. Dumitru1, I. E. Sandalcioglu1 

1Universitätsklinikum Magdeburg, Klinik für Neurochirurgie, Magdeburg, Deutschland 
2Universitätsklinikum Magdeburg, Institut für Neuropathologie, Magdeburg, Deutschland 

Objective 

Brain arteriovenous malformations (bAVM) are rare vascular lesions and as such a recurring cause of 
intracerebral hemorrhage in young patients. The underlying cellular and molecular mechanisms associated with 
the pathogenesis of bAVM are still unknown. Yap acts not only as a mechanotransducer, as its role in 
developmental angiogenesis is critical. Targeted loss of YAP at early postnatal days showed less vascular density 
with tortuous and enlarged capillaries and numerous microaneurysm formations at the vascular branching 
region in the brains of mice. The phenotype in these mice resembles the phenotype of human bAVM. The role of 
YAP in the pathophysiology of bAVM is currently unknown. In our study, we assessed the expression of YAP in 
bAVM vessels compared to control vessels as well as its expression in relation to different clinical parameters. 

Methods 

The protein expression of YAP, Connective tissue growth factor (CTGF), Cysteine-rich angiogenic inducer 61 
(CYR61), Hypoxia-inducible Factor - 1α (HIF-1α) and Fibroblast Growth Factor Receptor 1 (FGFR1) expression was 
analysed by immunohistochemistry on 130 paraffin-embedded AVM sections. Healthy cerebral vessels of 17 
specimens were used as control group. 

Results 

The levels of YAP (p = < 0.001) and its downstream targets CTGF (p = < 0.001) and CYR61 (p = < 0.001) were 
significantly higher in the control vessels than in vessels of bAVM. In bAVM patients treated with embolization 
prior to surgery (n = 20), the expression levels of YAP (p = 0.05), CTGF (p = < 0.001) and CYR61 (p = < 0.001) were 
significantly higher than in patients who did not undergo previous endovascular treatment (n = 110). 
Additionally, we analyzed the expression of HIF-1α and FGFR1 as possible upstream factors inducing YAP in 
embolized bAVM. Both HIF-1α (p = < 0.001) and FGFR1 (p = 0,024) were significantly upregulated in embolized 
bAVM specimens. 

Conclusion 

This study reports for the first time the expression of YAP, CTGF and CYR61 in bAVM and suggests a potential 
role in bAVM pathophysiology. Decreased activation of YAP during developmental angiogenesis due to upstream 
factors may lead to the pathogenesis of bAVM. Additionally, our findings suggest that incomplete embolization 
induce the expression of these pro-angiogenic factors. Further studies have to evaluate the effects of these 
changes in the microenvironment of bAVM. 
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Kavernome und AV-Malformationen/Cavernoma and AVMs 

V017 

 
Propanolol als mögliche Behandlung für arteriovenöse Malformationen: Aus dem Forschungslabor ans 
Krankenbett 
Propranolol as a potentially novel treatment of arteriovenous malformations – from bench to bedside 

S. Kashefiolasl1, M. Leisegang2, S. König1, R. Patel3, P. Kan3, C. Foerch4, R. Du Mesnil5, V. Seifert1, R. Brandes2, V. 
Prinz1, M. Czabanka1, J. K. Burkhardt3, J. Konczalla1 

1Universitätsklinikum Frankfurt, Klinik für Neurochirurgie, Frankfurt a. M., Deutschland 
2Universitätsklinikum Frankfurt, Kardiovaskuläre Physiologie, Frankfurt a. M., Deutschland 
3Baylor College of Medicine, Department of Neurosurgery, Houston, TX, Vereinigte Staaten 
4Universitätsklinikum Frankfurt, Neurologie, Frankfurt a. M., Deutschland 
5Universitätsklinikum Frankfurt, Neuroradiologie, Frankfurt a. M., Deutschland 

Objective 

Propranolol is a non-selective blocker of the β-adrenergic receptor and has been used for treatment of 
proliferative infantile hemangiomas. The vasoconstrictive and antiangiogenic effects of propranolol led us to 
explore its potential application for the treatment of AVMs. 

Methods 

AVM tissue was cultured after surgical resection in the presence of 100μM propranolol or solvent DMSO. After 
incubation for 72 hours, tissue was harvested for testing. The expression levels of SDF1α, CXCR4, VEGF and HIF-1 
was measured by rt-PCR. Furthermore, data of patients in 2 vascular centres harboring AVM was retrospectively 
interrogated for a time period of 20 years. The database included information about hemorrhage, AVM size and 
antihypertensive medication. Descriptive analyses were performed, focusing on the risk of hemorrhage, size of 
the lesion at presentation and clinical follow-up in patients on β-blocker medication versus those who were not. 

Results 

Among 483 patients, 73 (15%) were under β-blocker treatment. 48% AVMs presented with hemorrhage at 
diagnosis. Patients under β-blocker treatment had a lower risk of hemorrhage at the time of diagnosis in a 
univariate analysis (p<0,0001; OR 13). Patients under β-blocker treatment showed a significant higher chance for 
a lower Spetzler-Martin grade ≤III (p<0,0001; OR 6,5) and a lower risk for the presence of an associated 
aneurysm (p<0,0001; OR 3,6). Multivariate analysis including Spetzler-Martin Grading, young age ≤ 50, presence 
of associated aneurysm and β-blocker treatment showed reduced risk for hemorrhage under β-blocker 
treatment (p<0,01, OR 0,2). The expression of CXCR4 was suppressed by propranolol most likely through the HIF-
1 pathways. The gene expression of vasculogenesis factors was decreased in with propranolol incubated AVMs. 

Conclusion 

β-Blocker medication seems to be associated with a decreased risk of AVM-related hemorrhage and AVM-size at 
presentation or during follow-up. Propranolol inhibits SDF1α-induced vasculogenesis by suppressing the 
expression of CXCR4 most likely through the HIF-1 pathways. Therefore, SDF1α/CXCR4 axis plays an important 
role in the vasculogenesis and migration of inflammatory cells in AVM lesions. 
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Reprogrammierung von Astrozyten zu neuronalen Vorläuferzellen mithilfe lentiviraler Vektoren zur potenziellen 
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Reprogramming of astrocytes to neuronal precursor cells using lentiviral vectors for the potential treatment of 
CNS injuries 
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Younsi1 
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Objective 

The main drivers for persisting neurological symptoms after CNS injury are secondary pathophysiological 
changes, such as astrogliosis and glial scarring, inhibiting axonal regeneration and functional recovery. Thus, 
targeting the astroglial scar has become a promising experimental treatment approach. Our current project aims 
to convert primary rat spinal cord astrocytes to neuronal precursor cells (NPCs) in vitro, providing a proof of 
concept that could be translated to CNS injury models in vivo. 

Methods 

Astrocytes were isolated from the spinal cord of rat pups (N1-2) and subjected to anti-GLAST MACS-sorting. 
Purified primary astrocytes (P2) were then transduced with a custom-designed set of lentiviral vectors with the 
following properties: 1. Indication of successful transfection by expression of the reporter fluorescent protein 
BFP-HA tag under the control of an astrocyte-specific GFAP promoter. 2. Cellular conversion by overexpression 
of the transcription factors Oct4, Sox2, and Klf4 (OSK). 3. Indication of successful conversion in the presence of 
GFAP-BFP-T2A-iCre by flipping and expression of the double-floxed reporter fluorescent proteins Scarlet or GFP, 
driven by either a Synapsin-1 or Nestin promoter. After seven days, cells were fixed and subjected to 
immunofluorescence staining and confocal imaging. The phenotype of the converted cells was characterized and 
compared between groups. 

Results 

A primary cell culture of purified rat spinal cord astrocytes, characterized by GLAST and GFAP-expression, could 
be successfully established. Using a molecular cloning approach, the custom-designed set of lentiviruses with the 
ability to transduce GFAP positive astrocytes (BFP-HA tag expression) and to allow continuous evaluation of their 
conversion to NPCs (an increase of the Scarlet/GFP expression) was created. One week after viral transduction, 
the phenotype of the astrocytes had changed, as indicated by their decreased expression of astrocytic markers 
and increased expression of Nestin. 

Conclusion 

Our experiments suggest that the conversion of astrocytes to NPC-like cells with a lentiviral vector 
overexpressing OSK is feasible in vitro. The design of the vector system allows for specific targeting of astrocytes 
and continuous assessment of the transfection efficiency. Converting the astroglia scar to a more 
neuroregenerative tissue after CNS injuries in vivo might thus come within therapeutic reach. 
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Application of Sonic Hedgehog in the acute phase after experimental spinal cord injury improves functional 
recovery and attenuates the inflammatory response 
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Objective 

Although Sonic Hedgehog (Shh) has been extensively researched on its effects in early neurogenesis and brain 
development since its discovery in 1980, its recently described crucial neuroprotective effects implicate 
important underlying mechanisms on neuronal homeostasis and repair, especially after neuronal injury. We, 
therefore, studied the immediate effects of early applied Shh after acute spinal cord injury in rats. 

Methods 

In our experiment, we split 33 female Wistar rats into two survival groups: 72 hours and 168 hours. We 
performed a traumatic thoracic spinal cord injury (SCI) using the clip contusion/compression model at the T9 
level or a sham surgery (laminectomy). Directly after the injury, animals were treated with topically applied Shh 
or a placebo (NaCl) via an intrathecal osmotic pump using a subdural catheter. Locomotor function was assessed 
daily using Gridwalk Test, Basso, Beattie and Bresnahan (BBB) score, and CatWalk gait analysis. Animals were 
sacrificed at the respective timepoints, and immunohistochemical analysis was performed to investigate 
inflammatory responses and migration of immune cells. 

Results 

Compared to animals in the placebo group, we found that Shh treated rats displayed a significantly improved 
functional recovery of hind leg movement and coordination, compared to untreated rats. Furthermore, then 
presence of immune cells around the lesion site was significantly reduced under Shh-treatment, indicating that 
Shh might affect cell migration. Shh-treated animals also showed a substantially higher tendency towards M2-
differentiation of active macrophages. Interestingly, the Shh-treatment also led to less blood plasma products in 
and around the lesion, suggesting that Shh has relevant effects on the permeability of the blood-spinal cord-
barrier (BSCB). 

Conclusion 

Topically applied Shh displayed various immediate immunomodulatory effects by supposed BSCB tightening, 
reduced immune cell migration and anti-inflammatory immune cell differentiation, thus resulting in improved 
locomotor recovery. 
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Funktionelle Erholung und die posttraumatische Restitution der Blut-Rückenmarks-Schranke nach 
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Functional recovery in relation to the posttraumatic restitution of the Blood-Spinal-Cord-Barrier after 
experimental spinal cord injury in the mouse 
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Objective 

OBJECTIVE Spinal Cord Injury (SCI) is a devastating condition that presents a major socioeconomic burden for 
healthcare systems. The posttraumatic disruption of the Blood-Spinal-Cord-Barrier (BSCB) is a leading 
pathophysiology in SCI and its restitution plays a crucial role in structural spinal cord regeneration. A deeper 
understanding of the pathophysiology and its timeframe will enhance the search for restorative therapies 
facilitating functional regeneration. With this study we characterize the posttraumatic BSCB disruption and 
restitution in relation to functional recovery in a mouse model up to 28 days post SCI. 

Methods 

METHODS Adult C57BL/6J mice (m/f, n=55) underwent mid-thoracic (Th6/7) clip-compression SCI using a 
modified aneurysm clip (5g, 60s) or sham injury (two-level-laminectomy). Perioperative antibiotic therapy with 
amoxicillin and postoperative pain medication with buprenorphine was applied. Longitudinal 
neurobehavioral analysis was performed (n=23) using Catwalk® automated gait analysis and Basso Mouse Scale 
with Tally sub-score at days 1, 3, 7, 14 and 28 post SCI. Additionally, in vivo imaging with 7T MRI was performed 
for tissue morphology analysis. Individual specimens were sacrificed at each time point for qualitative 
histological analysis (Luxol-Fast-Blue + H&E, CD31+Evans-Blue, n=5). BSCB disruption was quantified by 
measuring Evans-Blue(EVB)–extravasation via fluorescence microplate reader (n=50). 

Results 

RESULTS As the posttraumatic disruption of the BSCB is most severe up to 7d post SCI, histological analysis up to 
this point showed vast structural damage and edema to the spinal cord with considerable EVB-leakage, 
supported by MRI findings, with an increasing restitution in the chronic phase (14d, 
28d). Quantitative assessment of EVB-extravasation displayed a significant disruption of the BSCB up to 14 days 
post SCI (14d: p=0.001), with restitution after 28 days (p=0.096). Neurological recovery started between days 7 
and 14 post SCI, with most specimens having regained hindlimb function by day 28 (p=0.552). 

Conclusion 

CONCLUSION Functional recovery following SCI is associated with the restitution of the BSCB, which remains 
significantly disrupted up to 14d post SCI, revealing a potential time frame for therapy application. Further 
detailed examinations of the regenerative capacities and the molecular players involved in BSCB regeneration 
are necessary for the development of restorative therapies targeting the neurovascular unit. 
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Objective 

Traumatic spinal cord injury (tSCI) is a devastating event, often associated with lifelong disability. Secondary to 
the primary injury, a cascade of secondary injury processes including blood-spinal cord barrier (BSCB) 
disintegration and neuroinflammation is initiated, leading to aggravation of symptoms and impaired 
regeneration. The Substance P (SP) mediated pathway has been associated with mediating such sequelae. 
Therefore, our current experiment aimed to determine the effects of a SP-treatment in the acute phase after 
tSCI. 

Methods 

A total of 78 female Wistar rats were randomized and received a T9-compression/contusion-SCI (SP, Placebo; 
n=30 each) or a laminectomy only (Sham; n=18). During the same surgery, a micropump for continuous i.t. 
delivery of SP or Placebo for 7 days was implanted. Neurological function was assessed 1, 3 and 7 days after SCI 
as well as weekly thereafter (CatWalk gait analysis, BBB score and Gridwalk test). The experiment was 
terminated by perfusion of the animals at different timepoints (3, 7 and 28 days after SCI). After tissue 
preparation, immunfluoerscence analysis was performed and the influence of SP on neuroinflammation, and 
BSCB integrity was assessed. Spinal cord edema was additionally measured with the wet/dry weight method 3 
days after SCI. Results between groups were statistically compared (p < 0,05 was considered significant). 

Results 

Though mostly not significant, immunofluorescence stainings with different markers indicated that the i.t. 
administration of SP directly after the thoracic compression/contusion-SCI might have positive effects on 
neuroinflammation and BSCB-integrity on a histological level. Similarly, spinal cord edema in the wet/dry spinal 
cord weight assay was slightly reduced in the SP group early after SCI, though not significantly. More 
importantly, long-term functional recovery seemed to be improved in SP-treated animals: After 28 days the BBB 
score was 3.0 points higher compared to placebo animals (significant, p<0.001) and a trend towards better 
outcomes with the SP-treatment was seen in the Gridwalk test and and CatWalk gait analysis as well. 

Conclusion 

Our current study presents findings on the association of intrathecally administered SP with neuroinflammation, 
BSCB integrity, spinal cord edema and functional recovery after SCI. Targeting the SP pathway might become a 
valuable treatment option for SCI and should further investigated. 
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Objective 

Traumatic brain injury (TBI) is a leading cause of death worldwide. After the primary injury, a cascade of 
secondary injury processes is initiated, including a complex inflammatory reaction. As a critical and vulnerable 
brain region, the hippocampus is commonly affected by such neuroinflammation. However, the detailed 
inflammatory changes in the hippocampus after TBI are not yet completely understood. Therefore, we used an 
experimental TBI model in rats to examine potential inflammatory mechanisms and pathways in the 
hippocampus. 

Methods 

A right parietal controlled cortical impact (CCI) or sham surgery (craniotomy only) was performed in 84 male 
Wistar rats. Behavioral changes were assessed via the open-field test 24 h, 72 h, 7 d, 14 d, and 28 d after CCI. To 
depict the course of inflammatory mechanisms and pathways, animals were sacrificed 15 min, 24 h, 72 h, 7 d, 14 
d and 28 d after CCI. The brains were removed, frozen and a 4 x 4 x 1 mm area centered around the 
hippocampus was resected for western blot (WB) and quantitative real-time PCR (qPCR) analyses. Results were 
statistically compared between groups (CCI, sham) and timepoints (p < 0.05 was considered significant). 

Results 

Injured animals showed significantly increased motor deficits 24 h, 72 h and 7 days post-surgery as well as 
significantly increased anxiety-like and exploratory behavior 7 days and 28 days after CCI compared to sham 
animals in the open-field test. The qPCR results indicated several relevant gene expression changes associated 
with an amplified and prolonged inflammatory reaction in CCI animals. This modulation of inflammatory 
pathways was also reflected in markedly increased inflammatory protein expression levels, detected via WB: 
Inter alia, differences of TNF-alpha, IL-1beta, TGF-beta, GFAP, iNos, Iba1, CD16 and CD206 could be detected 
between the injured CCI and the uninjured sham animals. 

Conclusion 

Our results contribute to an expanded understanding of secondary inflammatory changes in the hippocampus 
after experimental TBI. Modulation of inflammatory mechanisms and pathways might mediate neuroprotective 
effects. Thus, the current findings might enable further investigations to develop experimental treatments for 
TBI in the future. 
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Objective 

Traumatic Brain Injury (TBI) is a progressive and complex pathological condition which is frequently associated 
with impairment of cognitive function, including learning and memory. Such deficits are thought to be related 
with damage of the hippocampus. However, little is known about long-term neurocognitive and 
histopathological changes after hippocampal injury. Thus, we aimed to study such long-term effects in an 
experimental hippocampal TBI model in rats. 

Methods 

Male Wistar rats were subjected to either right parietal Controlled Cortical Impact (CCI) with a depth of 3 mm, a 
contact time of 150 ms and an impact speed of 8 m/sec or sham surgery. Motor function was examined via the 
Rotarod (RR) test 24 h, 72 h, 7 days, 14 days, and 28 days after injury. Learning and memory function were 
tested via the Sacktor's Active Avoidance test (AAT) 4 days, 12 days and 24 days after CCI. Hippocampal atrophy 
and neuronal loss were histologically examined with Nissl-Staining. Results were compared between both groups 
and correlation analyses were performed. 

Results 

In comparison to uninjured sham animals, motor deficits were significantly increased in the RR 24 h and 72 h 
after CCI. A slight recovery of injured animals was observed at day 7 and reached a plateau at day 14. Moreover, 
CCI resulted in significant deficits in spatial learning and memory in the AAT which slightly improved again after 
14 days. In comparison, sham animals showed improvement 4 days, 12 days, and 24 days after surgery. Nissl-
Staining demonstrated severe neuronal loss and atrophy in the hippocampus after 14 days which further 
worsened until day 28 after CCI. Spearman correlation analyses showed significant associations between 
neuronal loss in the hippocampus and deficits in spatial learning and memory in the Sacktor"s Active Avoidance 
test. 

Conclusion 

Our study gives a better understanding of not only the short -but also the long-term histopathological changes in 
the hippocampus and neurobehavior changes after experimentally induced TBI. These results might allow for 
refined evaluation of experimental therapeutic methods in future preclinical animal experiments. 
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patients – in search of a mechanism for memory impairment 
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Objective 

Memory impairment is a common comorbidity in chronic temporal lobe epilepsy. Whereas recurrent seizures in 
the mesial temporal structures and antiepileptic drugs may disrupt memory function, the exact neurobiological 
mechanism behind memory impairment remains elusive. Memory formation involves activity-dependent 
modification of synaptic weights. Thus, long-term potentiation (LTP) of synaptic transmission by electrical 
stimulation is an efficient model for studying memory at the neurophysiological level and requires intact 
glutamatergic signaling. We were therefore interested in studying LTP and glutamate signaling in the human 
cortex of epilepsy patients. 

Methods 

We performed field potential recordings in acute cortical slices from resection specimens obtained during 
surgery for drug-resistant temporal lobe epilepsy. LTP-induction upon a standardized theta-burst stimulation 
protocol was asessed. Some slices were additionally incubated with the fluorescent nanosensor iGluu, which 
undergoes changes in fluorescence intensity upon binding to extracellular glutamate. 

Results 

LTP induction was weak and unreliable in the human temporal cortex. In some slices, theta-burst stimulation 
lead to paradoxical induction of long-term depression of synaptic plasticity. By contrast, LTP was enhanced in the 
presence of a glucocorticoid receptor blocker. In slices subjected to fluorescence imaging, we observed transient 
changes in iGluu fluorescence signal intensity upon electrical stimulation, indicative of successful detection of 
glutamate release. 

Conclusion 

LTP induction in acute slices presents an opportunity to study the mechanisms underlying memory impairment 
in the human cortex. This model is a valuable complement to data from non-invasive recording modalities and 
stereo EEG, as it offers the unique possibility of pharmacological manipulation of synapses. Besides, we 
demonstrate for the first time that extracellular glutamate release can be monitored in human cortical slices 
with the iGluu nanosensor. In future experiments, this method will allow to gain insights on how glutamate 
dynamics affects human synaptic plasticity. 
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Spatio-temporal resolution of stereo-EEG signals following olfactory stimulation 
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Objective 

Dynamics of olfactory processing and the role of neural oscillations have received little attention in humans. We 
report intracranial recordings of temporo-spatial oscillations using stereo-electroencephalography (SEEG) 
following olfactory stimulation. 

Methods 

One patient (34 yrs.) with medical resistant epilepsy was monitored by SEEG. Peach and fish odor were 
presented in 2 sessions separated by 5 days. Using MatLab based software we analyzed odor-induced changes in 
theta, beta, and gamma frequency bands from bilateral recordings from amygdala, hippocampus, temporo-
occipital regions, temporo-medial gyrus and parahippocampal gyrus. 

Results 

There were similar odor-induced oscillation patterns in both sessions in the left Hippocampus, left 
parahippocampal gyrus, left temporooccipital lobe and predominantly right hippocampus and parahippocampal 
gyrus. However, in the second session, oscillations were weaker for repeated stimuli, a mechanism known as 
long-term central adaptation. The high frequency bilateral oscillations in amygdala, parahippocampus and 
hippocampus suggested higher-level, cognition-related processing of olfactory information. 

Conclusion 

We report an investigation of the human olfactory network characterized by typical spatio-temporal patterns of 
neuronal oscillations. The identified characteristic oscillatory response to odors is consistent by the sparse 
literature. The results are expected to promote the development of implants that can electrically induce 
olfactory perceptions in patients without a sense of smell. 

Funding: This research received funding from the European Union"s Horizon 2020 research and innovation 
programme under grant agreement No 964529 
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Improving the accessibility of the temporal lobe to invasive pre-surgical evaluation of refractory epilepsy by 
stereoelectroencephalography 
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Objective 

Invasive video-encephalography (iVEEG) is the gold standard for pre-surgical evaluation of refractory epilepsy. 
Traditionally, the presumed epileptic focus was covered with subdural electrodes (SDE) with an invasive 
implantnation procedure prone to complications. The introduction of stereoencephalography (SEEG) promised a 
reduction of invasiveness and surgical risk. However, SEEG surgery with conventional frame-based stereotaxy 
turned out to be time-consuming and impeded by the geometry of the frame. The introduction of robot-assisted 
SEEG simplified trajectories to the temporal lobe. The aim of the present study was to describe the evolution of 
invasive video-encephalography of the temporal lobe focusing on the impact of the robotic technology. 

Methods 

This retrospective study enrolled 57 consecutive patients with medically intractable epilepsy who underwent 
iVEEG of a potential temporal seizure onset zone (SOZ) by SDE (n=40) or SEEG (n=17). Surgical time efficiency 
was analyzed by the skin-to-skin time (STS) and the total procedure time (TPT). Surgical risk was depicted by the 
90-day complication rate. Temporal SOZ were treated by second stage resective surgery (SSRS). Favorable 
outcome (Engel°1) was assessed after one year of follow-up. 

Results 

Robot-assisted (ra) SEEG implantations significantly reduced the duration of surgery in comparison to SDE 
implantations concerning STS (74±26 vs 173±69 min, p<0.001) and TPT (128±36 vs 208±81 min; p<0.001). Ra 
SEEG were associated with less severe complications and showed a smaller total complication rate (13% vs 8%, 
p=0.695) than SDE implantations. Temporal SOZ was detected in 33/40 (83%) SDE and in 9/17 (53%) SEEG cases 
(p=0.045). 29/42 (69%) of patients with temporal SOZ underwent SSRS. Both SDE and SEEG showed excellent 
positive prediction for a favorable SSRS outcome (92% vs 100%, p=1.00). 

Conclusion 

Robot-assisted SEEG improves the accessibility of the temporal lobe to iVEEG by increasing surgical time 
efficiency and decreasing the complication rate while maintaining a high predictive value for a SSRS. 

 
 



 

32 

 

Elektrophysiologie/Electrophysiology 

V028 

 
Prognostischer Wert von transkraniellem MEP-Monitoring bei minimal invasiver dorsaler Dekompression bei 
zervikaler Spinalkanalstenose 
Prognostic value of transcranial MEP-Monitoring during minimally invasive dorsal decompression of cervical 
stenosis 

F. Komboz1, I. Fiss1, S. Hernández-Durán1, D. Mielke1, V. Rohde1, T. Abboud1 

1Universitätsmedizin Göttingen, Neurochirurgische Klinik, Göttingen, Deutschland 

Objective 

The value of intraoperative neuromonitoring during degenerative spine surgery is controversial. Data on 
transcranial motor evoked potentials (MEP) during dorsal decompression of the cervical spine are limited. The 
aim of this study was to determine the prognostic value of MEP based on changes in threshold level during 
dorsal decompression for cervical spondylotic myelopathy 

Methods 

This is a prospective study including patients operated for cervical spondylotic myelopathy at our institution, 
between June 2018 and October 2020. A minimally invasive dorsal decompression of the spinal canal through 
unilateral hemilaminectomy using a cross-over technique was the standard procedure for all patients. Japanese 
Orthopedic Association (JOA) Score was measured preoperatively and at discharge. For intraoperative 
monitoring, transcranial electrical stimulation using the combination C3-C4 was applied. MEP were recorded 
from the upper extremities and threshold levels were determined for each of the representative muscles of the 
relative cervical nerve root departing the spinal canal at or below the level of the decompression. The percentual 
change in threshold level was evaluated for each muscle and the differences (DTL) between start and end of the 
decompression were analyzed and their correlation with JOA score variation was investigated. 

Results 

We included 31 patients in this study. Surgical decompression was performed at 3 levels or more in 20 patients, 
at 2 levels in 10 patients and at one level in one. Intraoperative MEP improved at least in one muscle in 23 
patients (1- 8 muscles, median 4 muscles). In 21 patients, at least one of the presenting symptoms improved 
postoperatively. The remaining patients reported either no improvement (n=9) or a transient worsening of their 
symptoms (n=1). Average threshold level decreased in 23 patients, remained unchanged in one and increased in 
7 patients. An independent t-test showed a significant difference when comparing DTL between patients with 
clinical improvement (n=21) and those without (n=10) (-8.16% ± 8.78% vs 0.38% ± 6.80%, p=0.012). A decrease 
in average threshold level was significantly associated with a postoperative clinical improvement (OR 5- 95%, 
1.53 to 184.9, P= 0.017). 

Conclusion 

This pilot study shows a significant correlation between intraoperative MEP improvement and early 
postoperative JOA score variation. Prospective randomized studies may provide stronger evidence as to the 
prognostic value of MEP in cervical spine surgery. 
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Objective 

Surgical decision making in Degenerative Cervical Myelopathy (DCM) is often challenging due to the lack of 
sufficiently reliable predictors of disease progression and surgical outcome. Recently, the compensatory 
potential of reorganization processes within the cerebrospinal motor network as assessed by transcranial 
magnetic stimulation (TMS) has been discussed as a novel prognostic factor. However, the possible involvement 
of non-primary motor areas remains unclear. Moreover, somatosensory impairment as an early but often 
overlooked symptom of DCM was not in the main focus of research so far. We, therefore, used functional MRI 
(fMRI) to investigate the adaptive functional changes of primary and non-primary motor areas as well as 
somatosensory cortices in DCM. 

Methods 

10 right-handed DCM patients (56±12 yrs, m=7, mean JOA score 13.3±2.3) and 10 age- and gender-matched 
healthy controls (57±12 yrs, m=7) underwent a fMRI (3T) session. The fMRI procedure consisted of alternating 
movements of the left and right hand and foot as well as passive somatosensory stimulation of the subjects' 
hands and feet. fMRI data were analyzed using MATLAB® 2019a and the SPM12 software package. Hand motor 
areas were assessed using TMS in a separate session. 

Results 

Similar to previous results reported for the TMS hand motor area, a tendency towards higher BOLD activity was 
found for the representation of the left and right foot area in DCM patients (p≤0.1, uncorr.). Moreover, non-
primary motor areas like the dorsal premotor cortex also showed stronger BOLD activity as compared to healthy 
subjects (p≤0.1, uncorr.). In contrast to the motor task, the sensory stimulation led to a weaker activation of the 
hand area within the left (dominant) hemisphere in patients (p≤0.001, uncorr.). Regarding the other task 
conditions, patients showed only weak activation in S1 (p≤0.001, uncorr.) and a much scarcer involvement of 
ipsilateral areas than controls. 

Conclusion 

Our results suggest that DCM leads not only to cortical plasticity in primary motor areas of the hand and foot, 
but also to the compensatory recruitment of non-primary motor areas. In contrast to the motor representation, 
cortical responsiveness to sensory stimuli was reduced in DCM. Beyond the question of post-surgical 
reversibility, it remains to be investigated to which extent the BOLD activity alterations translate to the degree of 
clinical affection and to the changes of cortical excitability measured by TMS. 
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Rolle perivaskulärer Makrophagen bei der posthämorrhagischen Mikrozirkulationsstörung nach experimenteller 
Subarachnoidalblutung 
Perivascular Macrophages mediate microvasospasms after subarachnoid hemorrhage 

J. Schwarting1,2, X. Lin1, N. Plesnila1, N. A. Terpolilli1,2 

1Klinikum der LMU, Institut für Schlaganfall und Demenzforschung, München, Deutschland 
2Klinikum der LMU, Neurochirurgische Klinik, München, Deutschland 

Objective 
 
Subarachnoid hemorrhage (SAH) is associated with acute and delayed cerebral ischemia resulting in high 
mortality and morbidity. The early phase after SAH (first 72 hours after hemorrhage) is characterized by 
perfusion deficits in the cerebral microcirculation. During this phase, spasms of arterial microvessels occur in 
patients and after experimental SAH. Recently, inactivation of perivascular macrophages (PVM) has been 
demonstrated to improve neurological outcome after experimental SAH; the mechanisms of this phenomenon, 
however, are not clear yet. Here, we investigated the role of perivascular macrophages (PVM) for the formation 
of microvasospasms in a filament perforation mouse model of subarachnoid hemorrhage 
 
Methods  
 
PVM were deleted in C57 Bl6 mice (male, 6-8 weeks old, 20-24 g bodyweight) seven days prior to SAH by 
injection of Clodronate (n=8) or sham liposomes (n=8) into the cisterna magna. Texas Red was injected 
intraperitoneally before SAH induction to label extravasated blood. SAH was then induced according to the MCA 
filament perforation model under continuous monitoring of CBF and ICP. Six hours after SAH induction, in-vivo 2-
photon microscopy was performed via a cranial window after intraarterial injection of Fluorescein 
isothiocyanate. Caliber variations of the cerebral microvasculature were then analyzed in nine standardized 
regions of interest. Histological quantification of PVMs with CD206 and Laminin staining was performed after 
transcardial perfusion. 
 
Results  
 
PVM were predominantly located around 1st and 2nd order penetrating arterioles and were effectively depleted 
after Clodronate injection (p<0.01). After SAH, MVS mainly occurred in pial arteries (45 IQR 29 / animal), and 1st 
and 2ndorder penetrating arterioles (19 IQR 9 and 5 IQR 6 /animal). Macrophage depletion significantly reduced 
the number of MVS per animal (to 20 IQR 29 in pial vessels, p=.021, 5 IQR 5 in 1st , p=.006,  and 2 IQR 3 in 2nd 
order penetrating arterioles, p=.039). 
 
Conclusion 
 
Our results suggest that PVM play a role in the formation of microvasospasms in the acute phase of SAH. 
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Trigeminusneuralgie in deutschen Selbsthilfegruppen auf Facebook. Wie oft wird die Neuromodulation 
erwähnt? 
Trigeminal Neuralgia in german support groups on Facebook: How often is neuromodulation mentioned? 

G. Matis1, M. E. Gündüz1, V. Visser-Vandewalle1 

1Uniklinik Köln, Klinik für Stereotaxie und funktionelle Neurochirurgie, Köln, Deutschland 

Introduction 
 
Trigeminal neuralgia (TN) is associated with severe pain and can impact daily functioning and overall quality of 
life. During the last years many TN Facebook (FB) patient groups have been created worldwide. The aim of this 
work is to assess the number of neuromodulation-related posts in such groups in Germany. 
 
Material and Methods  
 
"Trigeminusneuralgie" was entered as keyword[VVV1]  in the search box and the group tabs were clicked. Only 
three active private groups could be found. The most recent[VVV2]  posts from all 3 groups were evaluated over 
a time period of two weeks   (01.01.2020-14.01.2020). 
 
Results  
 
The three groups included 2603 members. In the mentioned time period, 84 posts and 1348 comments were 
found. Twenty six posts (31%) mentioned drugs (adverse events, potency), twenty three (27%) were about 
networking/getting info, twelve (14%) were referring to TN combined with other symptoms (teeth or 
maxillofacial problems), six (7%) shared social media content (YouTube videos, websites), five (6%) were 
referring to the Jannetta operation, four (5%) were focused on finding an experienced physician, and seven (8%) 
were about other topics (menstruation, pregnancy, insurance companies, TENS, acupuncture). Only two posts 
(2%) mentioned neuromodulation. 
 
Discussion  
 
The main focus of these TN FB groups was on the available drugs and getting more information about the 
disease/connecting to other TN patients (58%). The Jannetta operation was more frequently mentioned in 
comparison to neuromodulation as a treatment option. On average, every post was commented by sixteen 
group members, showing the interaction that takes place within such groups. TN patients were actively seeking 
information, indicating that the medical community cannot fully address all informational needs of patients with 
TN. 
 
Conclusions  
 
It is imperative to raise awareness of the role of neuromodulation in treating patients with TN among the world 
medical community and the general population. 
 
References 
 
Obermann M. Treatment options in trigeminal neuralgia. Ther Adv Neurol Disord 2010;3(2):107-115. 
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Neurophysiologische Untersuchung des Kortex bei Patienten mit chronischen refraktären Schmerzen und SCS-
Therapie — Erste Ergebnisse der Pilotstudie 
Neurophysiological investigation of the cortex in patients with chronic refractory pain and spinal cord stimulation 

B. Kretzschmar1, M. M. Hajiabadi1, K. Steinmetzger2, A. Rupp2, A. Unterberg1, R. Ahmadi1 

1Universitätsklinikum Heidelberg, Neurochirurgie, Heidelberg, Deutschland 
2Universitätsklinikum Heidelberg, Neurologie, Heidelberg, Deutschland 

Fragestellung 
 
Obwohl die Rückenmarkstimulation (SCS) bei der Behandlung von refraktären neuropathischen Schmerzen weit 
verbreitet ist, gelten die zugrundeliegenden Wirkmechanismen als noch nicht vollständig verstanden. 
Insbesondere, wie sich die SCS auf supraspinale Hirnzentren auswirkt und die Schmerzverarbeitung beeinflusst, 
ist nicht bekannt. Ergänzende Marker zur Objektivierung der Therapieeffektivität fehlen. Ziel dieser Arbeit ist es, 
die kortikale Repräsentation sowie Veränderungen des kortikalen Netzwerkes unter Neurostimulator-Therapie 
mit Hilfe der Elektroenzephalographie (EEG) zu erfassen.  
 
Methoden 
 
Hierfür wurde ein 64-Kanal-EEG von Patienten mit therapierefraktären Schmerzen im Bereich der unteren 
Extremitäten nach SCS-Implantation abgeleitet. Die Ableitung erfolgte dabei sowohl während tonischer 
Stimulation als auch bei ausgeschaltetem Neurostimulator. Zur Aktivierung des nozizeptiven System wurden in 
beiden Bedingungen 40 schmerzhafte Laserreize (Nd:YAP, ƛ 1340 nm, 3 ms, 5mm, 2.00J) auf das betroffene 
Dermatom und das entsprechende Kontrollareal appliziert. 
 
Ergebnisse 
 
Nach Projektion der Laser-induzierten Oszillationen auf ein Standard-Gehirn zeigte sich während der tonischen 
Rückenmarksstimulation Aktivität im Theta-Frequenzbereich (5-7Hz) vor allem im kontralateralen, 
somatosensorischen Kortex in einem Zeitfenster von 100 - 600 ms nach Laserreiz. Im Vergleich dazu konnte bei 
ausgeschaltetem Neurostimulator verstärkte Theta-Aktivität zusätzlich in den präfrontalen und insulären 
Hirnarealen beobachtet werden. 
 
Schlussfolgerungen 
 
Die bisherigen Daten zeigen eine spezifische kortikale Repräsentation bei ein- und ausgeschalteter 
Neurostimulation. Dabei scheint es, dass unter SCS die Aktivierung präfrontaler und insulärer Hirnareale 
unterdrückt wird und sich der Aktivitätsschwerpunkt zum somatosensorischen Kortex verlegt. Dadurch könnten 
möglicherweise inhibitorische Feedforward-Prozesse zur Schmerzreduktion gefördert werden. Die dabei 
verwendeten Methoden scheinen äußerst vielversprechend zu sein in Hinsicht auf die Entwicklung neuer 
Diagnostikverfahren und Optimierung bisheriger Therapiekonzepte. 
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Visualisierung der Neuroplastizität nach erfolgreicher chirurgischer Rekonstruktion des Plexus brachialis mittels 
motorischer navigierter transkranieller Magnetstimulation (nTMS) – Vorstellung von ersten Ergebnissen 
Visualisation of motor neuroplasticity after successful surgical reconstruction of the brachial plexus using 
navigated transcranial magnetic stimulation (nTMS) 

G. Durner1, A. Gerst1, I. Ulrich1, C. R. Wirtz1, M. Pedro1, A. Pala1 

1Uni Ulm, Neurochirurgie, Ulm, Deutschland 

Fragestellung: 
 
Die chirurgische Rekonstruktion des Plexus brachialis stellt im Erfolgsfall eine große Verbesserung für die 
Lebensqualität betroffener Patienten dar. Um den postoperativen Regenerationsprozess nach erfolgreicher 
Nervenrekonstruktion oder Nerventransfer besser zu verstehen untersuchen wir die kortikalen Veränderungen 
im Bereich der Motorregion mittels nTMS. 
 
Methoden: 
 
Da die Bicepsfunktion von großer Wichtigkeit bei Bewegungen der Hand zum Gesicht hat und ein häufiges Ziel 
von chirurgischen Rekonstruktionen darstellt untersuchen wir die kortikale Repräsentation des M. Biceps nach 
erfolgreicher OP (definiert als Kraftgrad größer 3/5 auf der MRC in der abschließenden Untersuchung). Wir 
untersuchen hierfür sowohl Patienten mit wiederhergestellter Nervenkontinuität als auch Nerventransfer. Ein 
Mapping der kontralateralen Hemisphäre des Patienten sowie die kortikale Biceps-Repräsentation beim 
gesunden Kollektiv werden als Referenz erhoben. 
 
Ergebnisse: 
 
Wir möchten erste Ergebnisse der Studie präsentieren. Bis jetzt wurden jeweils ein Patient mit Oberlin-Transfer 
(N. ulnaris auf N. musculocutaneus) und Phrenicus-Transfer (N. phrenicus auf N. musculocutaneus) sowie 10 
gesunde Probanden untersucht. Eine Machbarkeit des kortikalen Biceps-Mappings konnte sowohl für die 
gesunde Kohorte als auch für die Patientenkohorte gezeigt werden, auch wenn sich hier einige Fallstricke 
zeigten. Bei beiden Patienten sahen wir eine Repräsentation der Bicepsfunktion im gyrus präcentralis, wie 
anzunehmen. Jedoch war in beiden Fällen eine Vergrößerung der kortikalen Repräsentation auf der betroffenen 
Hemisphäre zu sehen, die nun auch über dem gyrus postcentralis und der SMA gelegen war. 
 
Schlussfolgerung: 
 
Das nTMS Motor-Mapping nach chirurgischer Rekonstruktion des Plexus brachialis ist machbar. Bei beiden 
Patienten sehen wir eine erneute Lokalisierung über dem gyrus präcentralis, im Vergleich zur kontralateralen, 
nicht betroffenen Hemisphäre ist jedoch eine Vergrößerung der kortikalen, motorischen Repräsentation zu 
sehen. Weitere Untersuchungen an mehr Patienten sind nötig, um eine statistische Analyse möglich zu machen. 
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Auf dem Weg zur Präzisionsmedizin. Automatisiertes Wirkstoffscreening unter Verwendung von 
Tumororganoiden zur Ermittlung patientenspezifischer Arzneimittelreaktionen 
Towards Precision Medicine: Automated Drug Screening Platform Utilizing Tumor-Organoids to Identify Patient-
Specific Drug-Responses 

G. Jungwirth1, A. Paul1, J. Cao1, T. Yu1, R. Warta1, A. Unterberg1, C. Herold-Mende1 

1University of Heidelberg, Division of Experimental Neurosurgery, Heidelberg, Deutschland 

Objective 
 
Tumor-organoids (TO) are mini-tumors generated from tumor tissue preserving its genotype and phenotype by 
maintaining the cellular heterogeneity and important components of the tumor microenvironment. We recently 
developed a protocol to reliably establish TOs from meningioma (MGM) in large quantities. The use of TOs in 
combination with lab automation holds great promise for drug discovery and screening of comprehensive drug 
libraries. This might help to tailor patient-specific therapy in the future. The aim of our study was to establish an 
automated drug screening platform utilizing TOs. 
 
Methods 
 
For this purpose, we established TOs by controlled reaggregation of freshly prepared single cell suspension of 
MGM tissue samples in the high-throughput format of 384-well plates. The drug screening was performed fully 
automated by utilizing the robotic liquid handler Hamilton Microlab STAR and a drug library containing 166 FDA-
approved oncology agents. A two-step screening process was employed: First, drugs were screened at a single 
dose (2.5 µM) for 72h in triplicates. Viability was assessed with CellTiterGlo3D. The top 10 drugs resulting in the 
lowest viability were considered for further validation. These drug candidates were then analyzed in a six-point 
dose-response scheme ranging from 3 nM to 10 µM. From the resulting dose-curves, half-maximum inhibitory 
concentrations (IC50) were calculated. Cluster analyses were performed in the software R. 
 
Results 
 
In total, we performed fully automated drug screening with 166 antineoplastic drugs on TOs from 11 patients 
suffering from MGM (n=8 WHO°I, n=2 WHO°II, n=1 WHO°III). The top five most effective drugs resulted in a 
decrease of TO viability ranging from 84.6–63.3%. K-means clustering analysis resulted in groupings of drugs 
with similar modes of action. One cluster consisted of epigenetic drugs while another cluster consisted of several 
proteasome inhibitors. However, when looking at a patient-individual level, in 11 patients 44 of 166 drugs, were 
among the top 10 most effective drugs, providing strong evidence for heterogeneous drug-responses in MGM 
patients. 
 
Conclusion 
 
Taken together, we successfully developed an automated drug screening platform pipeline utilizing TOs from 
MGM to identify patient-specific drug-responses. The observed intra-individual differences of drug responses 
mandate for a personalized testing of comprehensive drug libraries in TOs to tailor more effective therapies in 
MGM patients. 
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Neuroendoskopische Operationen im Neugeborenenalter - Indikationen und Ergebnisse von 116 Patienten 
innerhalb von 10 Jahren 
Neuroendoscopic surgeries in the neonatal perios – indications and results of 116 patients within 10 years 

A. Schaumann1, C. Bührer2, M. Schulz1, U. W. Thomale1 

1Charité - Universitätsmedizin Berlin, Pädiatrische Neurochirurgie, Berlin, Deutschland 
2Charité - Universitätsmedizin Berlin, Klinik für Neonatologie, Berlin, Deutschland 

Fragestellung 
 
Die Neuroendoskopie ist von zunehmender Bedeutung bei der Behandlung Früh- und Neugeborener; in der 
aktuellen Literatur finden sich jedoch nur sehr wenige umfangreiche Datenanalysen. Im Rahmen dieser 
retrospektiv angelegten 10 Jahres, single-center Untersuchung werden Art und Ergebnisse der durchgeführten 
neuroendoskopische Operationen analysiert. 
 
Methoden 
 
Retrospektiv wurden konsekutiv alle früh- und reifgeborenen Kinder eingeschlossen, die - vor Abschluss der 
Neugeborenenperiode (28. Lebenstag) - zwischen 09/2010 und 09/2020 neuroendoskopisch operiert wurden. Es 
erfolgte die Erhebung aller Daten zur Art der durchgeführten Operation, zu aufgetretenen Komplikationen 
inklusive möglicher Revisionsoperationsdaten innerhalb des ersten Lebensjahres des jeweiligen Patienten. 
 
Ergebnisse 
 
Insgesamt wurden 153 neuroendoskopische Eingriffe bei 116 Kindern im genannten Zeitraum durchgeführt 
(medianes Gestationsalter 29+1w, medianes OP-Alter 35+0w). Bei 80 Patienten erfolgte eine 
neuroendoskopische Lavage (NEL) nach intraventrikulärer Blutung, hiervon erhielten sekundär 47 Patienten 
einen Shunt (Rate: 58,8%). Bei 30 Patienten wurde ein manifester Hydrocephalus unter Verwendung 
neuroendoskopischer Techniken behandelt. 13 Patienten erhielten eine NEL aufgrund einer intraventrikulären 
Infektion (sekundäre Shuntrate dieser Gruppe: 84,6%). Bei 38 der 116 Patienten mussten im Nachgang der 153 
endoskopischen Operationen 43 operative Revisionen aus verschiedenen Gründen erfolgen (sekundäre Infektion 
(7,1%), Shuntdysfunktion (5,2%), ETV-Versagen (3,9%)). 
 
Schlussfolgerungen 
 
Die vorgestellten Daten einer großen Kohorte früh- und reifgeborener Kinder, die vor Abschluss der Neonatalzeit 
operiert worden sind, bestätigen, dass die angewendeten neuroendoskopischen Techniken auch in der 
genannten Altersgruppe zum Vorteil der Patienten anwendbar sind, wobei Komplikationen und Re-
Operationsrate im bekannten altersentsprechenden Bereich liegen. 
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Intraarterielles Nimodipin versus induzierte Hypertonie bei verzögerter zerebraler Ischämie nach 
aneurysmatischer Subarachnoidalblutung - eine prospektive Studie über ein modifiziertes Behandlungsprotokoll 
Intraarterial nimodipine versus induced hypertension for delayed cerebral ischemia after aneurysmal 
subarachnoid hemorrhage – a prospective study of a modified treatment protocol 
 
M. Weiss1, W. Albanna1, C. Conzen1, N. Kastenholz1, K. Seyfried1, J. Tas2,3, M. Veldeman1, T. P. Schmidt1, H. 
Schulze-Steinen4, M. Wiesmann5, H. Clusmann1, S. Park6, M. J. Aries 2,3, G. A. Schubert1 

 

1Department of Neurosurgery, RWTH Aachen University, Aachen, Germany 
2Department of Intensive Care, Maastricht University Medical Center, Maastricht University, Maastricht, The Netherlands 
3School for Mental Health and Neuroscience (MHeNS), Maastricht University Medical Center, Maastricht, The Netherlands 
4Department of Intensive Care Medicine and Perioperative Care, RWTH Aachen University, Aachen, Germany 
5Department of Diagnostic and Interventional Neuroradiology, RWTH Aachen University, Aachen, Germany 
6Program for Hospital and Intensive Care Informatics, Department of Neurology, Columbia University Irving Medical Center, New York, USA  

 
Objective 
 
Rescue treatment for delayed cerebral ischemia (DCI) after subarachnoid hemorrhage may include induced 
hypertension (iHTN) (first-line treatment) and, in refractory cases, the addition of continuous intraarterial 
vasodilation with nimodipine (IAN) (second-line treatment). The combination of iHTN and IAN can dramatically 
increase vasopressor demand. In case of unsustainable doses, iHTN is often prioritized over IAN. However, 
evidence in this regard is largely lacking. We investigated the effects of a classical and modified treatment 
protocol.  
 
Methods 
 
Rescue treatment for DCI was initiated with iHTN (target >180mmHg systolic) and escalated to IAN in refractory 
cases. Until 07/2018, concurrent treatment with iHTN >180mmHg and IAN was offered in refractory cases 
according to local protocol (iHTN+IAN), with reduction of IAN dose in case of unsustainable vasopressor demand. 
After protocol modification in 08/2018, treatment escalation in refractory cases included initiation of IAN with 
preemptive reduction of iHTN to >120mmHg (IAN only). Primary outcome was noradrenaline demand during 
rescue treatment. Secondary outcomes were minor and major noradrenaline-associated complications, mean 
intraparenchymal brain tissue oxygen during treatment, DCI related infarction and favorable 3-month outcome 
(Glasgow Outcome Scale 4-5). 
 
Results 
 
A total of n=29 and n=18 patients were treated according to the classical and modified protocol, respectively. 
Protocol modification resulted in a significant reduction of mean noradrenaline demand (iHTN+IAN 
0.70±0.54µg/kg/min, IAN only 0.28±0.21µg/kg/min, p<0.0001) and minor complications (48.3%, 11.1%, p<0.05) 
with a comparable incidence of major complications (20.7%, 22.2%, p=1.0). Brain tissue oxygen was significantly 
higher with IAN only (iHTN+IAN 26.6±12.8mmHg, IAN only 39.8±9.4mmHg, p<0.05). Incidence of DCI related 
infarction (37.9%, 44.4%, p=0.76) and favorable clinical outcome (30.4%, 36.4%, p=0.57) were comparable.  
 
Conclusion 
 
Assuming the potential of iHTN to be exhausted out at time of secondary deterioration, additional IAN may serve 
as a last-resort measure to bridge hypoperfusion in the DCI phase. With close monitoring, preemptive lowering 
of pressure target after induction of IAN may be a safe alternative to alleviate total noradrenaline load and 
potentially reduce complication rate.   
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Die kortikospinale Reserve – Bewertung des Krankheitsstadiums und der Dynamik bei degenerativer zervikaler 
Myelopathie mit navigierter TMS 
The corticospinal reserve – Evaluation of disease stage and dynamics in degenerative cervical myelopathy with 
navigated TMS 

 
L. Kawelke1, T. Picht1, C. Weiss-Lucas1, K. Seidel2, S. Krieg3, P. Vajkoczy1, A. Zdunczyk1 

 
1 Charité–Universitätsmedizin Berlin, Klinik für Neurochirurgie, Berlin 
2 MVZ Klinikum Passau, Neurochirurgie, Passau 
3 Klinikum rechts der Isar, Klinik für Neurochirurgie, München 

 
Background  
 
In patients suffering from degenerative cervical myelopathy (DCM), conventional radiology with additional 
electrophysiology often fails to reliable quantify stage of disease and dynamics of disease progression. We have 
recently introduced the concept of ‘corticospinal reserve’ 
in which severely symptomatic patients (JOA<12) with an exhausted reserve presented with a restricted motor 
area, reduced recruitment curve and increased inhibition. In contrast, patients suffering from mild symptoms 
(JOA>12) and thus preserved corticospinal reserve, an enlarged motor area due to a higher recruitment of 
adjacent neuronal groups was observed. The current prospective multicenter trial has been designed to validate 
this new pathophysiological concept and demonstrate its diagnostic potential in DCM. 
 
Methods 
 
We investigated 120 patients (mean age 64.5 ± 11.8 yrs.) with DCM preoperatively and following surgical 
decompression from four spine centers in Germany and Switzerland. The study was sponsored by a DWG 
research grant. Patients were divided into three groups, based on the initial Japanese Orthopedic Association 
Score (JOA <12/13-15/>15). In addition, conventional electrophysiology (SSEP/MEP) and the “Disabilities of Arm, 
Shoulder and Hand Questionnaire” (DASH) were recorded. For the assessment of corticospinal excitability, we 
measured the resting motor threshold (RMT), motor area, recruitment curve (RC) and cortical silent period (CSP) 
by means of navigated transcranial magnetic stimulation (nTMS). 
 
Results 
 
In patients with moderate symptoms (JOA 13-15) we encountered a compensatory increased motor cortex 
activation (motor area: p<.05: mean ± SD JOA 13-15: 308.5 ± 213.3 vs. JOA ≤12:  225.7 ± 159.5) and maintained 
corticospinal excitability (RC slope p=0.4, JOA 13-15: 10.6 ± 6 vs. JOA >15: 11.1 ± 5.2). In contrast patients with 
severe symptoms (JOA≤12) presented a reduced excitability of cortico-cortical axons reflected by an elevated 
RMT (p<.05, mean ± SD JOA ≤12: 43.8 ± 11.4 vs. JOA >15: 39.2 ± 8.4) and reduced corticospinal excitability 
expressed by a lower RC slope (p<.05, mean ± SD JOA ≤12: 8.4± 4.8 vs. JOA >15: 11.1± 5.2).  
The conventional electrophysiology revealed only 73.3% pathological SSEPs for patients with a severe 
impairment (JOA <12), 65.8% for moderate symptoms (JOA 13-15) and 27,3% for mild symptoms (JOA >15).  
 
Conclusion 
 
In summary, our prospective multicenter trial has confirmed our concept for functional reorganization in 
patients suffering from DCM i.e. the ’corticospinal reserve capacity’. Based on our findings it became apparent 
that conventional diagnostics often fail to demonstrate clinical impairment and disease progression. The 
corticospinal reserve might be able to overcome the diagnostic gap in DCM and serve as an objective and 
valuable tool for future treatment strategies in these patients. 
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Der Einfluss des ersten Jahres der COVID-19-Pandemie auf das Volumen der Wirbelsäulenchirurgie in 
Deutschland – eine DWGRegisteranalyse 
The impact of the first year of COVID-19 pandemic on volume of spine surgery in Germany – a DWG-registry 
analysis 

A. Afifi1, R. Abdelrahman1, M. A. Mahmoud1, K. W. DWG2, J. Siewe3,2, R. Sobottke1,2 

1Rhein Maas Klinikum, Klinik für Wirbelsäulenchirurgie, Neurochirurgie und spezielle Orthopädie, Würselen, Deutschland 
2Kommission Wirbelsäulenregister, DWG, Ulm, Deutschland 
3Klinikum Leverkusen, Wirbelsäulenchirurgie/ Neurochirurgie, Leverkusen, Deutschland 

Objective 

Medical care in Germany changed markedly during the first year of the COVID-19 pandemic. The impact of the 
pandemic on surgical spine care in Germany, however, has not been investigated in a multicentre setting yet. It 
was hypothesized that the COVID-19 pandemic in Germany is associated with a reduction of executed surgical 
spinal interventions, which was more prominent in specific categories of interventions. 

Methods 

The German Spine Registry (DWG Register) was utilized and surgical cases between 01.01.2019 and 31.12.2020 
were selected. Two groups were composed. Patients enrolled prior to the start of the COVID-19 pandemic 
(before 01.01.2020) were included in group ´PRE-pandemic´. Patients admitted between 01.01.2020 and 
31.12.2020 were selected for the group ´PANdemic´. The number of performed interventions for different 
categories of spinal pathologies were compared between PRE-pandemic and PANdemic conditions. Hospitals 
participating in both study periods have been included 

Results 

A total of 96 institutions and 96,243 cases were included. Annual interventions per institution was higher in 
the PRE-pandemic-group, compared with the PANdemic group (respectively 453 vs. 428 surgeries/institution. 
Moreover, in the PANdemic-group, the number of executed surgeries was significantly decreased in the 
month April, compared with the reference year 2019 (PRE-Group), p=0,031. As anticipated, the most prominent 
decrease of executed surgeries was seen in patients with degenerative diseases. In addition, a striking drop of 
performed interventions for critical categories such as infection and tumours occurred in both the 1st and 2nd 
pandemic waves as well.            

Conclusion 

The current study demonstrates that the COVID-19 pandemic is associated with a radical reduction of performed 
spinal surgeries in Germany. During periods of peak COVID-19 incidences not only a decrease in performed 
elective surgeries was seen, but also the number of interventions for critical conditions dropped markedly. This 
indicates that patient groups with critical spinal diseases have been undersupplied during the first year of the 
COVID-19 pandemic in Germany. Additional in-depth evaluation of surgical spine care for specific spinal 
pathologies during the COVID-19 is mandated to optimize triage and patient distribution protocols. 
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Dekompression im Vergleich zur Dekompression mit Fusion zur Behandlung von lumbalen Anschlussstenosen 
Decompression with or without Fusion in degenerative adjacent segment stenosis after lumbar fusions 

A. Früh1, P. Leißa2, D. Tkatschenko1, P. Vajkoczy1, S. Bayerl1 

1Charité – Universitätsmedizin Berlin, Klinik für Neurochirurgie, Berlin, Deutschland 
2Universität Witten/Herdecke, Witten, Deutschland 

Objective 

Adjacent segment stenosis can occur after lumbar fusion surgery, leading to significant discomfort and pain. If 
further surgeries are required, the choice of the operative technique is an individual decision. It is still uncertain 
whether patients with adjacent spinal stenosis without obvious instability should be treated via decompressive 
surgery alone or decompression and fusion. 

Methods 

We included patients with adjacent segment stenosis after lumbar fusion. Patients with spinal deformity and/or 
obvious instability were excluded. All patients were divided into two groups according to the surgical technique, 
that has been used: (1) treated via microsurgical decompression (MDG), (2) decompression and fusion of the 
adjacent segment (FG). Primary outcome was the need for further lumbar surgery. Patient reported outcome 
was measured via Numerical Rating Scale (NRS), SF-36, Oswestry disability Index (ODI), Pittsburgh Sleep Quality 
Index (PSQI) and Allgemeine Depressions Skala before surgery and after 1 year. 

Results 

36 patients with a median age of 72 years were included. 86.1 % of patients suffered from a proximal adjacent 
segment stenosis and most common level was LWK3/4 (50 %). 61.1 % of included patients developed adjacent 
segment stenosis after fusion of one single lumbar segment. 16 patients were included in MDG and 20 patients 
in FG. Both groups benefited from surgical decompression and there was no significant difference concerning 
Outcome scores after 1 year or the need of follow-up surgeries (3 in MDG vs. 5 in FG, p = 0.439). In the MDG the 
Health-related Quality of life (ΔSF-36-KSK = 3.9 (0.4-5.8); ΔSF-36-PSK = 3.4 (-0.3-7.7) and sleeping quality 
improved (ΔPSQI = -1 (-5-0)). Pain decreased (ΔNRS = -3 (-7-0)) and pain associated disability index decreased 
from severe disability (ODIMDG,priorsurgery = 51 (34-58)) to moderate disability (ODIMDG,followup = 30 (14-46)). 

Conclusion 

The present study indicates that decompression may not be inferior to decompression and fusion in patients 
suffering from degenerative adjacent segment stenosis without obvious signs of instability after lumbar fusion in 
short-term follow-up. However, long term-results are pending. 
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Bedeutung der zusätzlichen kontralateralen Arthrektomie für das segmentale sagittale Alignment beim 
monosegmentalen MIS TLIF 
Impact of additional contralateral arthrectomy on segmental sagittal alignment in monosegmental MIS TLIF 
surgery 

S. Telentschak1, E. Früchtl1, M. Perrech1, N. von Spreckelsen1, M. Lenschow1, J. Pieczewski1, D. M. Czybulka1, R. 
Goldbrunner1, V. Neuschmelting1 

1Universitätsklinikum Köln, Zentrum für Neurochirurgie, Köln, Deutschland 

Objective 

The benefit of investing the additional surgical effort in contralateral arthrectomy during minimally invasive TLIF 
surgery is unclear. We aimed to analyze the impact of bilateral arthrectomy (BA) on restoring segmental sagittal 
alignment and lordosis compared to unilateral arthrectomy (UA) in degenerative MIS TLIF surgery. 

Methods 

We retrospectively screened 119 patients with lumbar degenerative disease who underwent single level dorsal 
percutaneous navigated instrumentation and MIS TLIF surgery between 2017-2021 at our spine center and 
reviewed their perioperative clinical records. Pre- and postoperative standing radiographs of the spine were 
compared by Surgimap®. Statistics were expressed as mean ± standard deviation and differences considered 
significant when p <0.05. 

Results 

We could enclose 23 monosegmental MIS TLIF cases who underwent MIS TLIF with BA and 81 with UA with 
suitable clinical data, including 13 BA patients and 27 UA patients that received suitable pre- and postoperative 
standing spine radiographs. We found a significant gain of segmental lordosis (2.1° ± 5.3°) and a significant 
reduction of spondylolisthesis (2.8 ± 2.2mm) from pre- to postoperatively in the UA group as well as in the BA 
group (4.3° ± 5.4° and 2.4 ± 1.9 mm respectively, each p <0.05), but there was no significant difference between 
the UA and BA group. The mean intraoperative blood loss was significantly increased in the patients who 
underwent BA (803  ± 347 ml) compared to the UA patients (437 ± 207 ml, p <0.001) and the mean surgery 
duration was significantly longer for the BA patients (240 ± 48 min) than in the UA (197 ± 37 min, p = 0.001). No 
significant difference was found between the two groups regarding demographic and clinical parameters as well 
as intraoperative adverse events nor early postoperative complications. 

Conclusion 

Our data on monosegmental MIS TLIF surgery for patients with lumbar degenerative disease and 
spondylolisthesis demonstrated the additional contralateral arthrectomy to be a safe procedure, but without 
additional benefit in restoring the segmental sagittal alignment or lordosis compared to unilateral arthrectomy. 
Due to an increased intraoperative effort and blood loss the indication for BA needs to be set carefully for 
selected cases, i.e. symptomatic bilateral high grade foraminal stenosis that cannot be sufficiently addressed by 
unilateral indirect decompression. 
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Die Bedeutung der Röntgen-Funktionsaufnahme in sitzender Inklination in der Diagnostik lumbaler Instabilitäten 
– ein Vergleich mit seitlichem Röntgen im Stehen und konventionellem MRT 
The role of sitting flexion radiography to detect lumbar instability – comparison with neutral standing x-ray and 
supine MRI 

L. Mühlhausen1, J. Lohmann1, R. Kothe1, S. Opitz2, K. Schöller1 

1Schön Klinik Hamburg-Eilbek, Spinale Chirurgie, Hamburg, Deutschland 
2Schön Klinik Hamburg-Eilbek, Fachzentrum für Radiologie, Hamburg, Deutschland 

Objective 

The optimal imaging modality to detect lumbar instability remains controversial. Flexion-extension X-rays are 
often used in clinical practice, but have their limitations due to poor reproducibility and underestimation of 
segmental motion in symptomatic patients. Comparison of supine MRI scans with standing radiographs seems to 
have a higher sensitivity. We hypothesize that the use of a sitting flexion X-ray in addition to MRI/standing 
radiography offers a benefit to detect lumbar instability. 

Methods 

Retrospective analysis of adult patients with known lumbar spondylolisthesis (SL) who received a sitting flexion 
X-ray (FRad, Fig. 1) according to a standardized protocol in addition to routine standing neutral radiography 
(NRad) and supine lumbar MRI (SMRI) between 04/2020 and 12/2020. For every lumbar segment with a SL we 
calculated a ratio (slip percentage; SP) of anterior displacement relative to the length of the caudal vertebral 
body. The SP was compared between SMRI vs. NRad as well as SMRI vs. FRad to determine the rate of instable 
(≥8% difference) SL. Furthermore, the disc angle (DA; angle between inferior and superior end plates of the 
cephalad and caudal vertebral bodies) was measured. The presence of facet joint effusions on axial MRI was 
analyzed overall and in segments with instable SL. 

Results 

N=98 patients (f: n=50) with a median age of 73 years were included in the study. N=155 SL segments were 
analyzed; the most commonly affected segment was L4/5. The overall mean SP was 11.1%±6.5% in SMRI, 
11.4%±6.7% in NRad, and 15.5%±7.2% in FRad (p=0.0001). In L4/5 (n=72) we found a SP of 12.4%±6.5% in SMRI, 
12.1%±6.7% in NRad, and 16.6%±7.2% in FRad, whereas in L5/S1 (n=12) the SP was 15.0%±6.2% in SMRI, 
16.3%±6.6% in NRad, and 19.7%±6.7% in FRad. An instable SL was detected in 9.7% of segments when SMRI and 
NRad was compared, and in 25.3% when SMRI was compared with FRad (p=0.0005). The overall mean DA (n=36 
analyzed segments) was 6.0°±4.1° in SMRI, 7.0%±4.3% in NRad, and 4.0%±4.2% in FRad (p=0.49). In 65% of 
segments facet joint effusion could be detected overall, and in 60% of patients with instable SL. 

Conclusion 

Sitting flexion radiography seems to offer a benefit in addition to comparison of neutral standing X-ray and 
supine MRI in the detection of lumbar translational instability. Facet joint effusions did not correlate with 
instability in our cohort. 

Fig. 1: Exemplary FRad imaging (left) and standardized setup (right). 
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Kombinierter xALIF plus XLIF in Rechtsseitenlage zur mehrsegmentalen interkorporellen Fusion bei 
lumbosakralen degenerativen Erkrankungen 
Combined anterior plus extreme lateral lumbar interbody fusion (xALIF + XLIF) in the right lateral decubitus 
position for multilevel lumbosacral degenerative disease 

S. Telentschak1, E. Früchtl1, M. Perrech1, N. von Spreckelsen1, M. Lenschow1, J. Pieczewski1, D. M. Czybulka1, R. 
Goldbrunner1, V. Neuschmelting1 

1Universitätsklinikum Köln, Zentrum für Neurochirurgie, Köln, Deutschland 

Objective 

Anterior and lateral lumbar Interbody fusion techniques (ALIF and XLIF/LLIF) may enable a favorable degree of 
lordosis and indirect decompression than conventional techniques (PLIF and TLIF), in the lumbosacral transition 
in particular. Recently, the ALIF in lateral decubitus position (xALIF) has been introduced proposing to allow for 
additional multilevel XLIF without repositioning of the patient, yet data on the feasibility of the combined xALIF 
plus XLIF technique, its limitations and advantages is scarce. We report our first experience with the novel 
minimally invasive xALIF+XLIF technique in a single-position for multilevel fusion. 

Methods 

In a prospective observational case series we reviewed the clinical records of patients with multilevel 
lumbosacral degenerative disease who underwent combined xALIF of at least L5/S1 and XLIF of at least one 
additional level from L1 to L5 between 03/2020 – 12/2021 at our spine center. A retrospective matched patient 
cohort treated conventionally with corresponding multilevel TLIF served as reference. All patients received 
bilateral pedicle screw placement. Pre- and postoperative standing radiographs of the spine were compared by 
Surgimap®. Statistics were expressed as mean ± standard error of the mean. 

Results 

The combined xALIF plus XLIF approach was performed in six cases so far (mean 2.2 segments per patient). A 
gain of lordosis per segm. was noted by mean 8 ±1.7° while the matched retrospective TLIF cohort demonstrated 
a mean of 2 ±1.8°. The increase of intercorporal height at the trailing edge amounted to mean 2.2 ±0.9 mm in 
the xALIF+XLIF group (1.4 ±1.2 mm in the TLIF cohort). The mean intraoperative blood loss with 263 ±80ml per 
segm. in the xALIF+XLIF patients appeared relatively less than in the TLIF cohort (595.8 ±143.8 ml/segm.). The 
mean surgery duration of the xALIF+XLIF treated patients was 146 ±16 min./segm. (TLIF cohort: 159.4 ±18.2 
min./segm.). The xALIF+XLIF patients stayed 10.2 ±2.5 d in the hospital (TLIF cohort: 12.5 ±5 d). No increased 
incidence of adverse events or complications was noted due to the xALIF+XLIF approach compared to TLIF 
surgery. 

Conclusion 

We found the novel combined xALIF plus XLIF technique in a single lateral position for the lumbosacral multilevel 
fusion to be feasible, safe and promising with regard to sparing blood loss and favorable radiographic results in 
reference to multilevel TLIF. Further studies are needed with regard to long term clinical outcome. 
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Robotisch assistierte, minimal invasive laterale single position lumbale interkorporelle Fusion (MI-LLIF)-
monozentrische Erfahrung 
Robotic assisted, minimally invasive single position prone lateral interbody fusion (MI-LLIF) – a single centre 
experience 

A. Alfarra1, N. El Hindy1 

1St. Christophorus Krankenhaus Werne, Periphere Nerven und Wirbelsäulenchirurgie, Werne, Deutschland 

Objective 

Opposite to the common transpsoas approach in the lateral decubitus position followed by dorsal screw 
fixation we adopted a minimally invasive robotic assisted single prone position approach for the treatment of 
adult degenerative and inflammatory diseases of the spine. We want to share our early experience utilizing this 
technique. 

Methods 

All cases operated with this technique between April and October 2021 were prospectively evaluated. A 
planning computed tomography (CT) was performed one day prior the operation, followed by screw and cage 
planning and transfer of the data to the robot. Intraoperative matching was accomplished by 2-D fluoroscopy. 
 Screw placement, followed by lateral cage placement was performed by a single surgeon utilizing robotic 
navigation. Beside demographic data, underlying pathology, intra- and postoperative complications, abortion of 
robotic navigation, postoperative x-ray, the duration of hospitalization after operation, as well as single level 
transpsoas retractor time were evaluated. 

Results 

21 adult Patients (14 females and 7 males) were treated using this technique. The indication for surgery was 
predominantly degenerative adult deformity (19 Patients) and Spondylodiscitis (2 patients). The mean age of the 
patients was 64.1 (range 32-82) years. A total of 38 levels were operated, most frequently L3/4 (n = 14) followed 
by L2/3 (n = 12), L4/5 (n = 11) and L1/2 (n = 1), respectively. There were no intraoperative complications. None 
of the robotic assisted procedures had to be aborted. Access related complications were observed in 2 Patients 
(9.5 %) who suffered from transient post-operative lumbar plexus palsy with motor weakness which completely 
resolved until 3 months follow up. Only one patient had to be revised (4.7 %) because the cage was placed too 
lateral. The mean duration of hospitalization after the operation was 6.3 (range 4-12) days. Mean retractor time 
was 13.7 (range 8.4-19.2) minutes in comparison to a prior case series of the same surgeon without robotic 
navigation of 18.6 (range 12.2-21.4) minutes. 

Conclusion: 

Conclusion 

Our early results and experience of the robotic assisted (MI-LLIF) technique is promising. It is a safe and practical 
alternative to the staged procedure. The reduction of the retractor time, as well as the usage of the familiar 
prone position seem to be a real advantage. 
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Automatische Planung von lumbalen Pedikelschrauben: Vergleich eines Deep Learning-basierten mit einem 
kommerziellen Atlas-basierten Ansatz 
Automated planning of lumbar pedicle screws – comparison of a self-derived deep learning-based to a 
commercial atlas-based approach 

M. Scherer1, L. Kausch2, B. Ishak1, K. Kiening1, J. O. Neumann1, K. Maier-Hein2, A. W. Unterberg1 

1Universitätsklinikum Heidelberg, Neurochirurgische Klinik, Heidelberg, Deutschland 
2DKFZ Heidelberg, Medical Image Computing, Heidelberg, Deutschland 

Objective 

The application of Artificial Intelligence is a hot topic in neurosurgery. We recently described a deep learning-
based (DL) approach to automated planning of pedicle screws which facilitates navigated or robotic pedicle 
screw placement. The aim of this study was to compare accuracy of a self-derived DL approach to a 
commercially available atlas-based (AB) system for pedicle screw planning. 

Methods 

From a consecutive registry of CT-navigated instrumentations, we randomly selected 24 cases with 102 screws 
placed in L2-L5 for analysis. Using the Brainlab® iPlan Spine App, screw planning was manually performed by two 
independent raters which defined the ground truth (GT) for screw positions and dimensions. Additionally, screws 
were planned using the DL approach and the Brainlab® iPlan Spine automatic planning tool, which is an atlas-
based planning algorithm for pedicle screws. Using a Python script, both automatic planning results were 
compared to the GT. Screws were compared by mean absolute differences (MAD) of respective head and tip 
points (in mm) and their angular deviation (in degree) in 3D space. Results were evaluated in comparison to 
interrater variability of manual screw planning.  

Results 

Automatic planning was successful in all 102 screws with the DL approach and in 82/102 (80%) with the AB 
approach. Compared to the GT, MADs in DL planning for angular deviation, head and tip points were 5.5±3.2°, 
4.4±2.6mm and 3.8±1.9mm, respectively. For AB planning, corresponding MADs were 8.4±6.8°, 10.9±5.7mm and 
11.8±10.7mm, respectively. Interrater variance for manual screw planning was 5.3±3.2°, 4.6±1.8mm and 
3.9±1.8mm, respectively. Evaluated MADs for DL planning were statistically comparable to interrater variance of 
manual screw planning (p=0.62). AB planning exhibited significantly greater differences compared to either DL 
(p<0.001) and interrater variability (p<0.001), respectively.  

Conclusion 

DL based screw planning was confirmed with convincing accuracy compared to the GT in all targeted screws. 
Moreover, DL screws were indifferent to interrater variance of manual screw planning. In contrast, AB screw 
planning was feasible in a majority of targeted cases but showed inferior results that would need post-
processing prior to screw implantation. DL based applications appear as a promising approach to automated 
screw planning given the frequent anatomic variations of the spine severely limiting the accuracy of AB systems. 
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Monosegmentale zervikale Fusion – beeinflusst Virtual Reality die Evaluation chirurgischer Ergebnisse im 
Vergleich von Fusion mit Cage und mit Cage und Platte 
Monosegmental cervical fusion – Does virtual reality impact the evaluation of surgical result in comparison of 
stand-alone cage and cage-with-plate 

S. Zawy Alsofy1,2, M. Nakamura2,3, C. Ewelt1, K. Kafchitsas4, T. Fortmann1,2, H. Welzel Saravia1, E. Suero5, S. 
Schipmann5, R. Stroop2 

1St. Barbara-Klinik Hamm-Hessen, Hamm, Deutschland 
2Universität Witten/Herdecke, Witten, Deutschland 
3Kliniken der Stadt Köln, Köln, Deutschland 
4Asklepios Orthopedic Clinic Lindenlohe, Schwandorf, Deutschland 
5Universitätsklinikum Münster, Münster, Deutschland 

Objective 

Nach ventraler Dekompression einer monosegmentalen zervikalen spondylotischen Stenose kann ein Stand-
alone-Cage (SC) oder ein Cage-mit-Platte (CP) zur Fusion eingesetzt werden. Die postoperative radiologische 
Beurteilung kann mit verschiedenen Bildgebungsmodalitäten erfolgen. Wir verglichen retrospektiv 
Komplikationen sowie klinische und radiologische Ergebnisse für beide Fusionstechniken und analysierten die 
mögliche Rolle der virtuellen Realität (VR) bei der Bewertung der postoperativen Ergebnisse. 

Methods 

Einhundertundsiebzehn Patienten wurden eingeschlossen (SC/CP: 54/63). Komplikationen, sowie klinische und 
radiologische Ergebnisse beider Fusionstechniken wurden verglichen. Computertomographie (CT)-Aufnahmen 
wurden über VR dargestellt, um die kleinste Querschnittsfläche des intervertebralen Neuroforamens in der 
lateralen Resektionsregion zu messen und den Grad der intersegmentalen Verknöcherung zu beurteilen. 

Results 

Es gab keine signifikanten Unterschiede zwischen den beiden Fusionstechniken in Bezug auf perioperative 
Komplikationsraten, Fusionsraten oder Schmerzparameter (visuelle Analogskala (VAS) der Armschmerzen, 
Nackeninvaliditätsindex). Es wurden jedoch Vorteile hinsichtlich Cageeinsinkens, Kyphosewinkel und VAS der 
Nackenschmerzen bei der Verwendung der CP gegenüber der SC festgestellt. Bei Verwendung der VR-Technik 
gab es keinen signifikanten Unterschied zwischen den beiden Fusionstechniken hinsichtlich der mittleren Größe 
der Querschnittsfläche des Neuroforamens am Ende der Nachuntersuchung. 

Conclusion 

Aufgrund der langfristigen Vorteile der CP-Fusion bevorzugen wir eine monosegmentale zervikale 
Wirbelsäulenfusion mittels CP. Die Rekonstruktion von postoperativen zweidimensionalen CT-Bildern in 
dreidimensionale Bilder und die räumliche und anatomische Darstellung in VR-Modellen verbesserten die 
Beurteilung der postoperativen Ergebnisse. 
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Intraoperative Depression der Schulter sollte bei ventralen zervikalen Eingriffen vermieden werden um 
postoperative C5-Paresen zu reduzieren – Eine prospektive Multicenter-Studie in 1,244 Patienten 
Shoulder depression should be avoided during anterior cervical surgery to reduce postoperative C5 nerve root 
palsy – a prospective multicentric cohort study with 1,244 patients 

S. Ille1, S. M. Krieg1, F. W. Floeth2, A. Wagner1, P. Vajkoczy3, C. Thomé4, S. Siller5, S. Maurer6, A. Joedicke6, E. 
Török7, M. Stoffel7, S. O. Eicker8, M. Richter9, B. Meyer1 
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Objective 

Anterior cervical discectomy and fusion (ACDF) and cervical vertebral body replacement of (VBR) are associated 
with a relatively low rate of complications. Yet, C5 nerve root palsy (C5P) is a severe one, ranging from 3 to 15% 
of patients referring to current literature. Its pathogenesis remains unclear despite various theories and studies. 
Our hypothesis was that intraoperative shoulder depression contributes significantly to this severe complication. 

The aim of the present study was to prospectively examine the incidence and pathogenesis of postoperative C5P 
after anterior cervical surgery via a multicentric approach focusing on this very question. The participating 
centers were blinded to the main objective of the study in order not to bias their standard procedure. 

Methods 

From 2018 to 2021, 9 spine centers prospectively included 1,244 patients (58.5% men, mean±SD age 57±13 
years) suffering from degenerative or traumatic diseases of the cervical spine undergoing ACDF of VBR. 
Standardized examination was performed preoperatively, one day postoperatively, day of discharge, and 2 
months postoperatively. 

Results 

Overall, postoperative C5P occurred in 3.94% of cases. Of those, 20 were transient and 29 permanent. Patients 
with C5P were significantly older (p=0.002) while gender, body-mass-index, and secondary diagnoses could not 
be identified as predictors. Besides significant differences in radiological measures, patients with C5P underwent 
surgery with longer incision-to-suture times (p<0.0001) and more levels (p<0.0001). The duration of shoulder 
depression had a significant impact on C5P (p=0.002), without clear cut-off value in maximum tolerable time. 

Conclusion 

The occurrence of C5P after anterior cervical surgery is 3.94%. Our hypothesis that C5P is associated with 
prolonged intraoperative shoulder depression was confirmed and should be avoided in order to decrease the 
risk of C5P. 
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Das neurochirurgische Management von petroclivalen und sphenopetroclivalen Meningeomen – ein 
maßgeschneiderter individueller Behandlungsweg basierend auf dem zu erwartendem Outcome 
One size does not fit all – tailoured individualised treatment approaches for petroclival and sphenopetroclival 
meningiomas based on differences in expected outcome 

F. Behling1, C. Fodi2,3, J. B. Honegger2, M. Tatagiba1 

1Universitätsklinikum Tübingen, Klinik für Neurochirurgie, Tübingen, Deutschland 
2Universitätsklinikum Tübingen, Klinik für Neurochirurgie, Tübingen, Deutschland 
3Universitätsklinikum Tübingen, Klinik für Neurologie, Tübingen, Deutschland 

Objective 

The neurosurgical treatment of petroclival and sphenopetroclival meningiomas is complex and challenging. 
Depending on the size and tumor extension surgical management can be very different. Therefore individualized 
surgical approaches, sometimes multi-staged, are necessary. 

Methods 

We present our clinical experience with primary petroclival and phenopetroclival meningiomas, that were 
treated in our institution between 11/2003 and 03/2017. The distribution of clinical parameters, outcome data 
as well as management algorithms are described. 

Results 

Forty-four petroclival and twenty-four sphenopetroclival meningiomas were analyzed. A two-staged surgery was 
done for 10/24 sphenopetroclival and for 1/44 petroclival meningiomas. The extent of resection was Simpson 
grade 4 for all sphenopetroclival meningiomas, mainly due to cavernous sinus invasion, while some petroclival 
meningiomas could be resected with more radicality (13/44 Simpson grade 1-3). Atypical meningiomas were 
more often diagnosed in sphenopetroclival meningiomas (20.8% compared to 4.6%, p=0.0347). A mean follow-
up of 43.26 months showed a recurrence rate of 31.6% for petroclival and 72.2% for sphenopetroclival 
meningiomas, respectively (p=0.0043). A significant prognostic difference in favor of petroclival compared to 
sphenopetroclival meningiomas was also observed in the Kaplan-Meier analysis (p=0.0406). 

Conclusion 

The outcome of the surgical treatment of petroclival and sphenopetroclival meningiomas shows marked 
differences in favor of petroclival tumor location due to microsurgical accessability and tumor biology. An 
individualized approach to the neurosurgical management of petroclival and sphenopetroclival meningiomas is 
important. 
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Neues Klassifikationssystem für petroklivale Meningeome basierend auf 123 Fällen 
New classification system for petroclival meningiomas based on 123 cases 
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Objective 

The goal of the retrospective study is the evaluation of risk factors for postoperative neurological deficits after 
petroclival meningioma (PCM) surgery with special focus on standard craniotomies. 

Methods 

One-hundred-twenty-three tumor surgeries were performed in 111 patients with primary and recurrent PCM 
using a retrosigmoid (n=104) or a subtemporal/ pterional (n=19) approach. The postoperative course was 
analysed according to a new 4-grade classification system, based on tumor specific features (consistency, 
surface, arachnoid cleavage, localization). Patient specific factors (age, gender) and tumor specific factors were 
evaluated with respect to pre- and postoperative cranial nerve (CN) deficits, gross total resection, morbidity and 
mortality. 

Results 

For the analysis of the extent of resection the data of the whole group was available. In type I tumor patients 
(n=56, soft tumor consistency, smooth surface, plane arachnoid cleavage, and unilateral localization), gross total 
resection (GTR) was achieved in 76.8%, whereas in type IV patients (n=17, firm tumor consistency, bilateral 
localization, with smooth or cauliflower surface, and w/ or w/o arachnoid cleavage) GTR was only possible in 
35.3%. The difference in resectability between the type I group and all others (n=67) was significant (p=0.002). 
Influential features for resection were tumor consistency (p<0.001), size (p=0.009) and cavernous sinus 
infiltration (p<0.001). For the analysis of postoperative cranial nerve deficits, the data of 112 tumor surgeries in 
101 patients were available (96 retrosigmoid and 16 subtemporal/ pterional approach). The best outcome was 
observed in type I tumor patients (n=54) with 11.1% new CN deficits in comparison to all others (n=58) with 
36.2% (p=0.008). Factors associated with a better cranial nerve outcome were tumor consistency (p = 0.038) and 
tumor location (p = 0.016). The morbidity and mortality rates for the whole group were 15.3% and 1.8%, 
respectively. 

Conclusion 

Standard craniotomies as the retrosigmoid or subtemporal/pterional approaches are suitable in most of the PCM 
cases. Besides tumor location, the genuine tumor specific features determine the resectablility of the tumor and 
the outcome of the patients. 
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Radiochirurgie bei parasagittalen Meningiomen 
Radiosurgery for parasagittal meningiomas 
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3CHU La Timone, Neurosurgery, Marseille, Frankreich 

Objective 

Parasagittal meningiomas are benign tumors which are dreaded for their surgically hardly accessible location 
with respect to infiltration of superior sagittal sinus. Treatment options of most of benign parasagittal 
meningiomas are radical microsurgery, debulking followed by radiosurgery or radiosurgery as first treatment 
option. 

We report on the efficacy of Gamma Knife radiosurgery (GKRS) for the treatment of parasagittal meningiomas, 
comparing these major skull base subgroups with respect to infiltration of the sagittal sinus 

Methods 

From 15 participating centers under the auspices of the european Gamma Knife Society, we performed a 
retrospective observational analysis of a cohort of 237 benign meningiomas treated with GKRS. 

All were treated with Gamma Knife radiosurgery at least 5 years before assessment for this study. Clinical and 
imaging data were retrieved from each center and uniformly entered into a database by 1 author (A.S.). A 
comparative analysis is presented. 

Results 

192 patients harboring 237 meningiomas treated in fifteen institutions recruited were evaluated. 157 were 
parasagittal meningiomas without sinus infiltration 80 showed no sinus infiltration. The median age was 58 years 
old. The median tumour volume was 4.00 cc. The median tumour margin dose to the 50 % isodose line was 14.2 
Gy. The median cumulative imaging follow-up was 60 months. The detailed results from 210 meningiomas (88%) 
were available for analysis. The actuarial control rate was 92% at 5 years post GKRS. The permanent morbidity 
rate was 8.1%. 

A main limitation is the retrospective nature of data retrieval. 

Conclusion 

Radiosurgery is a safe and not invasive method of treatment of parasagittal meningiomas and the large number 
analyzed shows a high imaging tumor control and low morbidity rate even in the medium to long-term. 

Different control rates are observed for those tumors showing sinus infiltration. 
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Die Beziehung von Tumorgröße, Hirnödem und einem DNA methylierungsbasierten Klassifikationssystem für 
Meningeome 
Relationship between tumour size, edema and a DNA methylation-based grading system for meningiomas 
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Objective 

Recent studies have found that methylation classes (MC) of meningiomas are highly predictive for tumor 
recurrence and are more precise for risk stratification than the current WHO classification. However, no 
association has been shown between meningioma tumor size and MC. The objective of this study was to 
investigate the relationship between tumor size, edema, and MC. 

Methods 

DNA-methylation patterns meningiomas were grouped into MC benign 1 through 3 (ben-1, ben-2, ben-3), MC 
intermediate (int-A and int-B), and MC malignant (MAL) like in previous publications described. A 3D-volumetry 
for tumor and edema size was calculated for each patient. Tumor progression was evaluated in serial MRI scans. 
Univariate and multivariate logistic regression models were used to investigate the relationship between MC, 
edema, and tumor size. 

Results 

In 144 patients the incidence of MC ben-1, ben-2, ben-3, int-A, int-B, and MAL was 34 (23.6%), 44 (30.6%), 7 
(4.95%), 48 (33.3%), 6 (4.2%), and 5 (3.5%), respectively. Higher rates of edema were found in the two MC 
intermediate compared to the three MC benign [Mean 17.2cm³; Range 0-112.8cm³ vs 8.5cm³; Range 0-92.8cm³ 
(P=0.047)]. In this line, tumor volumes were higher in MC intermediate compared to MC benign [Mean 38.3cm³; 
Range 1.1-157.0cm³ vs 19.9cm³; Range 0-184.1cm³ (P=0.002)]. Early tumor progression was observed in 13 
patients [Median 23 months (P25-75: 17 months to 52 months)]. Independent factors for early tumor 
progression were higher MC class (OR: 5.51 / 95% CI: 1.62-18.71; P=0.06), higher tumor volume (OR: 1.02 / 95% 
CI: 1.01-1.04; P=0.037), and higher Simpson grade (OR: 1.96 / 95% CI: 1.01-3.82; P=0.047). 

Conclusion 

Larger tumor and edema size are associated with a greater likelihood of a MC intermediate. Independent factor 
for early progression are higher MC class, higher tumor volume, and higher Simpson grade. 
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Nahinfrarot-Fluoreszenzgestützte Resektion von Meningeomen mittels zielgerichtetem Somatostatinrezeptor 
Typ 2 Fluoreszenzfarbstoff 
New Somatostatin Receptor Type 2 (SSTR II)-targeted probe for near infrared fluorescence guided meningioma 
surgery 
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Objective 

Meningioma mostly recur at the primary resection site demanding improvement in the intraoperative tumor 
visualization and surgical technique. This study aims to develop a highly specific and sensitive optical method for 
intraoperative meningioma imaging to guide the resection. Fluorescent dyes in the near infrared (NIR I, 700-
1000nm) and shortwave infrared (SWIR, 1000-2000nm) allow detection by suitable cameras up to few 
millimeters in depth in real time. Our objective is to invent a fluorescent NIR I and II probe specifically targeting 
the somatostatin receptor type 2 (SSTR2) reliably overexpressed in meningioma independently of WHO grade 
and subtype.  

Methods 

We synthesized a SSTR2 specific probe by linking a somatostatin analogue (TATE, Tyr(3)Thr(8)-Octreotid), to a 
new developed dye (sNIR). Its optical properties are comparable to indocyanine green and stability as well as 
bleaching kinetic were tested in vitro. To evaluate pharmacokinetics and biodistribution the probe was 
intravenously injected in native mice and detected by a custom built camera setup focusing on physiologically 
overexpressing SSTR2 tissues validated by immunohistochemistry (IHC). As proof-of-principle fluorescence 
guided tumor resection was performed in an ectopic and orthotopic meningioma IOMM-Lee mouse model.  

Results 

The SSTR2-sNIR probe is stable in aqueous solution up to 12h with favorable optical properties regarding 
kinetics, biodistribution and photostability compared to its IRDye800 analogue. In vivo, we observed a highly 
specific physiological signal uptake in the gastric epithelium and pancreas (both are highly expressing SSTR2 on 
IHC) compared to autofluorescence and negative controls. Given the moderate SSTR2 expression in the 
preclinical meningioma model we could still detect a mean tumor-to-normal-tissue ratio of 1.97 (n = 3; SD 0.63) 
in the ectopic and of 4.75 (n = 5; SD 1.33) in the orthotopic meningioma mouse model, respectively, allowing the 
fluorescence guidance to be feasible. 

Conclusion 

Our preclinical results demonstrate that the newly developed SSTR2-targeted fluorescent probe is stable in 
various biological media over time and capable of specifically targeting the SSTR2 in vitro and in vivo potentially 
enabling sensitive and specific meningioma fluorescent guided surgery in the future.  

Figure: A: Specific signal 3h after targeted sNIR injection compared to controls. B: TATE-sNIR signal in an 
orthotopic meningioma 6h after injection. C: IHC with patchy expression of SSTR2. 
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Fig. 1 
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Qualitätsindikatoren in der Meningeomchirurgie Analyse der Tauglichkeit der bestehenden gängigen 
Qualitätsindikatoren 
Quality indicators in meningioma surgery – analysis of the suitability of currently suggested quality indicators 
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Objective 

Risk stratification based on standardized quality measures has become crucial in neurosurgery. Contemporary 
quality indicators have often been collectively developed for a wide range of neurosurgical procedures. While 
these indicators are easy to register, their accuracy for tumor inherent characteristics of patients diagnosed with 
meningioma remain questionable. The objective of this study was the analysis of currently applied quality 
indicators in meningioma surgery and the identification of potential new measures. 

Methods 

Data of 133 patients that were operated due to meningioma between 2017 and 2019 were subject to analysis. 
The primary outcomes of interest were classical quality indicators such as the 30-days readmission-, 30-day 
reoperation-, 30-day mortality-, 30-day nosocomial infection- and the 30-day surgical site infection rate. The 
occurrence of a new postoperative neurological deficit was analyzed as a potential new quality indicator. 

Results 

36 males and 97 females with a median age of 60 years (range: 22-91 years), in mainly good general condition 
(91% with ECOG 0-1), were included. The overall unplanned readmission rate was 3.8%, 13 patients were 
reoperated within 30 days (9.8%). The main reason for readmission was CSF-fistula (n=2, 60%), whereas 
postoperative hemorrhage was the most common indication for revision surgery (n=7, 54%). In multivariate 
analysis, nosocomial infections (OR=16.64, 95%-CI=2.63-102.25, p=.003) and depression (OR=10.96, 95%-
CI=1.51-79.35, p=.018) could be identified as risk factors for 30-day reoperation. The 30-day nosocomial 
infection- and surgical site infection rates were 6.8% and 1.5%, respectively. The 30-day mortality rate was 0.8 % 
(n=1).  A postoperative new neurological deficit or neurological deterioration was observed in 12 patients (9.0%). 
The edema volume on preoperative scans has proved to have a significant impact on the occurrence of a new 
postoperative neurological deficit (OR=1.011, 95%-CI=1.001-1.021, p= .023). 

Conclusion 

Classical quality indicators in neurosurgery have proved to correlate with considerable deterioration of the 
patient´s health in meningioma surgery and thus are recommended for application in meningioma patients. The 
occurrence of a new postoperative neurological deficit is common and procedure specific. Thus, this measure is 
recommended to be applied as a complementary quality indicator in meningioma surgery. 

 
 



 

60 

 

Meningeome/Meningiomas 

V046 

 
Die Kombination aus dem FORGE Score und histopathologischen Diagnosekriterien des atypischen Meningeoms 
ermöglicht eine Risikostratifizierung hinsichtlich der Tumorprogression 
Combining FORGE score and histopathological diagnostic criteria of atypical meningioma enables risk 
stratification of tumour progression 

J. Wach1, T. Lampmann1, Á. Güresir1, H. Vatter1, A. Becker1, M. Hölzel1, M. Toma1, E. Güresir1 

1Universitätsklinikum Bonn, Klinik und Poliklinik für Neurochirurgie, Bonn, Deutschland 

Objective 

More than 50% of atypical meningiomas regrow within 5 years after surgery. FORGE (FibrinOgen, C-Reactive 
protein, Gender, tumor Edema) score is a newly created tool to preoperatively estimate the MIB-1 index in 
cranial meningiomas. In this investigation, we aimed to assess the predictive value of the FORGE score in 
combination with major diagnostic criteria of atypical meningioma (brain invasion, mitotic count ≥ 4) regarding 
recurrence in atypical meningiomas. 

Methods 

We included patients operated on primary atypical meningiomas in our center from 2011 to 2019. The 
retrospective study included 71 patients (58% women, median age 63 years). The inclusion criteria of this study 
were histopathologically confirmed meningioma, an age greater than 18 years, the availability of neuropathology 
reports (MIB-I, mitotic count, CD68+ staining), tumor morphology data and availability of serum as well as 
plasma inflammatory laboratory values (fibrinogen & C-reactive protein). 

Results 

Receiver operating characteristic curves revealed a superiority of FORGE score combined with histopathological 
diagnostic criteria of atypical meningioma (AT-FORGE) in the prediction of tumor progression compared to 
FORGE score only (Area under curve (AUC): 0.72; 95% CI: 0.54–0.91, cut-off: ≥5/<5, sensitivity: 75%, specificity: 
78%). Patients with an AT-FORGE score ≥ 5 had a shorter time to tumor progression (32.8 vs. 71.4 months, p < 
0.001) in the univariable analysis. Multivariable cox regression analysis revealed significant predictive value of 
Simpson grade > II, presence of multiple meningiomas and AT-FORGE score ≥ 5 for tumor progression. 

Conclusion 

The combination of histopathological diagnostic criteria for atypical meningioma with FORGE score might 
facilitate an effective identification of patients with an atypical meningioma who have an increased risk of tumor 
progression. 
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Perifokalödem bei Meningeompatienten korreliert mit Beeiträchtigung der funktionellen Konnektivität im 
resting-state fMRT 
Perifocal edema in meningioma patients is correlated with impaired whole brain connectivity as detected by 
resting-state functional MRI 
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Objective 

Resting-state functional MRI (rsfMRI) can be used to assess whole brain functional connectivity and has been 
shown to serve as a marker for disease severity in glioma patients. However, it is unclear whether extraaxial 
tumors such as intracranial meningeomas might lead to comparable effects. In addition, the role of perifocal 
edema indicating irritation and potential dysfunction of the adjacent brain remains to be determined. Here, we 
investigated whether meningeomas with and without preoperative perifocal brain edema lead to impaired 
functional connectivity. 

Methods 

Patients with suspected meningioma were prospectively included. Data of preoperative functional resting state 
MRI were processed according to our recently published protocol and individual abnormality of functional 
connectivity was quantified. This was correlated with both tumor and edema volume as well as MOCA test score 
as an indicator of neurocognitive performance. Correlations were analysed with Spearman"s test, in addition a 
generalized linear model (GLM) was used. 

Results 

29 patients were included, 14/29 patients had perifocal edema. There was a highly significant positive 
correlation of edema volume and abnormal functional connectivity (p=0.0174, r=0.41976, in GLM p=0.0002). In 
contrast, tumor volume was not correlated with abnormal functional connectivity in a GLM, therefore no 
statistically significant association with tumor volume was found. Interestingly, there was a highly significant 
correlation between better neurocognitive performance as indicated by MOCA test scores and lower 
abnormality of functional connectivity (p=0.0203, r=-0.44425; GLM p=0.0023). 

Conclusion 

In meningioma patients rsfMRI showed a significant correlation between abnormal functional connectivity and 
perifocal edema but not with meningioma volume. Better neurocognitive function was associated with less 
abnormal functional connectivity. This might indicate that in meningioma patients perifocal edema is one main 
driver of functional relevant impairment of whole brain connectivity as detected by rsfMRI. 
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Subarachnoidalblutung und symptomatische Aneurysmen – Einfluss der SARS-CoV2-Pandemie auf Inzidenz und 
Outcome in einem neurovaskulären Maximalversorger 
Subarachnoid haemorrhage and symptomatic aneurysms – influence of the SARS-CoV2 pandemic on incidence 
and outcome in a neurovascular maximum provider 
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Objective 

To assess the impact of the SARS-CoV2-pandemic on the incidence, the outcome and the course of treatment of 
subarachnoid hemorrhages and aneurysms at a tertiary medical center. 

Methods 

We performed a matched-case-study on neurovascular emergencies treated between March 16th 2020 and 
January 31st 2021, beginning of the first lock down to the near-end of the second lockdown in Germany. Cases 
were retrospectively analyzed with respect to incidence and outcome of the subarachnoid hemorrhage and the 
symptomatic, cerebral aneurysms, and finally compared to a matching cohort of cases between March 16th 
2019 to January 31st 2020. 

Study protocol was approved by the ethics committee of the associated medical faculty. 

Results 

A total of 764 neurosurgical emergencies were admitted to our hospital between March 16th 2019 and January 
31st 2020 (the matched-case-control group). Of these, 39 cases were identified as symptomatic aneurysms and 
SAH. 

During the period of the pandemic from March 16th 2020 to January 31st 2021, there were 905 neurosurgical 
emergencies (an increase of 18%) referred to our hospital. Of these, 47 symptomatic aneurysms and SAH were 
identified (+20%). 

The number of severely affected cases (Hunt and Hess 5) increased significantly by 40%, and the number of 
patients with extensive bleeding in the computed tomographic diagnosis (Fischer 4) increased by 63%. 
Accordingly, the need for external ventricular drainage (EVD) systems increased by 6.3%. Symptomatic 
vasospasm occurred 1,6 times more frequently during the pandemic (19.5% vs. 12%). 

Mortality rate increased dramatically by 83% in all during the pandemic during the pandemic 

Conclusion 

Unexpectedly, the number and severity of subarachnoid hemorrhages and symptomatic aneurysms increased 
during the pandemic. Overall, the course and outcome of SAB and symptomatic aneurysms seem to have 
become more complicated during the pandemic. The increase in the incidence and severity of the cases, as well 
as the increased occurrence of vasospasms - in patients who only tested negative - cannot be explained by 
central nervous involvement of the SARS-CoV2 infection. Rather, it must be assumed that the lockdown will 
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result in an accumulation of cases in houses with maximum care. Our data show the need to maintain 
neurovascular competence in hospitals with maximum care even in extreme situations such as lockdown due to 
the corona pandemic. 
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Blood pressure and outcome after aneurysmal subarachnoid haemorrhage 
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Objective 

Blood pressure management is crucial in the treatment of patients with aneurysmal subarachnoid hemorrhage 
(aSAH). Possible association between the blood pressure increase and the risk of delayed cerebral ischemia (DCI) 
and different systemic complications after aSAH is still a matter of debate. This study aims to elucidate the 
influence of blood pressure levels on the outcome of aSAH. 

Methods 

All consecutive aSAH patients (n=690) treated between 01/2003 and 06/2016 were included. The mean value of 
the mean arterial pressure (MAP) during 14 days after ictus was calculated for each individual. According to the 
institutional standards of vasospasm management, the mean 14 days MAP ³ 95mmHg was referred as increased 
(IMAP) and the patients with and without vasospasm were analyzed separately. Study endpoints were the 
occurrence of DCI on computed tomography scans, development of cardiac and nephrological complications, 
and poor outcome 6 months after aSAH (mRS >2). Associations were tested in univariable/multivariable binary 
logistic regression analysis.  

Results 

IMAP was documented in 474 (68.7%) cases and was more common in individuals with poor neurological 
conditions at admission (p<0.001), severe amount of intracranial blood (p=0.001) and premorbid hypertension 
(p<0.001). IMAP independently predicted occurrence of DCI (p=0.014; aOR =2.97; 95% CI 1.25-7.09) and poor 
functional outcome (p=0.020; aOR =3.14; 95% CI 1.20–8.22) in patients with vasospasm, but not in counterparts 
without vasospasm (p=0.113/p=0.086). IMAP had no influence on cardiac or nephrological complications. 

Conclusion 

In aSAH individuals with cerebral vasospasm, sustained increase of blood pressure exceeding the therapeutic 
targets is strongly associated with the risk of DCI and poor outcome. Therefore, such an intrinsic increase of 
blood pressure might reflect the autoregulatory mechanisms against the impending cerebral ischemia in patients 
with cerebral vasospasm. 
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Frühe Lokalisation vom "tissue at risk" für verzögerte zerebrale Ischämie nach aneurysmatischer 
Subarachnoidalblutung: Blutverteilung in der initialen Bildgebung versus frühe CT Perfusion 
Early localisation of tissue at risk for delayed cerebral ischemia after aneurysmal subarachnoid haemorrhage – 
blood distribution on initial imaging vs. early CT perfusion  

V. Malinova1, B. Kranawetter1, S. Tuzi1, V. Rohde1, D. Mielke1 
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Objective 

Delayed cerebral ischemia (DCI) is a potentially reversible complication after aneurysmal subarachnoid 
hemorrhage (aSAH), if early detected and treated. A reliable localization of tissue at risk for DCI is crucial for the 
implementation of focal monitoring. Computer tomography perfusion (CTP) is widely used for identification of 
tissue at risk for DCI. While perfusion deficits can be reliably detected at the time of DCI, early perfusion changes 
before the occurrence of DCI are much subtle. The aim of this study was to compare the predictive power of 
early CTP with the blood distribution on initial CT for an early localization of tissue at risk for DCI. 

Methods 

A consecutive cohort of aSAH-patients treated from 2012 to 2020 was retrospectively analyzed. The blood 
distribution on initial CT was semi-quantitatively evaluated using the Hijdra-score and was documented for each 
basal artery with a higher score indicating a higher amount of blood surrounding the artery. The vessel territory 
with the highest surrounding blood amount was considered at risk for DCI. The vessel territory with early 
perfusion deficits detected on CTP performed on day 3 after ictus was considered at risk for DCI. The vessel 
territory with delayed infarction (DI) was compared with the anticipated vessel territory at risk for DCI by CTP 
and by the subarachnoid blood distribution, respectively. 

Results 

A total of 324 patients were included. DI occurred in 17% (56/324), 71% (40/56) of whom had DI within one 
vessel territory and 29% (16/56) had multiple infarctions. Perfusion deficits were detected in 82% (46/56) of the 
patients with DI. An accurate prediction of the vessel territory with infarction was achieved in 85% of the 
patients with early perfusion deficits (39/46). In 46% (25/56) a vessel territory at risk for DCI could be 
determined by the subarachnoid blood distribution, in 77% (19/25) of whom the territory with DI was consistent 
with the predicted vessel territory et risk for DCI. The overall detection rate of tissue at risk was 63% for early 
CTP and 36% by subarachnoid blood distribution. A combination of both resulted in a detection rate of 84%. 

Conclusion 

Early CTP showed a higher overall detection rate of tissue at risk for DCI compared to a risk stratification 
according to blood distribution on admission CT. Especially in patients without early perfusion deficits a 
consideration of subarachnoid blood distribution may be supportive for identification of vessel territories at risk 
for DCI. 
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Myokardschädigung nach aneurysmatischer Subarachnoidalblutung (aSAB) – Ist die cisternale Blutverteilung von 
Bedeutung und kann erhöhtes Troponin I innerhalb der ersten 10 Tage auf cerebrale Vasospasmen bei Patienten 
mit aSAB hindeuten? 
Myocardial injury after aneurysmatic subarachnoidal haemorrhage (aSAH) – Does cisternal blood distribution 
matters and can elevated cTroponin I within 10 days after ictus indicate cerebral vasospasm in patients with 
aSAH? 

P. Shalchian-Tehran1, A. E. Hartmann1, A. Baumann1, T. Annecke2, M. Nakamura1 
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Objective 

Myocardial injury in patients with aneurysmal subarachnoid hemorrhage (aSAH) is due to intrinsic, excessive 
secretion of catecholamines by the autonomic nervous system (ANS), which is controlled amongst others by the 
insula, the anterior cingulate cortex and brainstem. Lesions like infarction or intracranial bleeding (ICH) within 
these locations can disturb and lead to elevated sympathetic tone with cardiac consequences, which may be 
detected by cardiac troponin I (cTroponin I).  It is well-known that cTroponin I show its peak during the first three 
days.  The course of cTroponin I within the first 10 days after ictus can be affected by ANS and studies about 
blood distribution within the cranial cisterns and its impact on the ANS are lacking. 

Methods 

We performed a prospective, monocentric study and subgroup analysis of pts with aSAH with daily 
measurements of cTroponin I (cut-off <26.2ng/l) for the first 10 days after ictus. Comparison between 
troponinemia and cisternal blood distribution or coincidental intracerebral hemorrhage (ICH). Pts with history of 
cardiac diseases, renal insufficiency and sepsis were excluded. 

Results 

57 pts were enclosed since 03/2020 at our institution. Troponinemia within the first 10 days after ictus were 
seen in 37 pts with aSAH (64%). There was a detection of subarachnoid blood within the insular cisterns in 46 pts 
(80%). Of these, 69% had elevated cTroponin I (n=32 versus n=14 with normal cTroponin I). In pts without insular 
involvement the interpeduncular cistern seems to be concomitant with elevated cTroponin I, which may be due 
to close contact to the brainstem (54% vs 45%). Troponinemia is not more involved in patients with concurrent 
ICH (15 pts aSAH+ICH vs 22 pts. aSAH-ICH). Cerebral vasospasm have been proven in 15 out of 57 pts. Here 
cTroponin I was elevated in 9 out of 15 pts. (60%) within 72 hours before vasospasm could be detected on digital 
subtraction angiogram (DSA). 

Conclusion 

Pts with aSAH and involvement of the insular cistern and the interpeduncular cistern present increased 
cTroponin I levels. Concomitant ICH in pts with aSAH does not lead to troponinemia more often. Continuous 
measurements of cTroponin I can indicate cerebral vasospasms in DSA in pts with aSAH within 72 hours. 
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Die Zisternenlavage eliminiert die prädiktive Bedeutung des Hirnödems für verzögerte Infarkte nach 
Subarachnoidalblutung 
Cisternal lavage eliminates the predictive significance of brain edema for delayed infarction after subarachnoid 
haemorrhage 

P. Fistouris1, C. Scheiwe1, J. Grauvogel1, I. Csok1, J. Beck1, P. C. Reinacher1, R. Rölz1 

1Universitätsklinikum Freiburg, Klinik für Neurochirurgie, Freiburg i. Br., Deutschland 

Objective 

The initial burden of brain edema has recently been proposed to be an important predictor of delayed cerebral 
infarction (DCI) in patients with aneurysmal subarachnoid hemorrhage (aSAH). In the present study, we aim to 
further analyze the pathophysiological relevance of brain edema by comparing the association of edema and DCI 
in patients before vs. after cisternal lavage – an effective method for clearing the amount of blood in the 
subarachnoid cisterns – was implemented. 

Methods 

All consecutively treated aSAH patients between 10/2010 and 10/2019 were included. 68 patients with early 
mortality (<96h) were excluded. The primary endpoint -Delayed Cerebral Infarction- was assessed using the 
Vergouwen criteria. Cerebral edema was assessed using the Subarachnoid Hemorrhage Early Brain Edema Score 
(SEBES) on the initial head CT scan. Neurological outcome was determined using the modified Rankin Scale 
(mRS) 6 months after ictus. Multiple covariates were taken into consideration and uni- and multivariate logistic 
regressions were performed for both BEFORE (no cisternal lavage available) and AFTER (cisternal lavage 
available) cohorts. Odds ratio, regression coefficients and 95% confidence intervals were calculated. Pearson"s 
correlations Chi-squared test was performed to evaluate the association between DCI and mRS. 

Results 

A total of 524 (m/f ratio 1:2.06) patients with aSAH were included in our study. Mean age of patients was 57.1 
years (SD: ±13.2). Cisternal lavage was introduced in 10/2015 and was applied in 31.6% (n=70 of 221) patients 
considered at high risk for DCI. DCI was detected in 19.1% of patients BEFORE cisternal lavage was implemented 
(n=60/313) vs. 8.6% (n=19/221) in the AFTER cohort. SEBES Score ≥ 2 was positively associated with the 
development of DCI (p<0.05) in the BEFORE cohort. This association was no longer present AFTER 
implementation of cisternal lavage. A higher blood amount (Hijdra Score) and WFNS score, as well as presence of 
aSAH-associated intracerebral hemorrhage were also risk factors for the development of DCI. There was a strong 
positive association between DCI and poor outcome (mRS 4-6) at 6 months (Chi-squared test p<0.001). 

Conclusion 

The current study shows that the predictive association of edema and DCI is lost, when the root cause of DCI, i.e. 
the blood in the basal cisterns, is effectively removed. Thus, we conclude that brain edema might be regarded as 
an indicator of the severity of the bleed but is not causally related to the development of DCI. 
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Klinische und radiologische Ereignisse während der Early Brain Injury Phase sind ein wichtiger Prädiktor für 
Morbidität und Mortalität nach aneurysmatischen Subarachnoidalblutungen 
Clinical and radiological events during early brain injury are an important predictor of morbidity and mortality 
after subarachnoid haemorrhage 

D. M. Donaldson1, B. B. Hofmann1, D. Hänggi1, S. Muhammad1 

1Universitätsklinikum Düsseldorf, Klinik für Neurochirurgie, Düsseldorf, Deutschland 

Objective 

To date, management and research in aneurysmal subarachnoid haemorrhage (aSAH) have focused on 
prevention and treatment of vasospasm to prevent poor outcome. However, mortality and morbidity of aSAH 
have not been significantly improved. Recently, there has been increasing interest in the concept of early brain 
injury (EBI). With this work, we aim to identify clinical and radiological features occurring in the first 72 hours 
after haemorrhage that predict poor outcome and mortality. 

Methods 

We retrospectively analysed 11 variables that occurred within the first 72 hours after haemorrhage in 144 
patients. A multivariable logistic regression model was used to model dichotomised patient outcome according 
to the mRS (good vs. poor). Fisher"s exact test was used to analyse the significance of these variables on 
mortality within 30 days (dead vs alive). Odds ratios were calculated from contingency tables and tested with 
Fisher's exact test. Wilcoxon rank-sum test was used to compare the median of 2 groups. Difference in AUC was 
tested using Delong's test. 

Results 

Early changes within the first 72 hours of aSAH can predict poor outcome more reliably than initial WFNS-Score 
(AUC = 0.94 vs. 0.83, p = 0.0007) and DCI (AUC = 0.94 vs AUC = 0.70, p < 0.0001). The most reliable predictors for 
a poor outcome were early ischemic lesions without evidence of vasospasm (OR = 16.6, 95% CI = 5.7-59.6, p < 
0.0001), early clinical deterioration within the first 24 hours of admission (OR 10.2, 95% CI 4.3-26, p < 0.0001) 
and signs of increased intracranial pressure such as anisocoria (OR = 6.8, 95% CI = 2.0-29.4, p = 0.0003). Overall 
mortality in this cohort was 14.6%. Only 5% of these patients had DCI, whereas 95% had early complications 
occurring within the first 72 hours of bleeding. Patients who died had significantly higher intraparenchymal 
blood volume (median 14.1 ml vs 0 ml, p = 0.002) and significantly higher midline shift on CT scan at admission 
(median 3.1 mm vs 0.3 mm, p < 0.0001). Early ischemic lesions were associated with higher mortality (OR = 13, 
95% CI = 4.2-52.3, p < 0.0001), while DCI and vasospasm were not (OR = 0.23, 95% CI = 0.005-1.61, p = 0.2). 

Conclusion 

The severity of EBI appears to be a more important factor contributing to the high morbidity and mortality in 
aSAH. Future research should focus on the mechanisms contributing to EBI to find a potential therapeutic option 
to prevent disastrous complications in these patients. 
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Der Zusammenhang zwischen induzierter Hypertension und dem optimalen zerebralen Perfusionsdruck und 
dessen Einfluss auf zerebrale Infarkte und das Outcome nach aneurysmatischer Subarachnoidalblutung 
Interaction of induced hypertension with optimal cerebral perfusion pressure and impact on delayed cerebral 
infarction and outcome after aneurysmal subarachnoid haemorrhage 

B. Kranawetter1, T. Sheri1, O. Mörer2, D. Mielke1, V. Rohde1, V. Malinova1 

1Universitätsmedizin Göttingen, Neurochirurgische Klinik, Göttingen, Deutschland 
2Universitätsmedizin Göttingen, Anästhesiologie, Göttingen, Deutschland 

Objective 

The preservation of cerebral perfusion is one of the main goals during the acute management of patients with 
aneurysmal subarachnoid hemorrhage (aSAH) with the aim of preventing delayed cerebral infarctions (DCI). The 
calculation of additional parameters such as the pressure reactivity index (PRx) has been demonstrated to be 
useful for defining the optimal cerebral perfusion pressure (CPPopt), which was associated with better outcome 
after traumatic brain injury. The role of CPPopt in aSAH-patients, especially, in those with induced hypertension 
(IHT), has not been determined yet. The aim of this study was to investigate the interaction of IHT with CPPopt 
and its impact on the incidence of DCI and on functional outcome after aSAH. 

Methods 

A retrospective analysis of a consecutive cohort of aSAH-patients with invasive intracranial pressure (ICP) 
monitoring from 2012 to 2020 was performed. PRx was calculated as the correlation coefficient of ICP and mean 
arterial pressure (MAP), whereas the CPPopt was the CPP-value at the lowest PRx-value. The incidence of DCI 
was documented. Functional outcome was assessed according to modified Rankin scale (mRS) at 3-month-follow 
up. The deviation of the actual CPP from CPPopt during the first two weeks after ictus was calculated and 
correlated with IHT, DCI-incidence and mRS at 3-months-follow up. 

Results 

ICP-monitoring was performed in 28% (93/324) of all patients. The mean age was 54.2 years. A higher WFNS-
grade (4-5) had 64.5% (37/93) of the included patients. IHT was performed in 62.4% (58/93) with an average 
start on day 6 and a mean duration of 4.5 days. The CPPopt was significantly higher during IHT (p<0.0001). DCI 
occurred in 28% (26/93) of the patients. A larger deviation of actual CPP from CPPopt before the start of IHT was 
associated with higher DCI-incidence (r=0.44, p=0.02). There was a trend for a higher DCI-incidence with lower 
CPPopt during IHT (r=-0.24, p=0.06). A larger deviation of actual CPP from CPPopt during IHT was associated with 
higher mRS (worse outcome), r=0.32, p=0.02. 

Conclusion 

IHT had a significant influence on the CPPopt in our cohort. A larger deviation of actual CPP from optimal CPP 
was associated with a higher DCI-incidence and with worse outcome, compared to the patients with CPP near to 
the estimated CPPopt. According to our results, the estimation of CPPopt seems to be useful for guidance of IHT 
and preservation of optimal cerebral perfusion during the acute management of aSAH patients. 
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Visuell evozierte Potentiale der vier halb-retinalen optischen Bahnen zum visuellen Cortex bei Patienten mit 
Subarachnoidalblutung mit Vasospasmen 
Measurements of the Visual Evoked Potentials (VEP) of the four optic halfretino-occipital tracts in patients with 
acute Aneurysmatic Subarachnoid Haemorrhage (aSAH) and vasospams 

A. E. Hartmann1,2, M. Manu2, T. Annecke3,4, P. Shalchian-Tehran5,2, Z. Cinibulak1,5, K. Sadowy1,5, U. Limper5,4, M. 
Nakamura1,5,2 

1Kliniken der Stadt Köln, Neurochirurgie, Köln, Deutschland 
2Krankenhaus Köln-Merheim, Klinikum der Universität Witten/Herdecke, Klinik für Neurochirurgie, Köln, Deutschland 
3Krankenhaus Köln-Merheim, Klinikum der Universität Witten/Herdecke, Klinik für Anästhesiologie und operative Intensivmedizin, Köln, 
Deutschland 
4Kliniken der Stadt Köln, Anästhesiologie und operative Intensivmedizin, Köln, Deutschland 
5Krankenhaus Köln-Merheim, Klinikum der Universität Witten/Herdecke, Köln, Deutschland 

Objective 

VEP provide informations about the integrity of the optic tract stretching from the eyes to the visual cortex. In 
unconscious patients half-field retinal stimulation is not possible. However, separated eye stimulation with 
separated bi-hemispheric recording allows individual recording of activity of the nasal and temporal fibers from 
each geniculate body to the occipital lobe. The relation between occpital lobe function and cerebral blood flow 
as determined by TCD is unknown. 

Methods 

Unilateral stimulation (1,1 Hz, 16 mA) of both eyes with light pads (19 LED lights/pad ); separate recording of 
VEP-latency (VEP-L) at Oz, O1 and O2 for the crossing and uncrossing fibers of the optic radiation. Estimation of 
VEP-L peaks N75 (N1), P 100 (P2) and P140 (P3). 

Out of 29 patients with repeated measurements of VEP 10 pts. with aSAH (unconscious) underwent repeated 
VEP-L measurements from day 2 on. Recognition of vasospasms by daily TCD and by DSA. 

Results 

34 VEP-L measurements were performed in 20 eyes. 6/10 pts developed DSA proven vasospasms (VS) in vascular 
territories independent of aneurysma location. Normal VEP-L values (no VS and infarcts) were measured as 80 + 
4.6 (N1), 106 + 5.7(P1) and 146 + 8.3 ms (P2) - with best recognition for P1. In 3/6 patients with VS these were 
localized in the posterior vascular territories. In 3 pts. VEP-L increased during the VS-phase and 2 of these 
patients developed cerebral infarcts in the posterior circulation territories. 

Conclusion 

VEP-Latency measurements allows recognition of significant functionally relevant ischemic condition due to 
vasospasms in patients with SAH and may contribute to select a specific therapeutic regimen. It is possible to 
measure the integrity of the crossing (nasal) and uncrossing (temporal) fibers from the geniculate body to the 
occipital lobe for each eye. This provides relevant informations for the therapeutic regimen of patients with 
subarachnoid hemorrhage before and during development of vasospasms. 
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Was sind die Todesursachen von Langzeitüberlebenden nach kindlichem Medulloblastom? Eine Meta-Analyse 
der ursachenspezifischen Mortalität 
Why do long-term survivors of childhood medulloblastoma die? A meta-analysis on cause-specific late mortality 

H. J. Mijderwijk1, D. Hänggi1, C. Munoz-Bendix1, T. Beez1 

1Universitätsklinikum Düsseldorf, Klinik für Neurochirurgie, Düsseldorf, Deutschland 

Objective 

Long-term survival in children suffering from medulloblastoma is commonly evaluated with analysis reporting on 
all-cause mortality. There is a paucity on analyses that report on cause-specific mortality in these patients. Yet, 
this is highly relevant regarding duration of follow-up and imaging surveillance. We performed a proportional 
meta-analysis on cause-specific mortality in long-term childhood medulloblastoma survivors. 

Methods 

A comprehensive systematic literature search was performed on Medline, Embase, Web of Science, Cochrane 
and Google Scholar. Children suffering from medulloblastoma surviving at least 5 years after diagnosis were 
labelled as long-term survivors and eligible for inclusion in the analysis accordingly. Cause-specific mortality was 
divided into 1) recurrence or progression of medulloblastoma; 2) subsequent neoplasms; 3) other health-related 
causes not a result of medulloblastoma; 4) and miscellaneous causes (accidents, suicide, unknown causes). 
Analysis on the pooled data were performed using JBI SUMARI. 

Results 

Of the 344 identified studies, 4 studies reported on cause-specific mortality in long-term childhood 
medulloblastoma survivors. Cause-specific mortality data among 1917 patients was available. The pooled 
proportion of the random effects models equaled 0.121 (95% CI 0.103 – 0.141) for death related to recurrence 
or progression of medulloblastoma, 0.033 (95% CI 0.020 – 0.047) for death related to subsequent neoplasms, 
0.034 (95% CI 0.002 – 0.097) for other health-related causes of death, and 0.018 (95% CI 0.000 – 0.065) for 
miscellaneous causes of death (Forrest plots, Figure 1 and 2). 

Conclusion 

This meta-analysis shows that circa 12% of long-term medulloblastoma survivors may die from tumor recurrence 
or progression. Death resulting from subsequent neoplasms or other (health-related) causes of death was less 
common, each <5%. To reduce late mortality, life-long guidance and personalized follow-up including imaging 
surveillance by health care professionals seems indicated. 
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Maximale Resektion als signifikanter Faktor in der Behandlung des Glioblastomes bei Kindern 
Gross total resection as a significant factor in the treatment of infant Glioblastoma 

H. Gull1, M. Darkwah Oppong1, O. Gembruch1, L. Rauschenbach1, A. Santos Saint Romain1, R. Jabbarli1, P. 
Dammann1, N. Oezkan1, K. H. Wrede1, U. Sure1, Y. Ahmadipour1 

1Universitätsklinikum Essen, Klinik für Neurochirurgie und Wirbelsäulenchirurgie, Essen, Deutschland 

Objective 

Malignant gliomas are the most frequently fatal disease among children and adolescents. However, they are rare 
as they account for only 1% of all cancerous diseases in patients under 18 years. In Germany, glioblastoma 
(GBM) in this age group amounts to 60 cases per year. A standard radio- and chemotherapy, as well as surgical 
procedure, is not optimized so far. Surviving children show more therapy-associated side effects in the long run. 
This study aimed to investigate the course of glioblastoma in children. 

Methods 

Medical records of children (age < 15 years) with GBM treated in our institution between 2006 and 2018 were 
analyzed regarding demographic-, clinical-, molecular characteristics, and outcome. Univariate and multivariate 
analyses were performed to determine significant coherences (p-value ≤ 0,05 was considered statistically 
significant). 

Results 

Of 889 patients treated for GBM from 01/2006 to 12/2018, 20 were younger than 15 years old with a mean age 
of 8.65 (± 4.97 SD). The male to female ratio was 1.22: 1. Pregnancy and birth were passed uncomplicated in all 
cases. All patients who did not die in the early postoperative period (n= 16) underwent radiotherapy and 
chemotherapy after surgical treatment. The extent of tumor resection represented the most prominent 
prognostic factor for overall survival (OS) in univariate and Cox regression analyses (p < 0.001). Eight patients 
underwent a gross total resection (GTR), 7 underwent a subtotal resection, and 5 had a stereotactic biopsy (SB). 
After GTR and adjuvant radio- and chemotherapy, the mean OS was 54.50 months (± 71.21 SD). While the mean 
OS after subtotal resection (STR) was only 1.21 months (± 0.39 SD), the mean OS in the group achieving a SB 
amounted 5.6 months (± 4.34 SD). GTR was significantly correlated with a longer patients" overall survival (Log 
Rank p < 0.001). 

Conclusion 

Despite the same histology, OS differs between children and adults with GBM. The findings of our database 
indicate that STR shows no advantage over SB for younger patients. Further investigations are urgently needed 
to establish standard management of glioblastoma in children. 
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Chirurgisches Outcome von Kindern mit Shaken-Baby-Syndrom (SBS) – Analysen einer institutionellen Fallserie 
Surgical outcome of children diagnosed with Shaken Baby Syndrome (SBS) – an institutional case series 

F. Knerlich-Lukoschus1, H. C. Ludwig1, H. C. Bock1 

1Universitätsmedizin Göttingen, Neurochirurgie Schwerpunkt Kinderneurochirurgie, Göttingen, Deutschland 

Objective 

Treatment of non-accidental head trauma remains challenging. We analyzed our institutional SBS-cases with 
focus on the surgical neurological outcome. 

Methods 

Our electronic databank was screened for patients diagnosed with SBS. Clinical parameters, imaging findings and 
surgical procedures were gathered. The clinical-neurological outcome was assessed by King"s Outcome Scale for 
Children Head Injury (KOSCHI). 

Results 

Thirty-five patients were included. Main age was three months (age range 0.5 to 10 months). All patients 
exhibited subdural hematoma (SDH). On MRI, there was additional intraparenchymal bleeding in thirteen, 
traumatic subarachnoid hemorrhage in six, intraventricular bleeding in one, generalized brain edema in one, and 
localized cortical ischemic areas in three patients. Clinically, most children (n = 20) presented with macrocephaly 
(> P97). Half of the children presented with a tense fontanelle. Further, epileptic seizures, reduced alertness, and 
lethargy occurred frequently. In 20%, there was a need of assisted or controlled breathing. In 71% retinal 
bleeding and in 26% of the cases obvious signs of trauma were documented. In 38%, bony fracture was found on 
plain x-ray. Initial surgical treatment included drainage via burr hole (n = 9), subduro-peritoneal shunt (n = 18) 
and craniotomy (n= 4). Four children were treated conservertively. Regarding revisions, most cases acquired 
several draining procedures. In the shunt-treated group, three children needed revision due to valve-occlusion. 
After craniotomy, four re-operations became necessary due to recurrence of SDH. Regarding the clinical-
neurological outcome, only 31% of the affected children exhibited a good and 41% a moderate recovery score 
(KOSCHI). Sixteen percent suffered from severe impairments, 9% exhibited apallic syndrome, and one child died 
due to associated severe brain injury. Concerning development of the head circumference as one further 
outcome measure, normalization occurred in 14/20 patients over time (< 90P, > P25). In four children, the head 
circumference followed P97, two children with residual brain atrophy developed microcephalic.  

Conclusion 

SBC is a severe condition. Surgical treatment options appear simple. However, SBS associated SDH often 
required several surgical procedures. Thereby, the neurological outcome seems to be more related to the 
primary diffuse brain injury and less to the surgical treatment paradigm.  
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Die Rolle von IL-1beta/IL-1R1 und TNF-alpha/TNF-R1 bei offenen spinalen Dysraphien 
Perspective on IL-1beta/IL-1R1 and TNF-alpha/TNF-R1 in open spinal dysraphism 

F. Knerlich-Lukoschus1, J. Held-Feindt2, M. Synowitz2, A. K. Blumenröther2, B. Drucks2, J. P. Sürie2, G. Cohrs2 

1Universitätsmedizin Göttingen, Neurochirurgie Schwerpunkt Kinderneurochirurgie, Göttingen, Deutschland 
2Universitätsklinikum Schleswig-Holstein, Campus Kiel, Kiel, Deutschland 

Objective 

Defining molecular targets for adjuvant therapies is one prerequisite to stabilize and improve the clinical and 
neurological outcome of myelomeningocele (mmc) repair-surgeries. We provide an overview of our findings on 
the expression-profiles of specific pro-inflammatory cytokines in neuroplacodes on fetal (rat), perinatal (rat), and 
early postnatal (human) time-points as well in the context of long-term mmc-sequelae. 

Methods 

In a first approach, pro-inflammatory cytokines and chemokines were investigated in human MMC-tissue 
fragments obtained during initial mmc-surgeries. Thereby, IL-1beta/IL-1R1 and TNFalpha/TNF-R1 were 
consistently found on elevated level in mmc-tissues compared to respective controls. To investigate if these 
mediators might become detectable in the prenatal time-course, similar studies* were performed in the retinoic 
acid mmc-rat model. Time-dated Sprague-Dawley rats received all-trans retinoic acid (RA; 60 mg/kg) at E10. 
Control animals received olive oil only. Fetuses were investigated at E16, E18, and E22. We than examined the 
expression of pro-inflammatory mediators in spinal tissue, which was obtained during surgeries of patients who 
suffered from secondary tethered cord syndrome in their later clinical course after MMC-repair surgeries. *To 
examine the cellular and anatomical expression patterns of different cytokines and chemokine, 
immunohistochemical procedures were applied. Amounts of expression were determined semi quantitatively by 
densitomtry and real-time RT-PCR. 

Results 

IL-1beta/IL-1R1 and TNFalpha/TNF-R1 were found on elevated immunhistochemical and mRNA-level in mmc-
tissue on time-points of the later rat fetal development and in the early time-course after birth. These mediators 
were also detectable on high level in specimens obtained during un-tethering surgeries, which were performed 
in the later time-course of the affected 

Conclusion 

Pro-inflammatory cytokines presumably play a role in molecular cascades that are induced in the neuroplacodes 
during the late fetal development und probably support pathomechanisms underlying later mmc-associated 
sequelae. Since available biopharmaceutical agents that counteract TNF-alpha or IL-1beta activity have also 
beneficial effects in spinal cord injury, these cytokines provide potential targets in future approaches to protect 
neural components of the placode and prevent development of sequelae like secondary tethered cord 
syndrome. 
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Zerebrale Aneurysmata in einer pädiatrischen Kohorte, Erfahrungen eines neurochirurgischen Zentrums 
Pediatric cerebral aneurysms – a single centre experience 

T. Finger1, S. Kashefiolasl1, J. Konczalla1, V. Prinz1, G. Marquardt1, H. Vatter2, T. M. Freiman3, M. Czabanka1 
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Objective 

To evaluate the treatment and outcome of pediatric patients with symptomatic cerebral aneurysms. 

Methods 

Retrospective analysis of all consecutive symptomatic pediatric patients that were treated with cerebral 
aneurysms between 1.1.2001 and 31.12.2021 in our institution. Size, location and morphology of the aneurysm 
as well as the treatment modality, the clinical condition as well as the outcome at the timepoint of the last 
follow up were evaluated.    

Results 

A total of 13 pediatric patients (age 11.2 +/- 6.9 y; 7 female and 6 male) with symptomatic cerebral aneurysms 
were treated during that time period.  A giant aneurysm was present in 3 patients, a mycotic aneurysm was 
diagnosed in 2 patients, a genetic predisposition was present in 2 patients, and 1 aneurysm was developed post 
traumatically. 10 of the 13 patients were admitted with subarachnoid hemorrhage (SAH). 9 patients (69%) were 
treated surgically, 4 patients (31%) via endovascular means. During the course of treatment 8 patients had to 
undergo decompression surgery (62%) due to the extent of the initial associated cerebral hemorrhage or due to 
a large cerebral infarction. 5 patients (38%) developed hydrocephalus with the need for a shunt implantation 
after 63.2 +/- 41.0 days.  6 patients (46%) developed a permanent epilepsy including 2 patients who had to be 
additionally treated with hemispherotomy in the longer follow up. During our follow up (10.3 +/- 6.5 y) one 
patient died (7.7%). 9 patients (69%) developed complications (3 wound infections, 3 recurrent aneurysm, 2 
bone flap necroses and 1 subdural hematoma). 5 patients had a GOS Score of 3, 2 patients a GOS score of 2 and 
5 patients a GOS score of 1. Patients with an SAH had a significant worse outcome (GOS 2.6 +/- 1.2 vs. 1.0 +/- 0; 
p=0.043). 

Conclusion 

Pediatric cerebral aneurysms are a severe, rare and heterogeneous disease. Although the mortality rate in the 
pediatric cohort was lower, the need for decompressive hemicraniectomy and the rate of permanent epilepsy 
seems to be higher than what has previously been published in the adult population. 
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Retrospektiver Vergleich der Langzeitfunktionalität und Revisionsrate von zwei verschiedenen Shuntventilen bei 
pädiatrischen und erwachsenen Patienten 
Retrospective comparison of long-term functionality and revision rate of two different shunt valves in pediatric 
and adult patients 
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Objective 

The most frequent therapy of hydrocephalus is the implantation of ventriculoperitoneal shunts for diverting 
cerebrospinal fluid from the ventricles into the peritoneum. We compared two adjustable valves, the proGAV 
and proGAV 2.0, for complications which resulted in revision operations. 

Methods 

Four hundred patients who underwent primary shunt implantation between 2014 and 2020 were analyzed for 
overall revision rate, one-year revision rate, revision free survival and overall survival observing patient age 
group, gender, etiology of hydrocephalus, implantation site, prior diversion of cerebrospinal fluid and cause of 
revision. 

Results 

All data were available of all 400 patients (female/male 208/192). Overall, 99 patients underwent revision 
surgery after primary implantation. ProGAV valve was implanted in 283 patients, proGAV 2.0 in 117 patients. 
There was no significant difference between the two shunt valves concerning revision rate (p=0.8069), one-year 
revision rate (p=0.9077), revision free survival (p=0.6921) and overall survival (p=0.3232). Furthermore, 
regarding one-year revision rate, we observed no significant difference between the two shunt valves in 
pediatric patients (40.7% vs 27.6%; p=0.2247). Revision operation had to be performed more frequently in 
pediatric patients (46.6% vs 24.8%; p=0.0093) with a significant higher number of total revisions with proGAV 
than proGAV 2.0 (55.9% vs. 27.6%; p=0.0110) most likely due to longer follow up in the proGAV -group. 

Conclusion 

According to the target variables we analyzed, aside from lifetime revision rate in pediatric patients there is no 
significant difference between the two shunt valves. From our subjective point of view, implantation of the 
newer proGAV 2.0 valve is preferable due to higher adjustment comfort for both patients and physicians. 
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Objective 

Mild traumatic brain injury (mTBI) is a very common injury in young people. It can be accompanied by structural 
damage to the brain which is typically detected using CT imaging. Here, we investigated how CT abnormalities 
and patterns relate to the long-term global functional outcome in young patients with mTBI. 

Methods 

All patients with mTBI (GCS 13-15) ≤24 years in the multi-center, prospectively collected, observational CENTER-
TBI study were included. Patient demographics, CT findings, and GOSE scores at 12 months follow-up were 
retrieved. Demographical, clinical, and radiographic characteristics were analyzed. The association between CT 
abnormalities and functional recovery was assessed using multivariable mixed ordinal and logistic regression 
models. 

Results 

A total of 462 eligible patients with mTBI and initial brain CT from 46 study centers in Europe were included. The 
median age was 19 (17-22) years, and 322 (70%) were males. CT imaging showed an intracranial pathology in 
171 patients (37%), most commonly subarachnoid hemorrhages, followed by contusions, and epidural 
hematomas. Patients with a positive CT scan were less likely to achieve a complete recovery 12 months 
postinjury than patients with a negative CT scan (54% vs. 77%). The presence of any CT abnormality was 
associated with both lower GOSE scores and incomplete recovery (GOSE <8) at 12 months follow-up, also when 
adjusted for demographical and clinical baseline factors.  

Conclusion 

In this study of young patients with mTBI, the presence of CT abnormalities was predictive of global outcome 12 
months after brain injury. This might help to identify patients at risk for an incomplete recovery who might 
benefit from early follow-up and additional care. 
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Objective 

In the pediatric age group the evidence regarding decompressive craniectomy (DC) is weak. Literature on 
pediatric cranioplasty is even more limited. Concerns are resorption of autologous bone flaps, skin breakdown 
and growth-related problems associated with synthetic implants. The relevance of DC and subsequent 
cranioplasty and the need for accurate and systematic data have led to the creation of the Pediatric Craniectomy 
& Cranioplasty Registry (PedCCR) under the auspices of ESPN. 

Methods 

After thorough literature review, gaps in knowledge and evidence were identified and the following aims for 
PedCCR were defined: 1) Compare surgical practices regarding indication, timing and operative technique in a 
large multicenter cohort. 2) Provide outcome data in a large multicenter cohort. 3) Establish risk factors for 
complications and cranioplasty failure based on systematic data reaching back as far as the initial injury. 

Results 

The PedCCR is a prospective, multicenter, open registry enrolling children (≤16 years) undergoing DC and/or 
cranioplasty for any pathology. A steering committee will assure good scientific practice. Standardized 
questionnaires were designed and data will be collected online in an electronic joint database, which is currently 
in the testing phase. The core set of data comprises case report forms for DC, cranioplasty and follow-up visits 
for at least 24 months, with follow-up forms being recommended until adulthood. Incident reporting forms can 
be submitted for any incident or unscheduled operation. All forms allow reporting of basic data even in the 
absence of the patient, i.e. by telephone interview or written contact to parents/carers/treating 
physicians/rehabilitation clinic. 

Conclusion 

The PedCCR sets out to answer highly relevant open questions regarding pediatric DC and cranioplasty by using a 
high-quality prospective approach. The registry proposal was designed to maximize scientific yield at reasonable 
effort for participating centers. Collaboration is highly appreciated to advance this project together, which is due 
to start enrolling patients in early 2022. 
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Durchführbarkeit von nTMS-basierter Sprachverständnis-Kartierungen bei Hirntumorpatienten mit ausgeprägten 
expressiven Aphasien: Serielle Fallstudie 
Feasibility of nTMS-based language comprehension mapping in brain tumour patients with severe expressive 
aphasia – a case series 
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Objective 

Objective: Pre- but also intraoperative language mapping predominantly relies on overt production tasks. 
However, many glioma patients present with highly impaired overt language production. Since the receptive 
language network may aid to assess the complexity of language more comprehensively in all patients, but also in 
patients with severe expressive aphasia, this pilot-study developed and examined the feasibility of a new 
comprehension task for pre- and intraoperative language mapping. As a first step, preoperative mapping by 
navigated transcranial magnetic stimulation (nTMS) was used. 

Methods 

Methods: Six brain tumor patients with severe expressive aphasia, unable to perform classical object naming, 
underwent preoperative language comprehension mapping. In this setup, patients had to identify 62 auditorily 
presented target items. While each was simultaneously depicted in a set of four black-and-white drawings on a 
screen, patients had to select the respective target item with a button-press. 

Results 

Results: All patients were able to perform the comprehension task during nTMS. In all cases stimulation-induced 
comprehension disruptions were observed such as searching behavior, no or delayed responses or selection of a 
wrong target item with a mean error rate of 18.3% (range: 11.6-25.4%) across 46 left-hemispheric target sites 
and marked as comprehension-positive cortical sites. 

Conclusion 

Conclusion: The present study demonstrated that a language comprehension mapping is feasible. This protocol 
allowed a nTMS-based preoperative assessment of cortical language-relevant sites in patients with severe 
expressive aphasia who cannot perform classical overt production tasks and will now be transferred to 
intraoperative testing. 
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Objective 

The developmental process of language dominance in children is the subject of current research with hints that 
this process may vary widely across individuals. Repetitive transcranial magnetic stimulation (rTMS) was used to 
examine language-involved cortical regions in adults. On the basis of the rTMS error rate, a ratio can be 
calculated for the assessment of language lateralization. However, little is known about the use of rTMS to study 
plasticity of language function in children with language-associated lesion. 

Methods 

In this feasibility study, a consecutive prospectively collected cohort of 12 children with language-associated 
lesion underwent bihemispheric rTMS mapping prior to surgery (with 100 stimulation sites on each hemisphere). 
The evaluation of the speech mapping was performed by 2 experienced investigators with many years of rTMS 
experience in a consensus-based manner. Feasibility and side effects were documented as well as the error rate 
and error category of each hemisphere. The rTMS-induced speech errors were assigned to the following 
categories: hesitation, performance, no response, phonological and semantic error. 

Results 

Repetitive TMS speech mapping was feasible in all 12 patients (median age: 12; range: 4-17) without any severe 
side effects. Eight patients (67%) had a tumor and 4 patients (33%) suffered from cortical dysplasia or perinatal 
stroke / hemorrhage. We observed rTMS-induced errors in both hemispheres in all children, with more errors in 
the left hemisphere (LH) (mean 7.8) compared with the right hemisphere (RH) (mean 4.6) (p = .005).  The three 
children with more / equal errors in the RH were older (median age: 17 years) than the 9 children with more 
erros in the LH (median age: 12.5 years; p = .092). The most common error category was hesitation error (LH: 
39%, RH: 43%). Interestingly, the frequency of no-response errors was nearly twice as high in the LH (22%) as in 
the right hemisphere (12%) (p = .001). 

Conclusion 

Bihemispheric rTMS speech mapping in children is feasible with significant more errors being observed on the 
left hemisphere. Plasticity of language function to the right hemisphere seems to develop rather in older 
children. Age- and localization-related analyses based on an increased number of patients is our aim to further 
address lesion induced plasticity of language function in children. 
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Objective 

Cortical silent periods (cSPs; i.e., temporary silencing of ongoing electromyographic activity), induced by paired-
pulse transcranial magnetic stimulation (pp-TMS), are a common measure of the excitability status of the motor 
cortex. We could previously show that pp-TMS applied during an overt language task can elicit cSPs in face/jaw 
muscles even outside cortical motor areas. Overall, a correlation between these cSPs with impaired task 
performance (i.e., naming) was observed, suggesting remote effects of pp-TMS on the speech network. We, 
therefore, hypothesized that there might be a direct structural connection between these language-associated 
areas and the primary motor cortex (M1). 

Methods 

pp-TMS and diffusion-weighted imaging data of nine right-handed volunteers (five males, median age: 30 years, 
range: 25-41 years) were analyzed. FSL and MRtrix were used for probabilistic tractography. The diffusion-
weighted images were denoised and corrected for susceptibility, motion, and eddy-induced distortions. Then, 
model fitting by constrained spherical deconvolution (CSD) was performed. The stimulation sites at which pp-
TMS (over the left hemisphere) elicited cSPs in facial muscles were chosen as starting regions of interest (ROIs) 
for tractography. M1 was defined as the target ROI. Resulting tracts were identified according to a standard 
white matter atlas template. 

Results 

From every brain region where cSPs occured, fibres followed tracts which are known to connect to the motor 
cortex. TMS sites located in the temporal lobe were, i.a., associated with M1 via the arcuate fasciculus. The 
superior longitudinal fascicle (SLF) 3 connected seed points in the frontal lobe to M1. Originating from the 
supplementary motor cortex, U-shaped fibres reached the M1. The ROIs located in the parietal lobe were 
connected to M1 via the SLF. 

Conclusion 

The results support our hypothesis of remote pp-TMS effects on the speech-related primary motor system (i.e., 
face and jaw muscles). Despite limitations inherent to virtual dissection methods, our data drive the assumption 
that cSP could qualify as a marker to measure TMS-induced interference with cortical functioning even beyond 
the (primary) motor cortex. 
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Objective 

In preoperative language mapping, repetitive transcranial magnetic stimulation (rTMS) is usually accompanied 
with an assessment of picture naming (PN) task performance. The most frequent rTMS-induced behavioral 
outcome is a delay of the expected naming response. However, delay ratings are often critisized for being 
observer-dependent. In this study, we measured the variability and explored potential cut-off"s of delay ratings. 
Moreover, we aimed to elaborate the differences in delay distribution across different brain regions, comparing 
sentence onset and item naming. 

Methods 

Twelve healthy, native German volunteers underwent concurrent rTMS and PN task. Video recordings of the 
sessions were analysed offline. Two time points were considered: the time at sentence onset (T1) and the time 
at item naming (T2). In addition to the visual/auditive video assessment by two independent raters providing a 
qualitative outcome assessment, the exact times of T1 and T2 were manually measured by a third rater using a 
sound editing software. The stimulation coordinates were exported from the rTMS device and were projected on 
a standard brain for spatial distribution assessment. 

Results 

A total of 5396 stimulations were performed across all subjects, of which 48 (1%) resulted in a delay onset 
response, and 327 (6%) in a delay item response. The average T1 was 716 ± 110 ms for responses qualitatively 
rated as delayed (versus 416 ± 91 ms for non delayed onset events). The difference T2-T1, however, was 679 ± 
159 ms for responses rated as delays (and 477 ± 96 ms for non delayed item responses). As for the spatial 
distribution of stimulations of each category of delays, the delay onset responses were predominantly elicited by 
stimulation to a close set of areas, which included the central sulcus and precentral gyrus. In contrast, delayed 
item responses were observed after stimulation of a larger set of regions, which included the inferior frontal 
gyrus, medial frontal gyrus and superior temporal gyrus. 

Conclusion 

Our results suggest that sentence delays are often related to rTMS over (primary and secondary) motor regions, 
which could hold potential value in differentiating from errors related to other parts of the language networks. 
Conversely, object naming delays are less often related to motor areas, but rather to "classical" regions within 
the language network. 
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Objective 

The assessment of presurgical language laterality during presurgical fMRI in brain tumor patients is an important 
information in surgical planning. However, language laterality assessment is among other factors mostly 
dependent on the choice of fMRI language paradigm and as it is assumed the implementation of a language 
control condition to differentiate between essential and non-essential language-related processes. The aim of 
this study was to investigate how or if language laterality assessment is affected by a fMRI-language paradigm 
design using a linguistic control condition as well as how this interacts with brain tumor localisation. 

Methods 

In total 53 brain tumor patients were included in this analysis (26 frontal tumors, 14 anterior temporal tumors, 
13 posterior temporal and inferior parietal lobe tumors). During preoperative fMRI patients performed covertly 
a verb generation task, while a covert phonological generation task (syllable reversal) served as the linguistic 
control condition. Data analysis was done by using SPM12 comprising realignment, coregistration and smoothing 
for preprocessing. Whole brain analysis was performed using the general linear model approach on individual 
level. Laterality indices (LIs) with and without control conditions application were calculated for the frontal, 
parietal and temporal lobe using the LI-toolbox implemented in SPM. Inner- and between group differences 
were assessed by using non-parametric t-tests. 

Results 

The application of a linguistic control condition led to significant higher LIs in the temporal lobe of patients with 
frontal (p=014) and anterior temporal tumors (p=001), which was not found in patients with posterior 
temporal/inferior parietal. Comparing this group with patients with anterior frontal tumors, the former group 
showed significant higher LIs the parietal lobe (p=.025) and the temporal lobe (p=.048) when a control condition 
was applied, and a lower LI in the frontal lobe when no control condition was applied (p=.017). LIs in patients 
with posterior temporal/inferior parietal were compared to frontal tumors higher in the parietal lobe with 
(p=.034) and without (p=.037) control condition as well as in the temporal lobe (p=.018) when a control 
condition was used. 

Conclusion 

This data suggests that laterality indices are strongly influenced by language paradigm design using linguistic 
control condition and by brain tumor localisation. 
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Objective 

Preoperative functional imaging modalities can be readily used to identify sub-/cortical regions involved in 
language processing, but fail to point out regions at risk regarding permanent deficits. To overcome this 
limitation, is particularly important to tailor surgical procedures involving networks with a high potential of 
functional reorganization, such as the language network. Recently, several groups reported the left temporo-
parieto-occipital junction (TPO-L) and connected tracts (i.a., temporo-parietal sections of the arcuate fasciculus 
and the superior longitudinal fasciculus), as well as the inferior fronto-occipital fasciculus (IFOF) to be highly 
correlated with permanent language deficits. We here set out to identify a standard procedure for multi-task 
fMRI-informed tractography, optimized to depict the aforementioned structures at risk. 

Methods 

24 healthy subjects (f =11, mean age= 24, right-handed, native German speakers) performed three fMRI tasks in 
German language: (1 - PN) picture naming, (2 - SC) simple auditory sentence comprehension (SC), (3 - SD) 
complex auditory sentence comprehension. Task 2 (SC) and 3 (SD) included a semantic decision task, i.e., 
selecting one semantically related object drawing out of three options via button-press. Moreover, SD included a 
paralleled nonsense sentence modality (ns-SD), in addition to meaningful sentences (1:4). Both SC and SD were 
controlled by a reverse speech modality. The different language tasks are compared to elaborate the optimal 
combination of tasks (contrasts and statistical thresholds) to define starting/ending regions of interest (ROIs) for 
DTI-based tractography of "language-essential" tracts. Tractography was performed using FSL and MRTrix. 

Results 

The SD task revealed highly selective activity in the TPO-L (p<0.05, FWE-corr.) when contrasted to either reverse 
speech or ns-SD. The contrast of SD > SC, corrected against the reverse modality, revealed strong and rather 
isolated activation in the triangular part of the inferior frontal gyrus as well as the frontal eye-field (p<0.05, FWE-
corr.), thus qualifying the clusters as seeding ROIs for tracking the IFOF. 

Conclusion 

Selected contrasts of fMRI language tasks (SD > SC) are useful to identify functionally relevant language tracts 
and cortex regions with low recovery potential. Validation in patients is mandatory to confirm the usefulness of 
the suggested imaging approach for surgical planning on the single-subject level. 
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die Organisation des Sprach-Netzwerks 
Connectome analysis based on intraoperative awake mapping reveals new insights on language network 
organisation 
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Objective 

Direct cortical stimulation (DCS) and navigated transcranial magnetic stimulation (nrTMS) combined with 
diffusion tensor image (DTI) have been applied in daily neurosurgical practices to identify the language-related 
cerebral structures. However, previous investigations on their consistency only focused on cortical results but 
were unclear at subcortical and network levels. Network centrality is the essential parameter in network analysis 
to measure the importance of nodes in the network. 

Methods 

Cortical regions identified as language-relevant were recorded by nrTMS (preoperatively) and DCS 
(intraoperatively). For both modalities, whole-brain fiber tracking was constructed using Python library DIPY 
(Version 1.2.0, https://dipy.org), in which each voxel was used as the seed for the deterministic algorithm of 
fiber tracking under FAT at 0.1 together with FLT at 30mm, and angulation thresholding at 25o. Tracked fibers 
were registered to the MNI246 template to identify the number of fibers between every two regions for 
constructing the connectome of subcortical connections, based on which five kinds of centrality were analyzed 
using Python library NetworkX (Version 2.6.2; https://networkx.org ) for each region. 

Results 

The current study enrolled 27 patients with brain tumors undergoing both nrTMS and DCS language mapping.  
The positive predictive value of cortical results in nrTMS language mapping reaches 63% compared to DCS 
mapping. They were consistent in tracking dorsal stream, including arcuate fasciculus and superior longitudinal 
fasciculus.  Ventral stream tracts were better localized in nrTMS mapping. In addition, there is no apparent 
difference in network centralities between the two mapping methods, including Degree Centrality, Eigenvector 
Centrality, Closeness Centrality, Betweenness Centrality, and PageRank Centrality. 

Conclusion 

DCS and nrTMS are now proven to reveal the same subcortical network. The current study deepens the 
understanding of the organization of cerebral structures related to language function and provides a new angle 
to investigate the brain structures. 
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Objective 

Patients with SMA tumor lesions typically develop postoperatively a contralateral akinesia ("SMA syndrome"), 
which often regresses within the first three months. Neither the neural correlates of functional recovery nor of 
preoperatively preserved motor functions are however sufficiently understood. With the SMA being considered 
as gateway between motor but as well  cognitive control functions, the SMA-syndrome has even been suggested 
to be primarily a cognitive disorder of executive functions. As functional reorganization may precedes surgical 
intervention, we investigated potential alterations of intrinsic sensorimotor and frontoparietal resting-state 
network (RSN) connectivity in SMA tumor patients. 

Methods 

13 patients with tumor lesions (10 gliomas, 2 metastases, 1 meningioma) involving the SMA (5 right-sided, mean 
age 49 ± 21 yrs), and 13 matched healthy controls (49 ± 16 yrs) underwent resting-state-fMRI. Patients were 
scanned preoperatively, and evaluated with regard to motor and language functions. Imaging data of patients 
with right-hemispheric tumor lesions were flipped, in order to analyze ipsi- and contralesional resting-state 
functional connectivity (FC) across group within the sensorimotor and frontoparietal RSN. Using seed-to-voxel 
analysis with seeding in the contralesional hemisphere, sensorimotor RSN FC as well as frontoparietal RSN FC 
were analyzed and compared between groups. 

Results 

Most patients had no (11/13) or only minor (2/13) motor deficits preoperatively. However, after tumor 
resection, the majority (11/13) developed a contralateral hemiparesis, with additional language deficits in 5 (out 
of 8 left-sided tumor) patients. Motor deficits regressed in most (90%), and language deficits in all patients 
within 62+/-61 days after surgery, albeit to varying degrees. No significant between-group differences were 
found with regard to FC of the sensorimotor RSN. In contrast, FC within the frontoparietal RSN was significantly 
increased (p<.05) in the inferior frontal gyrus of the contralesional hemisphere. 

Conclusion 

Intrinsic frontoparietal connectivity was increased in SMA tumor patients as compared to healthy controls in the 
contralesional hemisphere. It should be further investigated, whether executive control functions may exert a 
modulatory if not compensatory effect on motor functions in SMA tumor patients, and whether reorganization 
of frontoparietal connectivity might subserve postoperative functional recovery in SMA syndrome. 
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Standardisierte Glioblastomtumororganoide erlaubt personalisiertes und automatisiertes 
Medikamentenscreening 
Establishment of a reliable Glioblastoma Tumor-Organoid platform enables automated high-throughput drug 
screening advancing personalised medicine 

G. Jungwirth1, A. Paul1, J. Cao1, R. Warta1, A. Abdollahi2, A. W. Unterberg1, C. Herold-Mende1 
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Objective 

Patient-derived tumor organoids (TOs) are mini-tumors generated from tumor tissues within a few days while 
preserving their genotype and phenotype and maintaining the cellular heterogeneity and key components of the 
tumor microenvironment. This exciting new technology provides representative avatars of the patient tumor in 
large numbers and thus can be exploited for drug discovery and drug screening purposes more efficiently than 
conventional cell lines or xenografted mouse models. In our study, we established standardized TOs from 
glioblastoma (GBM) and implemented them in an automated large-scale drug screening. 

Methods 

Fresh tumor tissue was dissociated into a single cell suspension. Cells were seeded into anti-adhesive 384-well 
plates to allow the formation of standardized TOs. GBM TOs were assessed by light microscopy, 
immunostainings, and RNA-seq. Automated high-throughput drug screening (aHTS) on TOs was performed using 
the industry-leading liquid handler Hamilton MicroLAB STAR. The drug library consisted of 166 FDA-approved 
antineoplastic drugs. Cell viability was assessed by CellTiter-Glo3D. 

Results 

Over one thousand standardized TO were generated per patient with a success rate of over 90%. 
Morphologically, TOs fully compacted after two days and the size maintained stable over 10 days, with a slow 
outgrowth in some patient cases. TOs proliferated over time as seen as a steady increase of the ATP signal. 
Stainings for tumor cells (GFAP), the tumor microenvironment (myeloid cells: CD68, T cells: CD3), and 
extracellular matrix (Tensascin C) confirmed a strong resemblance of TOs to their corresponding parental tumor, 
which was further substantiated by RNA-seq. Next, aHTS on TOs from 11 GBM patients was performed 
demonstrating strong heterogeneity of drug responses. The top ten best-performing drugs among 11 GBM 
patients consisted of 35 compounds targeting 14 different modes of action. Proteasome (bortezomib, ixazomib, 
carfilzomib, and marizomib; average viability 25%) and HDAC-inhibitors (romidepsin and panobinostat; average 
viability 28%) demonstrated the highest efficacy. 

Conclusion 

We established a protocol to form standardized TO from GBMs resembling the parental tumors and 
demonstrating a high formation success rate. Furthermore, by utilizing the automated high-throughput drug 
screening platform, we identified proteasome inhibitors and HDAC-inhibitors as highly efficacious drugs with 
large inter-patient-individual drug responses. 
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PLOD2 ist ein unabhängiger prognostischer Marker und molekularer Mediator im Glioblastom 
PLOD2 is an independent prognostic marker and molecular mediator in glioblastoma 

N. Kreße1, H. Schröder1, K. P. Stein1, C. Mawrin2, C. A. Dumitru1, I. E. Sandalcioglu1 

1Universitätsklinikum Magdeburg, Klinik für Neurochirurgie, Magdeburg, Deutschland 
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Objective 

Glioblastoma (GBM) is the most common form of malignant primary brain tumour. Only a dismal proportion of 
GBM patients achieve 5-year survival. Thus, it is critical to identify novel prognostic markers and molecular 
mechanisms, which could serve as targets for novel therapeutic strategies in this type of tumour. Procollagen-
Lysine, 2-Oxoglutarate 5-Dioxygenase 2 (PLOD2) is the key enzyme for mediating hydroxylation of collagen -the 
most abundant protein of the extracellular matrix (ECM)- thereby forming stabilized collagen cross-links. As a 
major component of the tumour microenvironment, the ECM plays a crucial role in tumour progression, 
invasion, migration and metastasis. The purpose of this study was to investigate the role of PLOD2 in GBM 
pathophysiology. 

Methods 

PLOD2 protein expression was assessed by immunohistochemistry in two independent cohorts of patients with 
primary GBM (n1=233 and n2=242, respectively). Additionally, H4 glioma cells were stably transfected to down-
regulate PLOD2 levels in vitro. The transfected cells were subsequently tested in regard to proliferation (MTT 
assay), anchorage-independent growth (soft-agar clonogenic assay) and invasion (Oris™ 3D Cell Invasion assay 
and matrix metalloprotease release). Furthermore, we tested potential downstream molecular mechanisms of 
PLOD2 by western blot. 

Results 

We found that high PLOD2 expression was associated with a shorter overall- (p1=0.01; p2= 0.01; log-rank) and 
progression-free (p1=0.01; p2=0.03; log-rank) survival of GBM patients in both cohorts and was an independent 
predictor of poor overall survival in multivariate Cox-regression models. In vitro, PLOD2 knockdown led to 
reduced proliferation, invasion and anchorage-independent growth. Mechanistically, inhibition of PLOD2 
reduced the expression of MT1-MMP, CD44, CD99, Catenin D1 and the release of pro-invasive MMP2. 

Conclusion 

Our study identifies PLOD2 as an independent prognostic marker for the overall survival of GBM patients. 
Furthermore, we demonstrate the involvement of PLOD2 in GBM progression and identify novel downstream 
molecular mechanisms in the PLOD2 signalling pathway. Ultimately, these findings might foster the development 
of improved and personalized therapeutic strategies against this type of cancer. 
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Räumlich aufgelöste Transkriptom- und Metabolomstudien enthüllen hypoxie assozierte Ansammlung 
genomischer Instabilitäten in menschlischen Gliomen 
Spatially resolved transcriptomics and metabolomics uncover hypoxia-driven accumulation of genomic 
instabilities in human glioma 
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Objective 

High-dimensional technologies have provided insights into transcriptional heterogeneity and dynamic plasticity 
which are hallmarks of brain tumors. Although scRNA-seq recovers the diversity of transcriptional states, their 
spatial context within the neuronal environment has remained unexplored. Here, we integrated spatially 
resolved transcriptomics and metabolomics to characterize the glioma landscape of multiple molecular levels.  

Methods 

We integrated spatially resolved transcriptomics using the 10X Visium technology from 19 glioblastoma IDH WT 
and 2 IDH mutated glioma. For metabolomic profiling we performed Matrix Assisted Laser Desorption/Ionization 
Fourier-transform ion cyclotron resonance mass spectrometry imaging (MALDI-FTICR-MSI) from consecutive 
sections. For computational analysis we established an R based framework for data integration and spatial 
analysis (SPATA2, https://github.com/theMILOlab/SPATA2/). 

Results 

By integrating metabolome data, we identified a distinct transcriptional program encompassing reactive 
responses to hypoxia. Areas of hypoxic response were negatively correlated with proliferation (R2= -0.34, p< 
0.001) and significantly enriched for gene expression signatures from the S-phase (p< 0.001). Modeling of 
transient spatial gradients using vector field predictions showed opposing vector directions of hypoxia response 
and migratory capacity, underpinning the "go-or-growth" theory, where cells either proliferate or migrate. 
Inferred copy-number alterations (CNA) revealed a significant increase in genomic instability, highly correlated to 
hypoxia response (R2= 0.78, p< 0.001). Near necrotic areas, we observed a significant accumulation of CNAs 
while proliferation was inhibited, and cells remained in the S-phase. We validated this hypothesis of hypoxia-
driven accumulation of CNAs by chronic hypoxia cultures of primary patient-derived cell lines. A gain of 
chromosomal instability after long-term hypoxia was observed, suggesting that hypoxic areas in glioblastoma 
function as bioreactors for genomic instability. 

Conclusion 

Our findings elucidate the evolution of resistant subclones in glioblastoma. They provide novel insights into the 
dynamic regulation and interaction between host and tumor and cast a new light on hypoxic and necrotic areas 
which may represent the source of the heterogenous and resistant nature of glioblastomas. 
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Personalisierter Therapieansatz in der Translationalen Neuroonkologie: JAK / STAT-Hemmung kehrt die durch 
myeloide Zellen-induzierte Antitumor-Immunität in T-Zellen um 
Personalised therapeutic approach in translational neuro-oncology – JAK / STAT inhibition reverses the anti-
tumour immunity induced by myeloid cells in T cells 
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Objective 

Recently, we demonstrated that JAK/STAT-inhibition causes a "cold" into "hot" conversion of the immune 
environment of glioblastoma. Here, we explored transcriptional programs of tumor-associated T cells and 
potential targets to reverse the major group of dysfunctional T cells using a human neocortical slice model and 
computational models. 

Methods 

We acquired single-cell sequencing of 50k CD45(+) cells (8 patients) and inferred transcriptional programs and 
fate decisions in T cells, using RNA-velocity and our computational pipeline (SPATA). A novel algorithm ("Nearest 
functionally connected neighbor", NFCN) was used to predict neighboring cells, which was validated in spatial 
transcriptomic datasets and immunohistochemistry staining. We validated our findings using a human 
neocortical glioblastoma slice model with autografted T cells. The promising candidate, a JAK/STAT inhibitor, was 
tested in neoadjuvant treatment in a single patient. The treatment effect was validated by single-cell RNA-
sequencing in the post treatment tissue. 

Results 

Our computational analysis identified a subset of myeloid cells marked by HMOX1+ expression (in STAT/HMOX 
axis) to be responsible for release of IL10 which further leads to T cell exhaustion. And, using human neocortical 
glioblastoma slice model with autografted T cells, we were able to prove evidently  that IL10R-inhibition or 
myeloid cell depletion rescued the T cell exhaustion. In order to target the STAT/HMOX axis we used a JAK/STAT 
inhibitor in our slice model which showed a significant reduction (p<0.001) of IL10 release and consecutive 
activation of T cells. Clinically, one single patient treated with a JAK/STAT-inhibitor in a neoadjuvant setting, 4 
weeks prior to the recurrent GBM surgery, showed a clear significant activation (p<0.005) of T cells using ScRNA 
sequencing and immunostainings. 

Conclusion 

Our findings suggest that targeting the myeloid cell environment of GBM provides an opportunity to convert a 
"cold" into "hot" immune environment which might be helpful to improve T cell based therapies in the future. 
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Mechanismen des Cytomegalovirus zur Überwindung der Blut-Hirn-Schranke beim Glioblastom 
Mechanisms of Cytomegalovirus to tumour transmission across the blood-brain barrier in glioblastoma  
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Objective 

Cytomegalovirus (CMV) has been linked to glioblastoma for over a decade. However, mechanisms of how CMV 
tumor infection occurs are poorly understood. After infection, CMV persists in mononuclear myeloid and 
dendritic cell progenitors. Here we identify possible transmission pathways involving mononuclear cells and in 
transit infection of cells of the blood-brain barrier in human and murine in vitro and in vivo models. 

Methods 

In vivo, mononuclear cells from blood and bone marrow from CMV latent mice were harvested and transferred 
to CMV naïve animals carrying orthotopic Gl261fluc glioblastoma. Viral infection was analysed using 
immunofluorescence. In vitro, human cells of the BBB were co-culture forming spheroids mimicking the blood-
brain barrier (3D spheroid BBB model). The viral transmission was analysed using fluorescence-labeled (mCherry 
and GFP) murine (MCMV) and human CMV (HCMV) viruses (GFP CMV) via live-cell imaging and cry section of 
murine brain slices. 

Results 

Bone marrow and peripheral blood mononuclear cells from CMV latent animals were positively stained for CMV 
using two immunofluorescence antibodies. Transfer of these cells into seronegative CMV naïve mice carrying 
Gl261 orthotopic tumors led to tumor infection and viral spreading within the glioblastoma. Incubation of BBB 
spheres consisting of human astrocytes, human brain vascular pericytes (hBVP), and human brain microvascular 
endothelial cells (hCMEC) with HCMV lead to sequential infection of these cells. In our model, endothelial cells 
on the outer perimeter were infected first, followed by hBVP, and then astrocytes located in the core of these 
spheres. Plaque assays and live-cell imaging showed lytic replication of HCMV in hBVP and hCMEC. Using Rhod-
Dextran, we found the permeability of the blood-brain barrier reduced by 10.4% (p=0.0167) on day 3 and 
39.23% (p=0.0046) on day seven after infection. 

Conclusion 

Mononuclear cells are a site of latent CMV infection from where infection can spread to glioblastomas. One 
mechanism of viral entry involves crossing the BBB and infection of perivascular cells in transit. THBVP and 
hCMEC might then maintain and drive the infection, while tightening the blood-brain barrier might interfere with 
chemotherapy. 

 
 



 

95 

 

Experimentelle Neuroonkologie I/Experimental neurooncology I 

V081 

 
Mitochondriale 2-Oxo-Dehydrogenase-Komplexe als Target für die Therapie von Glioblastomen 
Mitochondrial 2-oxo-dehydrogenase complexes as a target for the therapy of glioblastomas 
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Objective 

Glioblastoma (GBM) has a poor prognosis, and new therapeutic options are urgently needed. Here, we 
investigated, whether tumor-specific peculiarities with regard to subunits of mitochondrial 2 Oxo 
Dehydrogenase complexes (2-ODHCs) could be exploited for therapy. 

Methods 

Using data from the TCGA and the GTex project, we analyzed expression of the 11 known subunits of the four 2-
ODHCs in GBM and normal tissue and their relation to overall (OS) and progression free survival (PFS). In 
addition, we performed RT-qPCR and Western Blots, analyzing mRNA and protein expression of the 11 subunits 
using 15 patient derived primary GBM and 5 fibroblast cell cultures. We also designed siRNAs inhibiting 
expression of subunits analyzing their effect on cell viability. 

Results 

In silico analysis of subunits of 2-ODHCs revealed overexpression of 9 subunits and a significant down-regulation 
of 1 subunit (p<0.05; OGDHL) in GBM (n=163) compared to normal brain tissue (n=207). Analyzing OS and PFS in 
patients with low (n=518) and high-grade gliomas (n=163) revealed highly significant Log rank (LR) values and 
hazard ratios (HR) for all subunits with the exception of DBT, BCKDHB and DLST. Among the most noticeable 
transcripts were that of genes encoding the E1 components DHTKD1 (LR= 0; HR= 0.26), OGDH (LR=0.01; HR1.4) 
and OGDHL (LR=0.004; HR=0.69). Cluster analysis of expression of all 11 subunits in primary GBM cultures 
identified two clusters, one with a generally higher expression of most components and one with a lower one. 
First experiments revealed that knockdown of OGDH in presence of pyruvate has a significant influence on ATP 
production and in presence of glutamine a significant influence on dehydrogenase activity in primary cell 
cultures (pyruvate: 88.2±4.9%; glutamine: 79.1±4.7%; both p<0.0005). 

Conclusion 

Compared to normal tissue, mitochondrial 2-ODHCs are upregulated in GBM and are at least required for ATP 
production in the presence of pyruvate or glutamine. Given significant differences in expression between GBM 
and normal tissue further analysis of these complexes and their contribution to tumor metabolism should be 
performed. 

Figure 1: Heat-Map with expression profiles of the 2-ODHCs in RT-qPCR. GBM cultures are characterized by the 
Verhaak classification (Mes: mesenchymal, Cl: classical, PN: proneural). Fibroblast cultures do not have this 
classification. The OS of the patients the cell culture was obtained from is next to the culture (in months). 
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FTY720 (Fingolimod) hat eine antiproliferative Wirkung auf humane Glioblastomzellen alleine und in 
Kombination mit Temozolomid, beeinflusst aber nicht die Expression von Genen der epithelialen-
mesenchymalen Transition (EMT) 
FTY720 (Fingolimod) has an antiproliferative effect on human Glioblastoma cells alone and in combination with 
Temozolomide but does not influence the expression of EMT-related genes 

H. Gött1, J. Nagl1, S. Santhiyanesan1, C. Seemann1, F. P. Schwarm1, E. Uhl1, M. Stein1, M. A. Kolodziej1 
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Objective 

FTY720 as immunomodulative drug has also an impact on cell signaling pathways involved in cell proliferation 
and survival, and several studies suggest an effect on epithelial to mesenchymal transition (EMT) pathways. In 
this study we investigated the antiproliferative effect of FTY720 on immortalized and primary human 
glioblastoma cell lines and whether there is a synergistic effect in the combination with Temozolomide (TMZ). In 
a second step the influence of FTY720 on the gene expression level of EMT related genes was investigated. 

Methods 

U87, A172 and U251 as well as three primary human glioblastoma cell cultures were plated to 80-90% 
confluence. FTY720 was administered at a dose of 5 and 10μM alone and in combination with 150μM TMZ for 
72 hours. Afterwards cell survival was evaluated by XTT-Assay and automatic cell count and colony forming 
assays were performed. For gene expression analysis cells were prepared in the same way. After 72 hours RNA 
was isolated and expression of CDH1, CDH2, CDK1, VIM, SNAI1, SNAI2, ZEB an STAT3 was analyzed by 
quantitative real-time PCR. 

Results 

FTY720 had an antiproliferative effect on human glioblastoma cells at 5 and 10μM. At a dose of 10μM FTY720 
had a significantly stronger impact on cell survival than TMZ in A127 (p=0.002), U87 (p=0.041), U251 (p=0.002) 
and all patients derived cell lines (p=0.002, 0.002, 0.015). Combined treatment with FTY720 10μM and TMZ 
150μM was significantly more effective than TMZ alone in all cell cultures and the combined treatment had an 
stronger impact than any single treatment on the survival fraction in U87 (p=0.001), U251 (p=0.001) and one 
patient derived cell line (p<0.001). In the other cell lines the same trend was observed, however not reaching 
statistical significance. No significant change of the expression of the EMT-related genes CDH1, CDH2, CDK1, 
VIM, SNAI1, SNAI2, ZEB an STAT3 was observed. 

Conclusion 

FTY720 has an antiproliferative effect not only on immortalized but also on primary human glioblastoma cell 
lines alone and in combination with TMZ. The combination of FTY720 and TMZ in the treatment of glioblastoma 
cells leads to cell death in micromolar concentration of FTY720 and is significantly more effective than treatment 
with TMZ alone. Despite recent evidence, no influence on the expression of relevant EMT genes could be 
observed, suggesting a different mechanism of action of FTY720. 
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Automatisierte Erkennung von tumorinfiltriertem Gehirngewebe mittels optischer Kohärenztomographie und 
deep learning 
Automated identification of tumour infiltrated brain tissue using optical coherence tomography and deep 
learning 
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Objective 

The identification of tumor infiltrated brain tissue during neurosurgical resection is still a major challenge in the 
field of neurooncology. The challenge is aggravated by the infiltrative growth of certain tumor types, like 
glioblastoma multiforme, which leads to ill-defined tumor borders. Optical coherence tomography (OCT) has 
proven to be a possible additional imaging method for the identification of tumor and healthy brain tissue. The 
aim of the project was the identification of different grades of tumor infiltrated brain tissue based on ex vivo 
OCT B-scans. For the classification, a deep neural network was configured in order to discriminate the different 
stages of tumor infiltration from healthy tissue. 

Methods 

Over the course of a clinical study around 160 samples were excised from 17 patients. Samples were extracted 
from the brain surface, the main tumor mass and from the border of the resection cavity after the resection was 
finished by the surgeon. Each sample was imaged ex vivo by an OCT system with an imaging wavelength of 1300 
nm and was assessed by a neuropathologist. Each histological sections was labelled with either healthy white 
matter or one of three different tumor infiltration labels (>0-30%, 30-60%, >60% tumor infiltration). For each 
histological section corresponding OCT B-scans were determined and the labels were transferred onto the OCT 
B-scan. This resulted in 650 labelled OCT B-scans, which were used as a ground-truth dataset for the supervised 
classification. 

A deep neural network was used for the classification (Figure 1). The network used averaged A-scans from each 
OCT B-scan as an input, which allowed the network to extract structural and optical properties from the input. 
For the evaluation a k-fold cross validation was used, where each patient was once used as the test data, while 
the remaining patients were used for the training. 

Results 

Table 1 shows the test results for overall test data for the classification of different stages of tumor infiltration. It 
is shown, that the network achieved good classification results. The performance of the network reduces with 
decreasing grade of tumor infiltration. 

Conclusion 

OCT is able to discriminate different stages of tumor infiltration from healthy white matter tissue with 
reasonable accuracy. The used OCT system was transferred into a surgical microscope in order to apply the 
neural network on in vivo data in the future. 
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Klinische Translation von Infrarotspektroskopie für die Neurochirurgie: Klassifizierung verschiedener Hirntumore 
auf der Grundlage der spektralen Signatur des Glioblastoms 
Clinical translation of infrared spectroscopy for neurosurgery – Classification of various brain tumours based on 
the spectral signature of glioblastoma  
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Objective 

Vibrational spectroscopy including infrared and Raman spectroscopy is envisioned as innovative diagnostic tool 
for neurosurgery. Despite promising in situ application during glioma surgery in 2015 (Jermyn et al, Sci Transl 
Med 274ra19), clinical translation and routine application in neurosurgery has not been archived. Therefore, we 
applied infrared spectroscopy to a large set of human brain tumors to evaluate the potential of the technique for 
discrimination of tumor and non-tumor tissue in a clinical setting. 

Methods 

Samples of brain tumors and non-tumor brain tissue were obtained during routine surgery from 816 patients 
and probed by attenuated total refection infrared (ATR-IR) spectroscopy. IR spectra were acquired from 
unprocessed tissue within minutes after resection (median 6 min, 25% percentile: 3 min, 75% percentile: 10 
min). They were reduced to the spectral region 1000 – 1480 cm-1 followed by a baseline correction and 
normalization. Spectral features of brain tumors were compared to those of non-tumor brain by analysis of band 
intensities and linear discriminant analysis. 

Results 

Tissue-specific spectral variations were identified for all types of brain tumors. IR bands related to glyco- and 
phospholipids (1050, 1200 cm-1) were significantly reduced in tumors while protein assigned bands (1240, 1400 
cm-1) were increased. However, the marked overlap among groups hindered the exploitation of band intensities 
for diagnostics. Dimensionality reduction using principal components 1-14 qualified to preserve comprehensive 
spectral information and was used to develop a classifier for recognition of GBM. All twelve non-tumor samples 
and 118/134 (88%) of GBM samples were correctly recognized using this approach. Moreover, the GBM-trained 
classification was well suited for detection of recurrent/secondary glioma (95/115 samples), pilocytic 
astrocytoma (all 6 samples), other primary brain tumors (80/87 samples) and for brain metastases (163/175 
samples). Half of glioma WHO II/III were misclassified. 

Conclusion 

We show a considerable similarity of spectroscopic signatures of different brain tumor types and propose the 
exploitation spectroscopic data of common tumors for recognition of other / rare tumors. The concept of an 
universal spectroscopic signature of brain tumors might be likewise valid for other diagnostic approaches that 
are based on spectroscopic tissue analysis including Raman spectroscopy and can accelerate clinical translation. 
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Charakterisierung der Autofluoreszenz und quantitative Protoporphyrin-IX Biomarker für optische 
Spektroskopie-geführte Gliomresektion 
Characterisation of autofluorescence and quantitative protoporphyrin IX biomarkers for optical spectroscopy-
guided glioma surgery 
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Objective 

5-Aminolevulinic acid (5-ALA)-mediated fluorescence does not regularly depict low-grade gliomas (LGG) or the 
infiltrative tumor portion of high-grade gliomas (HGG). While spectroscopic measurements improve sensitivity 
and precision, the quality of the generated data is currently limited by the presence of a second protoporphyrin 
IX (PpIX) fluorescence state at 620 nm and of autofluorescence from endogenous fluorophores. In this study, we 
investigated the autofluorescence to better characterize the present spectra and thus achieve more precise and 
sensitive PpIX quantification. 

Methods 

Patients undergoing 5-ALA mediated surgery for malignant glioma were included in this study. Fluorescence was 
assessed in one or more biopsies per patient and measured ex vivo using a hyperspectral device. 
Autofluorescence spectra were derived from the measurements by analyzing spectral features consistently 
present in the data that were independent of other features and comparing them to known fluorophores 
available in the literature. The contributions of the 620nm and 634nm PpIX state, and their ratio, Ratio620/634 
were analyzed. 

Results 

Overall, in 128 patients, 2692 measured spectra in 275 biopsies were analyzed. It was found that all 
measurements consist of a combination of the 620nm and 634nm PpIX fluorescent states, as well as NADH, 
lipofuscin, and flavins. The basis spectra were characterized and their use in spectral unmixing led to 82.4% 
lower fitting error for weakly fluorescing areas (p < 0.001), and 92.3% fewer false-positive tumor identifications 
in control measurements (p = 0.0065) compared to previous works. They also decreased the PpIX620 
contribution, thus halving the mean Ratio620/634 (p < 0.001). The ratio was approximately 0 for HGGs and 
increasing for LGGs, as demonstrated previously. Additionally, the Ratio620/634, the MIB-1/Ki-67 proliferation 
index, and the PpIX peak blue-shift were found to be significantly related to WHO grade, fluorescence visibility, 
and PpIX contribution (p < 0.001). 

Conclusion 

With this algorithm, it is possible to more accurately delineate the tumor margins, avoid false positives, and 
precisely calculate the PpIX contributions. This was found consistently in a large and diverse cohort of patients. 
This new analysis procedure also leads to different Ratio620/634 values than previously reported, though the 
general trend remains the same. Nevertheless, further studies are required before the ratio can serve as a 
biomarker to classify tumor regions. 
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Einbindung der stimulierten Raman-Histologie in die intraoperative neuropathologische Gewebeuntersuchung in 
der Neurochirurgie 
Integration of Stimulated Raman Histology (SRH) into intraoperative neuropathology in neurosurgery 

N. Neidert1, J. Straehle1, D. Erny2, V. Sacalean1, A. El Rahal1, D. Steybe3, R. Schmelzeisen3, A. Vlachos4, P. C. 
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Objective 

Histopathological assessment is the gold standard in diagnostics and classification of neurooncological entities. 
Raman-based intraoperative tissue analysis has been reported to be fast and valuable. Here, we report our 
experience in implementing Stimulated Raman Histology (SRH) in a major neurosurgical center. Furthermore, we 
compared the neuropathological interpretability of SRH imaging to standard-of-care intraoperative hematoxylin–
eosin (H&E)-staining. 

Methods 

We evaluated the possibility of establishing a dedicated workflow for SRH serving as an intraoperative 
diagnostic, research and quality control tool in neurosurgery. In total, 429 SRH-images from 108 patients were 
analysed. A SRH-naive board-certified neuropathologist evaluated image quality by rating the subjective tumor 
infiltration and providing a diagnosis based on the SRH images in 73 neurooncological cases. The accuracy of 
these diagnoses was compared to intraoperative H&E-stainings and related to the gold standard of the final 
integrated neuropathological diagnoses. 

Results 

The Raman imaging system was rapidly integrated into the surgical workflow of a large neurosurgical center with 
a steep learning curve. High-quality images could be acquired in a "plug-and-play" manner from the first days 
onwards. In order to establish a workflow for high-throughput SRH image acquisition and analysis, certain 
prerequisites were described. The accuracy of SRH-based diagnosis was 87.3%, which was en par (p = 0.783) to 
the assessment of standard of care H&E-stainings (88.9%) in our study. 

Conclusion 

Stimulated Raman Histology (SRH) is an innovative label-free and near real-time intraoperative tool for tissue 
analysis in neurosurgery. It can be easily implemented in the surgical workflow. Neuropathological assessment of 
SRH imaging is non-inferior to standard-of-care intraoperative fast-frozen H&E-staining. However, further 
research is required to modify SRH image analysis in order to obtain information about alterations of the 
genome, methylome, transcriptome and proteome. This may lead to an intraoperative SRH-based prediction of 
prognosis and therapy response. 
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Erste Erfahrungen mit dem mikroskopintegrierten Intraoperative Optical Imaging Modul von Zeiss 
First experiences with the microscope integrated intraoperative optical imaging module from Zeiss 
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1Technische Universität Dresden, Medizinische Fakultät Carl Gustav Carus, Klinik und Poliklinik für Anästhesiologie und Intensivtherapie, 
Klinisches Sensoring und Monitoring, Dresden, Deutschland 
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Objective 

Intraoperative Optical Imaging (IOI) is a marker free and non-invasive imaging technique that has proven to be 
useful for visualization of hemodynamic changes and therefore functional areas of the human cerebral cortex 
during neurosurgical interventions. In the past, we refined and evolved the method towards a clinical tool that 
has now been integrated by Zeiss as a Software add-on into the commercial available Kinevo microscope. Here, 
we are presenting our experiences and results of the first application of the system. 

Methods 

The IOI-Software was used during surgery of 17 patients (8 female, 9 male, median age 60 years). A total of 46 
datasets were acquired. Stimulation was performed according to the predefined stimulation paradigm of 9 
minutes with alternating 30 second rest and stimulation trials. Image data was acquired and evaluated using the 
red channel of the integrated camera. Sensory stimulation was performed either tactile on the corresponding 
body part or electrical on the median nerve of the hand (11 patients). Three patients underwent surgery under 
local anesthesia. Here, motor as well as speech tasks, dependent of lesion localization, were performed to 
visualize the corresponding functional areas. Another three patients were stimulated visually using flashlight 
goggles under general anesthesia. 

Results 

The results reveal that the identification of functional brain areas with the microscope-integrated software is 
reliably possible. In 12 of the 17 patients, we were able to acquire at least one dataset that revealed a map of 
spatially delineated activity (true positive). In two patients, the postoperative analysis revealed that the 
anatomical region, corresponding with the stimulated function, was not trepanned (true negative). In the other 
three patients, data could not properly evaluated due to subarachnoidal tumor bleeding or technical problems 
occurred with the stimulation device. In respect to the functionality and reliability of the software, we 
experienced no severe problems. 

Conclusion 

The new IOI-Software allows an easy and reliable intraoperative visualization of superficial functional brain areas 
such as sensory, visual, motor, and speech cortex. A good user guidance and assistance during adjustment of 
image section and illumination brightness are implemented. Minor improvements in respect to the used 
visualization threshold or the accuracy of the automatic segmentation of trepanned region should be included in 
future releases. 
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Neuartige schnelle intraoperative Tumordetektion zur Resektions- und Biopsiekontrolle durch ein residuelles 
neuronales Netzwerk unter Nutzung stimulierter Raman-Streuung-Mikroskopie 
Novel rapid intraoperative tumour detection for resection and biopsy control by a residual convolutional neural 
network using stimulated raman scattering microscopy 

D. Reinecke1, N. von Spreckelsen1, C. Mawrin2, A. Ion-Margineanu3, G. Fürtjes1, S. T. Jünger4, F. Khalid3, C. 
Freudiger3, M. Timmer1, M. I. Ruge4, R. Goldbrunner1, V. Neuschmelting1 
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Objective 

The determination of the presence of tumor in biopsies and the decision-making during resections is often 
dependent on intraoperative histological tissue sample assessment. Recently, stimulated Raman scattering 
microscopy has been introduced to rapidly generate virtual hematoxylin-and-eosin-stained-like images (SRH) for 
intraoperative brain tumor diagnosis. For the prediction of tumor presence, we aimed to develop a new deep 
residual convolutional neural network (CNN) and test its reliability in an automated clinical workflow. 

Methods 

The CNN was established and trained in ResNetV50 to predict three classes for each SRH: (1) tumor, (2) non-
tumor and (3) low quality. In a monocentric prospective clinical study with 94 consecutive patients who 
underwent biopsy or brain tumor resection the CNN was applied on SRH images obtained in three 4 mm2 
random areas within the squeezed tissue samples. SRH images were blindly independently reviewed by a 
neuropathologist serving as ground truth. Internal consistency was calculated using Cronbach's alpha (Cα) and 
interrater reliability between CNN and neuropathologist by Cohens Kappa (κ). 

Results 

In total, 402 SRH images deriving from 132 tissue samples were analyzed. The automated workflow took in mean 
240 seconds per case in total, the CNN could successfully be applied in all cases. In the majority (90.0%) of SRH 
images the CNN could correctly classify tumor (n=303) and differentiate from normal brain tissue (n=49) in 
accordance to the neuropathologist at a mean probability value level of 78.2 ±31.6 %. The reliability between 
CNN and neuropathologist showed a substantial interrater agreement in 90% (κ=0.647). There was an excellent 
consistency found among the random areas within one tissue sample with 90.9% (Cα=0.93) accuracy. The 
pathological diagnoses represented the full spectrum of neurooncological surgery. 

Conclusion 

The newly developed CNN coupled to SRH in an automated workflow can reliably detect the microscopic 
presence of tumor tissue in resection and biopsy samples within 4 minutes in total and may pave a promising 
way for an alternative rapid intraoperative decision-making tool. 
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Mikroskopische Charakterisierung von Autofluoreszenz in Hirntumoren mithilfe von intraoperativer stimulierter 
Raman Histologie und Zwei-Photonen Fluoreszenz 
Intraoperative microscopic autofluorescence characterisation in brain tumours based on combined Stimulated 
Raman Histology (SRH) and Two-Photon fluorescence 

G. Fürtjes1,2, D. Reinecke1, N. von Spreckelsen1, C. Freudiger3, A. Ion-Margineanu3, F. Khalid3, C. Mawrin4, A. 
Chmyrov2, O. Bruns2, R. Goldbrunner1, V. Neuschmelting1 
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Objective 

Biological tissues show a varying extent of autofluorescence lowering the signal-to-noise-ratio and complicating 
the detection of fluorophores in fluorescent guided surgery. Yet, data on the characterization of 
autofluorescence in brain tissue and tumors is scarce. This study aims to assess autofluorescence of the brain 
and its tumors by using stimulated Raman histology (SRH) combined with 2-photon fluorescence, a new label-
free microscopy technique that enables virtual hematoxylin-and-eosin-stained-like images with corresponding 
fluorescence images out of unprocessed tissues.  

Methods 

Small unlabeled brain and tumor samples (1-3 mm3) were squashed onto a slide, SRH and fluorescence images 
were acquired on random areas of 2x2 mm under the same conditions by a dual wavelength laser (790 nm and 
1020 nm) for excitation and detecting emission in 570-613 nm and 603-678 nm, respectively. The mean 
fluorescence intensity per image was evaluated by using ROIs based on heatmaps created by a residual 
convolutional neural network (CNN) that reliably differentiates between tumor, non-tumor brain tissue and low 
quality SRH image. Semiquantitative analysis focused on the fluorescence pattern of the tissues in relation to the 
clinical and pathological data. 

Results 

We analyzed SRH and corresponding autofluorescence images of 397 samples deriving from 82 consecutive 
patients that underwent brain tumor surgery in 07-08/2021 at our center. In healthy brain tissue, we found an 
increased mean autofluorescence signal in the white (12.13 +/-3.42, n=30) compared to the gray matter (4.62 
+/-2.51, n=10, p<0.05) and in the cerebrum (11.83 +/-3.29, n=33) versus the cerebellum (2.82 +/-0.93, n=7, 
p<0.05), respectively. The signal of carcinoma metastases, meningiomas, gliomas and pituitary adenomas were 
significantly lower (each p<0.05) compared to the autofluorescence in the cerebrum and dura, whereas they 
showed a significantly higher signal (except of meningiomas) (each p<0.05) compared to the cerebellum. 
Melanomas were found to have a significantly higher fluorescent signal (p<0.05) compared to both, cerebrum 
and cerebellum. 

Conclusion 

Our data indicate that autofluorescence in the brain strongly depends on localization and differs significantly 
among various brain tumors and needs to be taken into account for fluorescent labeled guided surgery. Further 
studies are needed whether the resulting contrast may pave the way to enable label-free autofluorescence 
guided surgery. 



 

107 

 

Fig. 1 
 

 
 
 



 

108 

 

Intraoperative Bildgebung I/Intraoperative imaging I 

V090 

 
Natrium Fluoreszein und YELLOW 560 nm Filter für die Resektion neu diagnostizierter Glioblastome: Einfluss auf 
Resektionsausmaß und Outcome 
Sodium fluorescein and YELLOW 560 nm filter for resection of newly diagnosed glioblastoma – impact on 
resection quality and outcome 

K. M. Schebesch1, J. Höhne1, C. Doenitz1, K. Rosengarth1, N. O. Schmidt1, M. Proescholdt1 

1Universitätsklinikum Regensburg, Klinik und Poliklinik für Neurochirurgie, Regensburg, Deutschland 

Objective 

Maximal surgical resection of glioblastoma (GBM) has been demonstrated to improve progression–free survival 
and overall survival. Recently, fluorescein sodium in combination with the YELLOW 560 nm filter (Carl Zeiss 
Meditec, Germany) (FY) has been introduced as a safe and feasible method to visualize residual tumor tissue 
during GBM resection. We hypothesized that the use FY may positively influence the volumetric extent of 
resection and the overall survival in patients who undergo surgical resection of a newly diagnosed GBM. 

Methods 

From a prospective GBM registry, a cohort of 347 patients (median age 62.4 years; female/male ratio 141/206) 
was selected from which high quality preoperative magnetic resonance imaging (MRI) was available for 
volumetric analysis. Resection was performed without FY support in 151 (43.5%; group A) and with FI support in 
196 (56.5%; group B) patients. Gender, age, presurgical Karnofsky Performance Index (KPI), MGMT status and 
adjuvant treatment modalities were well balanced between the groups. Volumetric analysis was performed 
using Brainlab iPlan cranial software by quantifying pre- and postoperative tumor volume, based on the 
gadolinium-enhanced T1 sequences. 

Results 

The preoperative volume of group A was moderately larger compared to group B (p=0.063). The postoperative 
tumor volume and the residual volume as percentage of the initial tumor size was significantly smaller in group 
B. Accordingly, the quantitative extent of resection was significantly larger in group B (p=0.003). Of group B, 
significantly more complete resections were achieved compared to group A (p=0.003). Surgical mortality and 
morbidity were not significantly different between the groups (p=0.545 and 0.314 respectively). Overall survival 
was significantly longer in group B (p=0.015, log rank testing). Multivariate Cox regression modelling revealed 
age, presurgical KPI, MGMT status and FY supported resection as independent prognostic factors for survival. 

Conclusion 

FY supported resection of newly diagnosed GBM results in improved extent of resection and prolonged overall 
survival. 
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Die präoperative GFR als prognostischer Parameter für den Verlauf der Spondylodiszitis 
The preoperative GFR as a predictive parameter for the course of spondylodiscitis 
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Objective 

Despite all the advances in the treatment of spinal infections, they are still associated with high morbidity and 
mortality, and the incidence is increasing. In addition to prompt diagnosis, the early start of treatment is 
essential for the clinical course, although surgical intervention is required in many cases. Despite surgical 
rehabilitation and targeted antibiotic therapy, the complication rate is high, which is not least influenced by the 
mostly accompanying comorbidities. The aim of the present study was to evaluate the status of the preoperative 
kidney function as a risk factor for the clinical course in this particular patient group. 

Methods 

369 patients who were treated surgically between 01/2015 and 10/2020 for spondylodiscitis were 
retrospectively analyzed. The kidney function was classified on the basis of the glomerular filtration rate (GFR) 
measured at the beginning of the hospital stay based on the GFR stages defined by the KDIGO for the 
classification of the impaired kidney function. 

Results 

255 patients were included in the study (173 men, 82 women). The mean age was 66.3 ± 13.3 years. Chronic 
kidney damage was already known preoperatively in 14.1% (n = 36) of the patients. At the time of inpatient 
admission, 29% (n=74) patients had a GFR <60mL/min.Patients with a GFR <60mL/min spent an average of 5 
days longer in hospital than those with a GFR >60mL/min (36 to 31 days) (p=0.071). Mortality also increased 
significantly as the GFR decreased. With a GFR of >60mL/min this was 7.3% and rose continuously (GFR 
<60mL/min: 17.6%; GFR <30mL/min: 30.4%) (p=0.003). In addition, patients with impaired GFR showed 
increased postoperative complications. The rate of revision operations increases significantly from a GFR 
<30mL/min, although not significantly (p=0.087). 

Conclusion 

The present work showed that the preoperative GFR is a good prognostic factor for predicting the clinical course 
in patients with spondylodiscitis. In particular, the length of hospital stay, postoperative complications, revisions, 
and mortality were significantly increased in patients with a lower GFR. The preoperative GFR is therefore an 
important parameter for estimating the individual perioperative risk. 
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Gibt es eine Korrelation zwischen der Risikostratifizierung nach dem Brighton Spondylodiszitis Score mit dem 
klinischen Ergebnis bei Patienten mit chirurgisch behandelter Spondylodisdiscitis? 
Does risk stratification according to the brighton spondylodiscitis score in patients with surgically treated 
spondylodiscitis correlate with clinical outcome? 

T. Chacón Quesada1, B. Schatlo1, D. Mielke1, V. Rohde1, T. Abboud1 

1Universitätsmedizin Göttingen, Neurochirurgische Klinik, Göttingen, Deutschland 

Objective 

The prevalence of bacterial spondylodiscitis has significantly increased in the last two decades. Treatment 
modalities include antibiotics with or without surgical intervention with the goal of eliminating the infectious 
process and limiting the neurological impact, as well as ensuring a faster mobilization of the patient. The 
Brighton Spondylodiscitis Score (BSDS) was developed to help identify patients with spondylodiscitis who would 
fail non-operative management and therefore benefit from earlier surgical intervention. The goal of our study 
was to determine the impact of risk stratification on clinical outcome in patients with spondylodiscitis using 
BSDS. 

Methods 

We retrospectively analyzed patients with spondylodiscitis surgically treated in our institution from 2008 to 
2018. BDSD was evaluated in all patients including 6 categories; distant site infection, medical comorbidity, 
immunocompromise, MRI characteristics, anatomical location and neurological impairment. The score ranges 
from 7 to 33 points. Patients were stratified in 3 groups; low risk (BDSD 7-14), moderate risk (BDSD 15-20) and 
high risk (BDSD 21 -33) and compared regarding length of hospital stay (LOS), neurological outcome and 
mortality. 

Results 

206 patients were included with mean age of 70±12 years. In 74% of the cases no distant infection was detected, 
11% presented with pneumonia, 4% with endocarditis and/or 17% with sepsis. 15 % were immunosuppressed at 
admission. The lumbosacral spine was involved in 58% of the cases and the thoracolumbar spine in 41%. 52% of 
the patients presented with some degree of neurological deficit, from which 7% were paraplegic. Based on the 
BSDS score; 59% had a low risk 29% had a moderate risk and 12% had a high risk. LOS was shorter in the low-risk 
group, mean of 25±15 days, followed by high and moderate risk groups; 35±22 days and 38±31 days, 
respectively, p=0.002. There was a trend towards the high-risk group having a higher 1-year mortality 
than patients with lower scores (p=0.057), however there was not significant difference between the groups in 
term of 30-day mortality p=0.133. No difference was found between the groups regarding neurological outcome 
p=0.402. 

Conclusion 

In patients with pyogenic spondylodiscitis, risk stratification according to BSDS might help identify patients at risk 
of longer hospital stay when treated surgically. However, no correlation was found between BSDS and 
neurological outcome or mortality. 
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Nachweis von niedrig-virulenten Bakterien in gesundem Knochenmehl: Besiedlung oder pathogen? 
Presence of bacteria in healthy spinal bone meal collected during instrumentation – Colonisation or evidence for 
future low- grade infection? 
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Objective 

Cutibacterium acnes is suspected to cause low grade infections and screw loosening after dorsal instrumentation 
and gains more and more interest for its role in spine pathology. While C. acnes belongs to the standard skin 
flora, its pathogenic role remains a question of debate. 

Methods 

We prospectively enrolled patients undergoing spinal instrumentation for trauma or degenerative indications. 
Patients suffering from previous instrumentations, tumors or infections were excluded. Bone meal was collected 
from each screw placement and analyzed separately; preoperative antibiotics were analyzed in parallel. We 
stratified patients in native and preoperated patients who underwent a previous spinal decompression. 

Results 

We included 180 patients and analyzed bone dust from a total of 995 pilotholes for pedicle screws. The presence 
of bacteria was detected in 61.2% of the cases, in only 5.7% we detected abundant bacteria, in 20.8% we 
detected single bacteria and in 52.2% the bacteria were identified only in enrichment medium. C. acnes was the 
most often encountered bacteria (28.4%) in healthy bone meal specimens, followed by Staphylococcus 
epidermidis (25.3%) and Staphylococcus hominis (11.7%). We saw no difference between patients with a native 
or preoperated spine, nor between percutaneous and open instrumention. 

Conclusion 

Overall, bacterial presence was detected in more than half of the healthy bone specimens. Our preliminary data 
suggest a ubiquitous colonization, and screw loosening remains a complex and probably multifactorial 
pathology. Clinical symptoms and imaging should be correlated with positive microbiological results to correctly 
detect and not overestimate its pathogenicity.  
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Ist eine antimikrobielle Therapie bei subklinischer bakterieller Verunreinigungen des Operationsgebiets im 
Rahmen von Reoperationen bei rezidivierender degenerativer Wirbelsäulenerkrankung erforderlich? 
Is antiinfective treatment necessary for subclinical bacterial contamination of the surgical site in same-level 
reoperation due to recurrent degenerative spine disease? 
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Objective 

Surgical site infections (SSIs) are a dreaded cause for recurrent symptomatology requiring reoperation after 
degenerative spine surgery. In contrast to clinically obvious SSIs (with e.g. purulent discharge, fever, elevated 
serum markers and radiological signs of inflammation), subclinical SSIs (with bacterial contamination of the 
surgical site but without clinical/laboratory/imaging inflammatory response) are still under debate with regard to 
their best postoperative management. 

Methods 

In a large single-center cohort of 2552 patients with elective degenerative non-instrumented spine surgery 
between 2014 and 2019, we selected all patients undergoing reoperation in the previously affected segment 
due to recurrent symptomatology during follow-up. We analyzed clinical, laboratory and imaging data and 
routinely performed microbiological cultures via multiple intraoperative smear tests of the surgical site to rule 
out clinical and subclinical SSIs at the timepoint of reoperation. Outcomes and management of those patients 
were analyzed and compared to patients with aseptic recurrence of the degenerative spine disease. 

Results 

A total of 62 patients (m:f=1.6:1, median 69years) underwent same-level reoperation due to recurrent 
symptomatology (mean ∆-time:17±36months), accounting for a same-segment reoperation-rate during follow-
up of 2.4%. 9 of the 62 patients suffered from a clinically obvious SSI demanding an iv- and subsequent po- 
antiinfective postoperative treatment for a total of 8-12 weeks. In contrast, 53 patients showed no 
clinical/imaging/laboratory/intraoperative signs for SSI. However, microbiological culturing of smear testing 
during reoperation showed pathogen growth in 8 of the 53 patients raising suspicion for subclinical SSI 
respective bacterial contamination of the surgical site; these patients underwent close postoperative 
surveillance without initiation of an antiinfective treatment. Outcomes of  those patients were similar to the 45 
patients with aseptic recurrence of the degenerative spine disease in terms of pain reduction (VAS, p=0.990), 
general performance in daily-life (Barthel-Index, p=0.957), and re-reoperation rate (p=1.000). 

Conclusion 

Withholding antiinfective treatment in subclinical SSIs with bacterial contamination of the surgical site but 
without clinical/laboratory/imaging inflammatory response at same-level reoperation after non-instrumented 
degenerative spine disease is a viable option with unimpaired outcome. 
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Interdisziplinäres Bündel zur Infektionsprävention und -kontrolle einschließlich Sonikation verringert Sepsis und 
Sterblichkeit im Krankenhaus bei neurochirurgischen Patienten: Ergebnisse einer prospektiven Kohortenstudie 
Interdisciplinary infection prevention and control bundle including sonication decreases sepsis and in-hospital 
mortality in neurosurgical patients – results of a prospective cohort study 
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Objective 

Surgical site infections (SSI) account for one of the most common causes of nosocomial infections leading to 
increased morbidity and mortality. Here we report the clinical impact of an infection prevention and control 
bundle (IPCB) with focus on the morbidity and mortality in neurosurgical patients experiencing SSI. 

Methods 

From 2014 to 2019, cases of patients who developed a SSI following neurosurgical intervention were recorded 
prospectively in the national surveillance program for nosocomial infections. Three time periods were examined: 
2014 (prior to implementation of IPCB), 2017 (introduction of IPCB), and 2019 (full implementation of IPCB). 
Primary outcome parameters were repeated revision surgeries due to SSI, pathogen detection rate and 
morbidity and mortality following SSI. 

Results 

The IPCB was designed interdisciplinarily. The compliance of IPCB measures was monitored and reached >80–
90% in 2019. Pathogen isolation succeeded more frequently over time n=138 in 2014, n=169 in 2017 and n=199 
in 2019. Repeated revision surgeries decreased from 26 (20%) in 2014 and 31 (23%) in 2017 to 18 (13%) in 2019 
(p=0.085). Significantly fewer patients experienced a sepsis in response to SSI over time (2014: 12%, 2017: 10%, 
2019: 3.6%, p=0.035). Corresponding to that, the in-hospital mortality rate was declining from 12 (9.4%) in 2014 
to 9 (6.6%) in 2017 to 5 (3.6%) in 2019 (p=0.148). 

Conclusion 

Introducing an IPCB in neurosurgery led to a significant reduction of sepsis and a decreased in-hospital mortality. 
Minimization of the diagnostic gap towards a more efficient anti-infective treatment might be the reason for the 
substantial decrease in morbidity and mortality in this cohort. 

 
 



 

114 

 

Infektion und Trauma/Infection and trauma 

V097 

 
Ventrale Schraubenosteosynthese von Densfrakturen Typ II nach Anderson & D'Alonzo bei älteren und 
geriatrischen Patienten – klinisches und radiologisches Outcome 
Anterior screw fixation of type II odontoid fractures according to Anderson & D'Alonzo in elderly and geriatric 
patients – clinical and radiological outcome 

M. Nüssel1, N. Hore1, M. Buchfelder1, S. Brandner1 

1Universitätsklinikum Erlangen, Klinik für Neurochirurgie (Prof. Buchfelder), Erlangen, Deutschland 

Objective 

An increasingly aging society in Western industrialized nations continues challenge established precedents in 
modern medicine, mandating adaptation to this demographic shift. In this context, odontoid fractures constitute 
one of the most common trauma-related injuries and the most frequent injury of the cervical spine in the 
elderly. Although anterior screw fixation represents a common and minimal invasive treatment for type II 
odontoid fractures according to D'Alonzo & Anderson, there is no clear consensus on the benefits of surgical 
management in elderly and especially geriatric patients. 

Methods 

In this retrospective study, we evaluated the surgical outcome following anterior screw fixation for type II 
odontoid fractures according to Anderson & D'Alonzo and in a total of 27 patients, dichotomized into the age 
group of 55 to 75 years (Group 1: elderly) and above 75 years (Group 2: geriatric). Postoperative assessment was 
carried out by evaluating the rate of consolidation on CT-scans and assessment of Neck Disability Index (NDI). 
Statistical analysis was performed using SPSS 22.0 (IBM) by Mann–Whitney test and p values 

Results 

The postoperative consolidation rate following ventral screw osteosynthesis in the patient group of over 75 
years of age constituted 24 %, showing a significantly worse result than in the patient group of 55 to 75 years 
with a postoperative consolidation rate of 60 % (p=0.046). Evaluation of the results of the Neck Disability Index 
(NDI) showed a correspondingly lesser reduction in symptoms in the geriatric patient group with NDI of 18.6 in 
comparison to the elderly patient group with NDI of 26.3 (p=0.035). 

Conclusion 

The results of our retrospective study suggest that geriatric patients (older than 75 years) benefit less from 
anterior screw fixation of odontoid fractures than elderly patients (55 – 75 years). The very low consolidation 
rate in conjunction with postoperative persistence of symptoms challenges the justification for surgical 
management of type II fractures with ventral screw osteosynthesis in geriatric patients. 
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Hat die Fusion dorsaler Facettgelenksstrukturen einen Einfluss auf Art und Ausmaß der Verletzung bei Traumen 
der oberen Halswirbelsäule? 
Does fusion of dorsal facet joint structures influence injury pattern in upper cervical spine trauma? 

K. P. Stein1, A. Erzi1, B. Neyazi1, K. Hartmann1, I. E. Sandalcioglu1 

1Universitätsklinikum Magdeburg, Klinik für Neurochirurgie, Magdeburg, Deutschland 

Objective 

Mono- and multisegmental congenital and acquired fusions of the dorsal facet joint structures are common 
incidental findings on CT imaging of the cervical spine. Our study analyzed differences in injury pattern of the 
upper cervical spine between patients with and without dorsal fusion. 

Methods 

342 patients with injuries of the upper cervical spine from the period 2004-2020 were retrospectively examined 
and spinal CT, MRI and X-ray function images were evaluated. We paid special attention to differences in injury 
pattern with regard to the presence of traumatic spondylolysis C2 and odontoid fractures according to the 
classification by Anderson D'Alonzo. 

Results 

Dorsal fusion of cervical segments was found in 82 patients (24%). Among these, in 46 cases at least the C2/C3 
segment was involved (unilateral n=24, bilateral n=22). In this subgroup, odontoid fractures were the 
predominant injury pattern in 43 patients (93%; type II n=35, type III n=8). Traumatic spondylolysis C2 was 
present in 8 patients (17%, unilateral n=3, bilateral n=5). Taking into account common intersections, traumatic 
spondylolysis C2 (unilateral n=3, bilateral n=1) was found in four patients suffering from odontoid fractures (type 
II n=1, type III n=3). In the subgroup without dorsal fusion C2/C3 (n=296), 200 patients (68%, Fisher"s exact test 
p=0.002; type II n=142, type III n=56) harbored odontoid fractures and 60 patients (20%) traumatic spondylolysis 
C2 (20%, unilateral n=16, bilateral n=44). 

Conclusion 

Fusion of dorsal cervical facet joint structures is a common phenomenon and highly variable. Especially fusion of 
the key segment C2/C3 is accompanied by a high rate of odontoid fractures, preferably due to an altered 
biomechanical stress on this segment. 
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Einfluss von spinaler Muskelmasse, Knochendichte und Frailty auf den Erfolg einer dorsalen Spondylodese bei 
osteoporotischen Wirbelkörperfrakturen 
Influence of sarcopenia and bone mineral densitiy on implant failure after spinal instrumentation in patients with 
osteoporotic vertebral fractures 

L. Schmidt1, D. Jankovic1, F. Ringel1, H. Krenzlin1, N. Keric1 

1Universitätsmedizin der Johannes Gutenberg-Universität Mainz, Neurochirurgische Klinik und Poliklinik, Mainz, Deutschland 

Objective 

Osteoporosis is the most common age-related progressive skeletal disease characterized by bone loss and a 
predisposition for osteoporotic vertebral fractures. The management often necessitates fusion surgery, with 
high rates of implant failure. We aim to determine the impact of frailty, sarcopenia,  and bone density on the 
complication rate and implant failure in patients with lumbar spondylodesis due to osteoporotic vertebral 
fractures. 

Methods 

Data acquisition was conducted as a single-center retrospective analysis. Patients diagnosed with osteoporotic 
fractures between 2011 and 2020, were included in our study. To determine sarcopenia, cross-sectional areas of 
the psoas at L3 and L4 were measured using axial CT images.  Bone density (HU) of the vertebral body was 
measured at the same levels. Charlson Comorbidity Index (CCI) and Groning frailty index (GFI) were used to asses 
frailty of each patient. Primary end point were early surgical complications, implant loosening and persistent 
lower back pain during follow-up examinations. 

Results 

79 Patients underwent instrumentation for osteoporotic vertebral fractures in 202 segments (median age 
73.9±8.7 years, 41.8% female). Median time of follow up was 9.5 months (IQR 21.25 mo). Median CCI in our 
cohort was 4 (IQR of 2), median GFI was 4 (IQR of 2),. Early surgical complications occurred in 11 patients (13.9%, 
mean age 71.3±7.3 years, median CCI 4, median GFI 4) implant loosening in 16 patients (20.2%, mean age 
73.99±7.8 years, median CCI 4, median GFI 4). No difference was found between CCI and GFI both groups. The z 
normalised spinal muscle area negatively correlated with component loosening (R=-0.2829 p=0.015). Bone 
densitiy and CCI showed no statisticaly significant diffenence. At the time of the follow up 77.8% of patients 
reported having lower back pain (median NRS 2.5 IQR 4). 

Conclusion 

In our cohort, sarcopenia was associated with implant failure in patients with  osteoporotic vertebral fractures, 
while age and frailty had no influence. Thus, spinal muscle mass serves as predictor and might offer insights into 
the prevention of impending implant failure. 
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Hohe Raten an Zementembolien nach zementaugmentierter Pedikelschraubenfixation: eine 12-jähringe 
monozentrische Studie 
High rate of pulmonary cement embolism after cement-augmented pedicle screw fixation – a 12-year single 
centre study 

P. Lenga1, A. A. Bajwa1, A. W. Unterberg1, T. Schneider2, J. Iwanaga3, S. Tubbs3, K. Kiening1, B. Ishak1 

1Universitätsklinikum Heidelberg, Neurochirurgische Klinik, Heidelberg, Deutschland 
2Universitätsklinikum Heidelberg, Klinik für Neuroradiologie, Heidelberg, Deutschland 
3Tulane University School of Medicine, Department of Neurosurgery, New Orleans, LA, Vereinigte Staaten 

Objective 

With the global trend of increased life expectancy because of remarkable improvements in health care quality, 
osteoporotic fractures and degenerative spine diseases have been gaining increasing attention. Cement-
augmented pedicle screw fixation has been established as the mainstay treatment for patients with poor bone 
quality. The aim of the present study was to determine the number of patients with cement leakage and 
pulmonary cement embolism (PCE) rates as detected on thoracic computer tomography (CT) scans, and to 
assess the potential risk factors for PCE. 

Methods 

This study included patients undergoing cement-augmented pedicle screw placement in our institution from 
May 2008 to December 2020. Data regarding baseline characteristics, complications, and cement leakage rates 
were collected. A CT scan was performed in patients with cement leakage on radiograph or upon surgeon"s 
request as part of the diagnostic workup for PCE. Other indications for thoracic CT-scan were analyzed. 

Results 

A total of 104 patients with a mean age of 72.8 years (SD 6.7) were included. Among 802 screws 573 were 
cement-augmented. Among 104 patients, 44 (42.3%) underwent thoracic CT scans to diagnose PCE; additionally, 
67 (64.4%) demonstrated cement leakage, of whom 27 developed PCE, and four developed symptoms. Cement-
augmented thoracic screws were risk factor for the occurrence of PCE (odds ratio 1.5, 95% confidence interval 
1.2–2.1; p = 0.004). 

Conclusion 

This study showed a high prevalence of cement leakage after cement-augmented pedicle screw insertion, with a 
relatively frequent incidence of PCE, as tracked on thoracic CT scans. Over 40% of the total cohort received a 
thoracic CT to track the occurrence of PCE, hence substantiating the fidelity of our results.  PCE seems to be a 
very frequent phenomenon (27/104, 26%);however, it remains mostly clinically asymptomatic. The indication for 
cement augmentation, especially in patients with thoracic instrumentation, should be defined with raised 
awareness. 
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Vergleich von endoskopischer und mikroskopischer ICG-Angiographie in der elektiven Aneurysma-Chirurgie: 
Einführung einer semi-automatischen Videodatenanalyse-Methode 
Comparison of endoscopic and microscopic ICG-Angiography in elective aneurysm surgery – Introduction of a 
Semi-automated video data analysis method 

P. Dodier1, E. Knoll1, W. T. Wang1, G. Bavinzski1, J. M. Frischer1, K. Rössler1, C. Dorfer1 

1Medizinische Universität Wien, Universitätsklinik für Neurochirurgie, Wien, Österreich 

Objective 

Despite the recent advancements in endovascular techniques, microsurgical clipping remains an essential 
treatment modality for intracranial aneurysms. Intraoperative microscopic ICG videoangiography (mICG-VA) 
evolved into an indispensable technique to confirm complete aneurysm occlusion as well as preserved blood 
flow in the parent, branching, and perforating arteries. Recent advancements allowed the introduction of 
endoscope-assisted ICG videoangiography (eICG-VA), with the goal to extend the field of vision. The aim of the 
present study was to objectively compare endoscope-assisted ICG videoangiography (eICG) with its established 
microscope counterpart by developing and introducing a novel method for semi-automated video data analysis. 

Methods 

In this retrospective study, combined endoscopic and microscopic ICG-VA were applied in 24 elective aneurysm 
clipping procedures (study group) compared to 16 conventionally treated mICG-VA control cases. Video 
recordings were reviewed to assess the clinical value and consequences of eICG-VA and mICG-VA. The video 
data was analyzed in a novel computer-assisted process to extract quantified information on ICG intensity inside 
both the aneurysm and its parent artery. Additionally, statistical analyses were performed to assess baseline 
characteristics, clinical outcome and number of clips used. 

Results 

In direct comparison to mICG-VA, eICG-VA provided superior visualization in 32% of cases. The novel, 
quantitative video data analysis process made it possible to quantify ICG intensity in the aneurysm and a 
reference artery in both fluorescence techniques. The resulting data suggest that additional clips were 
unnecessarily applied in three cases, whereas it demonstrated an incomplete aneurysm occlusion in a single 
case. The application of eICG use resulted in a reduction in the use of clips, with a combined number of 
implanted + discarded clips of 1.9 ± 1.0 vs. 3. ± 1.8 (Study vs. Control; mean ± SD; p = .027). 

Conclusion 

We explored a novel semi-automated video data analysis process to quantify cerebrovascular perfusion based 
on ICG-VA. It provided a different perspective on post-clipping aneurysmatic perfusion in 5 cases, conflicting 
with and challenging the surgeon"s assessment. In the future, equipment manufacturers could automate and 
integrate this process into the microscope"s software. This would allow surgeons to take advantage of an 
intraoperative, quantified perfusion analysis, liberated from the limitations of human perception. 
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Fig. 1 
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Postoperative zerebrale Ischämie nach temporärer Okklusion bei Arteria communicans anterior Aneurysmata 
Postoperative cerebral ischemia after temporary occlusion in anterior communicating artery aneurysms 

O. Petr1, C. Preuss-Hernandez1, P. Geiger1, A. Krigers1, C. Thomé1 

1Medizinische Universität Innsbruck, Universitätsklinik für Neurochirurgie, Innsbruck, Österreich 

Objective 

Temporary arterial clipping (TAO) of A1 segments for ACOM aneurysm surgical treatment is a widely used 
technique. It remains unclear for how long the A1 occlusion is safe or whether the A1 dominance plays a role in 
cerebral ischemia incidence after using this technique. We aimed to investigate the safety and outcomes of TAO 
strategies in ACOM aneurysms. 

Methods 

All cases of surgically treated ACOM aneurysms from 2010 to 2020 were retrospectively analyzed. Demographic, 
clinical data and detailed information regarding the surgery and TAO (i.e., length for ipsilateral, contralateral and 
dominant A1 segments, side of craniotomy, vasospasm, presence of postoperative cerebral ischemia) were 
retrospectively collected. 

Results 

In total, 162 patients were analyzed, 54 (33%) treated for unruptured and 108 (67%) for ruptured ACOM 
aneurysm. Cerebral ischemia occurred in 30% (34/115) patients after TAO compared to 11% (5/44) w/o TAO 
(p=0.017). In patients with unruptured ACOM-aneurysms, all 6 cases of ischemia were associated with TAO. 
Subarachnoid hemorrhage (p=0.008) and cerebral vasospasms (p=0.006) increased the odds for postoperative 
cerebral ischemia. Both single maximal and total summated time of intermittent TAO were related to ischemia in 
case of A1 occlusion ipsilateral to craniotomy (p=0.009 and p=0.014, respectively). The odds for cerebral 
ischemia increased of 5% pro minute for single maximal TAO time in logistical regression (OR 1.051, CI95% 
1.006-1.097; p=0.025). According to ROC-curve, the cut-off for safe TAO of ipsilateral A1 was 12.5 minutes 
(sensitivity 0.56, specificity 0.77, AUC 0.684). The safe total summated time of intermittent ipsilateral A1 TAO 
was between 11.1 to 20.5 minutes without any definite cut-off point according to Youden index (AUC 
0.685). TAO of contralateral or dominant A1, or side of craniotomy did not correlate with postoperative cerebral 
ischemia. 

Conclusion 

Prolonged TAO of ipsilateral A1 more than 12.5 minutes appears to be hazardous due to postoperative cerebral 
ischemia. Similarly, a total summated TAO time of longer than 21 minutes should be avoided. Referring the 
postoperative cerebral ischemia, TAO of contralateral A1, A1 dominance or side of craniotomy are of peripheral 
importance. 
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Mikrochirurgisches Clipping vs. endovaskuläre Versorgung mit dem Woven EndoBridge (WEB) device von 
rupturierten breitbasigen Bifurkationsaneurysmen 
Microsurgical clipping vs. Woven EndoBridge (WEB) device for the treatment of ruptured Wide-neck bifurcation 
aneurysms (WNBAs) 

B. Kranawetter1, D. Mielke1, V. Malinova1, V. Rohde1, S. Hernández-Durán1 

1Universitätsmedizin Göttingen, Neurochirurgische Klinik, Göttingen, Deutschland 

Objective 

In 2010, the Woven EndoBridge (WEB) has been introduced for the treatment of unruptured WNBAs. By now, 
first data on the off-label use of the WEB device for ruptured bifurcation aneurysms have been published. A 
recent U.S. multicenter study reported a low rate of procedure-related complications; however, complete 
occlusion was only achieved in half of the patients. Thus, the main hypothesis was that microsurgical clipping of 
ruptured WNBAs is associated with a similar; low treatment risk but achieves significant higher occlusion rates. 
Therefore, we compared our institutional results after microsurgical clipping of ruptured WNBAs with a U.S. 
multicenter cohort by Cortez et al. treated with the WEB device. 

Methods 

A retrospective study of consecutive adult patients with ruptured WNBAs who underwent microsurgical clipping 
at our institution between 2010 and 2020 was performed. According to the WEB protocol, ruptured WNBA 
aneurysm with necks measuring between 2.5 and 8 mm, a size between 2.8 and 17 mm, and a dome-to-neck 
ratio >1 and were included. Primary outcome measure was the complete occlusion of the aneurysm according to 
a Raymond Roy Occlusion Classification (RROC) Class I. Secondary outcome measures were procedure-related 
morbidity and mortality. Subsequently, our institutional results were compared with the data on the 
endovascular treatment with the WEB device published in a U.S. multicenter study by Cotez et. al. 

Results 

A total of 87 patients with ruptured WNBAs were included. Mean age at time of ictus was 56.2 ± 13.6 years. The 
most common aneurysm location was the anterior communicating artery (45/87, 52%), followed by the MCA 
bifurcation (38/87, 44%), ICA-terminus (2/87, 2%), and basilar apex (2/87, 2%). Mean neck size was 3.8 ± 1.3 mm 
and mean dome size was 4.9 ± 1.8 mm. The complete occlusion rate after microsurgical clipping was 94% 
(82/87) and was significantly higher (p<0.001) compared with the endovascular method (48%). The procedure-
related morbidity in our cohort was 2.3% (2/87) and 3.3% (3/91) in the comparative group (p=1.00). In both 
groups around 13% (11/87 and 12/91) of the patients died as a result of the subarachnoid hemorrhage. 
However, the procedure-related mortality was 0% (0/87 and 0/91) in both cohorts. 

Conclusion 

The study demonstrates that microsurgical clipping is a safe and effective treatment method for ruptured 
WNBAs aneurysms and that it is superior to the endovascular treatment with the WEB device in terms of 
complete occlusion rates. 
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Bewertung der chirurgischen versus endovaskulären Behandlung der pericallosal Anevrismen, ruptuiert und 
nicht ruptuiert: eine internationale Studie 
Evaluation of the surgical versus endovascular treatment of ruptured and unruptured pericallosal aneurysms – an 
international multicentric study 
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Objective 

Treatment of pericallosal aneurysms (PeriAy), whether endovascular or surgical, relies more on the 
neurovascular team experience than on evidence-based guidelines. This study aims to compare endovascular 
and surgical treatments of PeriAy, ruptured and unruptured. 

Methods 

All data were extracted from the Pericallosal Aneurysm Study Group data base, an multicentric international 
cohort collecting data on patients treated for at least one PeriAy, ruptured and unruptured. Outcomes were 
compared by endovascular versus surgical treatments, and by rupture status. The primary outcome was the mRS 
at 12 months. Secondary outcomes were the aneurysmal complete occlusion at 12 months, the rate of 
complications, and vasospasms requiring invasive treatment. 

Results 

One hundred and sixteen treated pericallosal aneurysms were included, 31 (26.7%) were treated endovascularly 
and 85 (73.3%) were treated surgically. Fifty-three treatments concerned ruptured PeriAy (21 endovascular 
(67.7%), 32 surgical (37.6%) (p<0.001)). Demographics were similar between groups. No difference regarding the 
mRS at 12 months was observed between the treatment groups (endovascular and surgical groups respectively 
(median): all 0 [Q1:0, Q3:2], 0 [Q1:0, Q3:1]; unruptured 0 [Q1:0, Q3:1], 0 [Q1:0, Q3:1]; ruptured 0 [Q1:0, Q3:2], 0 
[Q1:0.5, Q3:2]).No residual perfusion of the PeriAy was observed in the surgical treatment group, whereas 44.4% 
of the endovascularly-treated aneurysms were found to have residual perfusion (p<0.001). The need of invasive 
treatment for vasospasm was significantly lower in the surgical group (12.5%) compared to the endovascular 
group (38.1%, p=0.04). No difference was observed regarding the complication rate (endovascular 29%, surgical 
16.5%, p=0.19). 

Conclusion 

Although surgical treatment reduces the risk of aneurysmal residual perfusion and the need of invasive 
treatment for vasospasms, ruptured PeriAy are more often treated endovascularly. PeriAy should be considered 
for surgical treatment, especially if ruptured. Endovascular treatment should be reserved for morbid patients 
with surgical risk. Multicentric data collection is still ongoing. 
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Transientes rapid ventricular pacing zur Erleichterung des Clippings von intrakraniellen Aneurysmen: 
Erfahrungen in einer Serie von 18 Patienten 
Transient rapid ventricular pacing to facilitate clip ligation of complex intracranial aneurysms – experience in a 
series of 18 patients 

J. M. Lang1, T. Palmaers1, J. K. Krauss1 

1Medizinische Hochschule Hannover, Klinik für Neurochirurgie, Hannover, Deutschland 

Objective 

The morphology of cerebral aneurysms is highly variable. Complex aneurysms may result in difficult surgical 
exposure for clip ligation. Secure clip application is often not feasible without temporary intraaneurysmal 
pressure reduction. Softening of aneurysms can be accomplished with various techniques, and transient rapid 
ventricular pacing (RVP) has been shown to have several advantages. We describe here our experience with this 
technique in a series of 18 patients. 

Methods 

We analyzed demographic data, aneurysm characteristics, application characteristics, radiological and clinical 
outcome, and procedure specific complications. 

Results 

Eighteen patients (11 women, 7 men; mean age 54 years) underwent microsurgical clipping of intracranial 
aneurysms: anterior communicating artery (7 patients), paraclinoid internal carotid artery (4 patients), middle 
cerebral artery (2 patients), posterior communicating artery (2 patients), internal carotid artery bifurcation (2 
patients) and anterior choroideal artery (1 patient). Eight patients (44%) had suffered subarachnoid hemorrhage 
from aneurysm rupture, 10 patients (56%) had carried incidental aneurysms. Mean aneurysm size was 12 mm 
(range 3-64). Reasons for transient RVP were impracticality of temporary proximal vessel clipping in paraclinoid 
internal carotid artery aneurysms (4 patients) and better visualization with softening of aneurysms (14 patients). 
Mean transient RVP lasted 110 sec (range 19-345) with  modulating heart rate to 150-200 beats per minute.  In 5 
patients a single maneuver  of RVP was carried out, in 7 patients a second , in 2 patients a third, in 2 patients a 
fourth and in 1 patient a fifth. In 16 patients (89%)  transient RVP facilitated clip application, while in 2 patients 
aneurysm clipping still could not be achieved with RVP (1 patient with a subtotally calcified, partially thrombosed 
giant aneurysm and in 1 patient pace maker probe could not placed correctly). After RVP cessation all patients  
showed sinus rhythm without transient atrial fibrilliation. In 17 patients (94%) complete aneurysm occlusion was 
reached. In 2 patients postoperative cranial computed tomography revealed  territorial cerebral infarction 
(Heubner and lentico-striate territory) with hemiparesis in one patient. 

Conclusion 

In selected patients RVP is a useful technique to facilitate clip ligation of complex aneurysms. The use of RVP is 
limited in patients with calcified and partially thrombosed aneurysms. 
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Lebensqualität nach hochgradiger aneurysmatischer Subarachnoidalblutung – prospektive Daten der hWFNS 
Studie 
Quality of life after poor-grade aneurysmal subarachnoid haemorrhage – prospective data from the hWFNS trial 
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Objective 

Poor-grade aneurysmal subarachnoid hemorrhage (aSAH) is associated with high mortality and poor outcome. 
Data on quality of life (QoL) among survivors is scarce. Here we present QoL- and outcome-data from the 
prospective multicentric hWFNS-trial (NCT02304328). 

Methods 

This study enrolled 250 patients suffering from poor-grade aSAH (WFNS grades IV and V) in 8 centers in 
Switzerland and Germany. Six months after ictus a structured telephone interview was conducted by an 
independent trained investigator or study nurse blinded to the clinical course to collect QoL- and outcome data. 
Outcome was measured with the modified Rankin scale. QoL was measured using the EQ-5D-3L questionnaire, 
which assesses health profiles in five dimensions (mobility, self-care, usual activities, pain and discomfort, 
anxiety and depression), each of which has three response levels (no problems, some problems, extreme 
problems). Furthermore, a health state index score was calculated from all individual EQ-5D-3L health profiles 
using a germany-specific value set of the general population as a reference. Values range from 0 to 1, where 0 is 
a health state equivalent to death and 1 is equivalent to perfect health. 

Results 

Of 237 patients that were included in the analysis, 118 (49.8%) were alive after 6 months (mRS 0-5) and 119 
(50.2%) were dead (mRS 6). Of those alive, 82 (70%) were at home, 19 (16.3%) received permanent care in a 
nursing home and 16 (13.7%) were in a rehabilitation clinic. The proportion of patients reporting no problem 
versus any problem (some problems and extreme problems) for the respective five domians of the EQ-5D-3L 
were: Mobility: 63 (53.4%) vs 55 (46.6%); selfcare: 69 (58.5%) vs 49 (41.5%); usual activities: 50 (42.4%) vs 68 
(57.6%); pain and discomfort: 67 (56.8%) vs. 51 (43.2%); anxiety and depression: 68 (59.7%) vs 46 (40.3%). 22 
(19.3%) patients reported no problems in each domain of the EQ-5D. The overall health state index score was 
0.75 (±0.29). 
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Conclusion 

The proportion of survivors of poor-grade aSAH with good quality of life six months after ictus is reasonably 
large. Up to 19% of patients report no restrictions of any health domain of the EQ-5D-3L and 70% are at home. 
Only a small number of patients report poor quality of life and require permanent care. 
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Kardiopulmonale Reanimation nach präklinischem Herzstillstand bei Patienten mit aneurysmatischer 
Subarachnoidalblutung – eine retrospektive multizentrische Studie 
Prehospital sudden cardiac arrest following cardiopulmonary resuscitation in patient with aneurysmal 
subarachnoid haemorrhage – a retrospective multi-centric study 

T. Pantel1, A. Neulen2, M. M. Mader1, A. Piffko1, M. Westphal1, F. Ringel2, P. Czorlich1 
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Objective 

Aneurysmal subarachnoid hemorrhage (SAH) is an acute neurologic condition that can be associated with out-of-
hospital cardiac arrest (OHCA) in some cases. Thus, in addition to SAH, OHCA is the second acute problem that 
critically affects the outcome of these patients. Regardless of the genesis of OHCA, an immediate start of 
cardiopulmonary resuscitation (CPR) is important to ensure survival. However, little data is available for SAH 
patients. In this study we set out to investigate both the impact of lay CPR as well as the initial clinical 
management on the overall outcome of SAH patients presenting with prehospital OHCA. 

Methods 

A multi-center retrospective analysis of the local SAH databases for documented OHCA and CPR in the period 
from 2011 to 2020 was performed. Patients fulfilling these criteria were further analyzed for individual and 
disease specific parameters. Information on clinical management after hospital admission were gathered from 
the institutional health record systems, CPR linked data were extracted from the ambulance and emergency 
room reports. Data were correlated with patient´s survival as defined outcome parameter. 

Results 

1120 patients with SAH were screened and 38 patients with SAH, OHCA and CPR (3.4%) were identified. Lay CPR 
was performed in 20 patients, further 18 (47.4%) patients CPR was carried out by emergency service. Time to 
CPR was significantly shorter for lay CPR (p<0.001). 17 patients (44.7%) were initially not assigned to a computer 
tomography (CT), time to CT from admission in this subgroup was significantly prolonged (154 ± 58 vs. 40 ± 23 
min; p<0.033). Overall survival rate of patients with OHCA was 29.7% (11 patients). However, lay CPR (p=0.632) 
and shorter duration to the initial CT scan (p=0.065) were not associated with higher survival rates. 

Conclusion 

Sudden OHCA occurs frequently in patients with aneurysmal SAH. A prompt and high-quality CPR is crucial to 
facilitate patient"s survival, independent if performed as lay- or professional CPR. Although duration to initial CT 
scan after hospital admission did not influence the overall outcome, SAH should be considered as a reason for 
OHCA in every patient and cranial CT should be integrated into the diagnostic work-up of these patients. 
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Niedrigdruck-Hydrocephalus nach Aneurysmatischer Subarachnoidalblutung 
Low-pressure hydrocephalus after aneurysmal subarachnoid haemorrhage 
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Objective 

Acute and chronic hydrocephalus are common pathologies after aneurysmal subarachnoid hemorrhage (SAH). In 
general, presence of hydrocephalus is associated with an elevated intracranial pressure (ICP). Nevertheless, in 
some SAH patients hydrocephalus without elevated ICP is present and described as low-pressure hydrocephalus 
with very limited data in the literature. Aim of this study was to evaluate the rate and associated factors with 
low-pressure hydrocephalus. 

Methods 

In this retrospective single-center cohort study from 11/2010 to 05/20 patients with SAH and low-pressure 
hydrocephalus were evaluated. Low-pressure hydrocephalus was defined as follows: 1) Increase of ventricular 
size measured by Evans index; 2) ICP within normal range (< 15mmHg) at time of ventricular enlargement; and 3) 
timely neurological improvement after forced cerebrospinal fluid (CSF) drainage via indwelling ventricular drain 
with negative pressure up to 5 cm H2O below normal reference. Demographic and SAH specific factors were 
extracted from the electronic medical chart and further analyzed. The level of statistically significance was set to 
0.05. 

Results 

From 11/2010 until 05/2020 15 out of 618 (2.4%) SAH patients were diagnosed with low-pressure 
hydrocephalus. Low-pressure hydrocephalus was diagnosed after an average of 13.1 (± 7.7) days. A higher Evans 
index on the initial computer tomography (0.323 ± 0.0483 vs. 0.291 ± 0.0481; p=0.01) was the only factor 
associated with the occurrence of low-pressure hydrocephalus. The Evans index in patients with low-pressure 
hydrocephalus at the day of diagnosis rose to 0.376 ± 0.0486. Median Glasgow Coma scale after forced CSF 
drainage improved from 8 to 9 (p=0.02). Patients with low-pressure hydrocephalus developed a chronic 
hydrocephalus requiring ventricular-peritoneal shunting (VPS) more often (60.0 vs. 11.9%; p<0.0001) and stayed 
longer in the hospital (27.0 ± 13.2 vs. 17.1 ± 11.7 days; p=0.001). 

Conclusion 

Low-pressure hydrocephalus is a rare pathology in patients with SAH and should be considered especially in 
patients with an increase in ventricular width and normal ICP values. Since no well-known clinical parameters are 
associated with the occurrence of low-pressure hydrocephalus although there was a higher rate of VPS further 
examinations in the field of neuroinflammation and the glymphatic system should be carried out to clarify the 
pathophysiology. 
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Multicentre probabilistic mapping reveals optimal stimulation site in essential tremor 
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Objective 

The objective of this study was to obtain individual clinical and neuroimaging data of patients who underwent 
Deep Brain Stimulation for essential tremor from five different European centers in order to identify predictors 
of outcome and to identify an optimal stimulation site. 

Methods 

This is a retrospective exploratory analysis. We collected baseline covariates, pre- and postoperative clinical 
tremor scores (12-month) as well as individual imaging data from 119 patients to obtain individual electrode 
positions and stimulation volumes. Individual imaging and clinical data was used to calculate a probabilistic 
stimulation map in normalized MNI space using voxel-wise statistical analysis. We used out-of-sample cross-
validation techniques to estimate predictors of tremor reduction. 

Results 

Preoperative tremor severity was the only baseline parameter that showed a weak but significant correlation 
with postoperative DBS outcome. Probabilistic mapping of stimulation effects yielded  statistically significant 
cluster of voxels that were associated with a clinically relevant greater than 47 % tremor improvement. This area 
of optimal stimulation extended from the posterior subthalamic area to the ventralis intermedius nucleus and 
coincided with the area of highest likelihood to contain the normative structural-connectivity-based cerebello-
thalamic tract (CTT). The anatomical location of stimulation was the overall best predictor of outcome and could 
be used to correctly classify a greater than 50% tremor improvement with a sensitivity of 89% and a specificity of 
57%. 

Conclusion 

Our multicentre ET probabilistic stimulation map identified an area of optimal stimulation along the course of 
the CTT. This target will be made openly available and may be used to guide surgical planning and for computer-
assisted programming of deep brain stimulation in the future. 
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Spurwechsel beim Wirkverlust nach thalamischer DBS bei essentiellen Tremor - welche Rolle spielen kreuzende 
und nicht-kreuzende Anteile des dentato-rubrot-halamischen Bündels? 
Changing Lanes – the potential role of decussating and non-decussating portions of the dentatorubrothalamic 
bundle in delayed therapy escape after thalamic DBS for essential tremor 
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Objective 

Delayed therapy escape after thalamic DBS for essential tremor (ET) is a serious condition affecting 30-40% of 
patients in the later postoperative course and is rarely covered in observational studies. The causes for this 
phenomenon are subject to debate. Attempts to alleviate symptoms include pulse width reduction to widen the 
therapeutic window. We assume that antidromic stimulation of cerebellothalamic fibers contributes to this 
phenomenon by differentially addressing decussating (DRTx) and non-decussating (DRTn) portions of the 
dentatorubrothalamic bundle. 

Methods 

13 right-handed patients affected by delayed therapy escape (progressive intention tremor predominantly on 
the left, gait ataxia) after thalamic DBS for ET received stimulation optimization and pulse width reduction. They 
were classified as responders (n = 5) or non-responders (n = 8) according to their outcome on the scale for the 
assessment and rating of ataxia (meaningful improvement > 1.5 points). 3 patients without therapy escape were 
included as exploratory control group. Preoperative MRI and postoperative CT scans were normalized and 
coregistered in MNI space as well as the DRTx and DRTn derived by global tracking (seeds: superior cerebellar 
peduncle, red nucleus, precentral gyrus) from Human Connectome Project data. The volume of activated tissue 
(VAT) was calculated from stimulation parameters and the individual overlap with DRTx and DRTn determined. 
The ratio (DRTn/DRTx) of the right VAT (corresponding to predominantly left sided symptoms) was compared in 
responders and non-responders with an unpaired t-test. Exploratory analyses of the left VAT and patients 
without therapy escape are included as illustration. 

Results 

We found that VATs on the right in non-responders compared to responders address a bigger proportion of 
DRTn fibers at trend level (p = 0.052). Exploratory analyses denote that this pattern is not present in the left VAT 
but even more pronounced when comparing right VATs in non-responders and patients without therapy escape 
(Fig. 1+2). 

Conclusion 

We present preliminary evidence suggesting that delayed therapy escape after thalamic DBS may be due to an 
increased ratio of DRTn vs. DRTx fibers addressed by the VAT on the non-dominant side, which seems to be 
more vulnerable to this effect. More subjects will have to be studied to clarify the potentially mitigating role of 
decussating DRT in delayed therapy escape. This may help to define the target in thalamic DBS for tremor more 
precisely. 
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Fig. 1 
 

 
 
 
Fig. 2 
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Verwendung segmentierter DBS Elektroden für die direktionelle Stimulation des Globus pallidus internus zur 
Behandlung der Dystonie im Kindesalter 
Directional deep brain stimulation of the globus pallidus internus in treatment of childhood dystonia 
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Objective 

In generalized dystonia, bilateral deep brain stimulation of the globus pallidus internus (GPi-DBS) is reported to 
be an efficient therapeutic option(1). As the commonly used quadripole cylindrical lead originates electrical 
current in all directions, inadvertent spreading to adjacent structures may cause stimulation-induced side 
effects. With the addition of directional elements and the use of eight contacts, more precise GPi-DBS 
stimulation programming is available.(2, 3) Reports about directional stimulation in GPi-DBS treating dystonia are 
scarce. Here, we report our experience using segmented DBS leads for treatment of childhood dystonia. 

Methods 

The institutional data base was retrospectively reviewed since the first child with dystonia was treated with GPi-
DBS in our institution in 2019. All patients suffering from severe dystonia who were treated with GPi-DBS using 
segmented DBS leads were included in this case series. 

Results 

Four patients with severe generalized dystonia who were treated with GPi-DBS in our institution were identified. 
The mean age of patients was 11.4 years (range 8 - 18 years). In all cases, segmented DBS leads were implanted 
under general anesthesia. The underlying cause of dystonia included genetic etiology of dystonia (n=2), hypoxic 
encephalopathy (n=1) and idiopathic dystonia (n=1). Three patients had an excellent response, whereas one 
child only showed partial response to GPi-DBS. As side effect, temporary dysarthria occurred in one patient. 
Dysarthria alleviated after changing the stimulation parameters. 

Conclusion 

This case series emphasize that horizontal steering of the electrical field by applying directional stimulation can 
be used both to attenuate inadvertent spreading of the electrical current causing side-effects and to improve the 
clinical benefit of DBS in treating dystonia. 
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Anti-dementielle Sub-Regionen des Nucleus basalis Meynert bei M. Parkinson: eine VTA DBS-Analyse mit 
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Objective 

Nucleus Basalis of Meynert (NBM) is a group of cholinergic neurons in the basal forebrain that have a role in 
various cognitive functions. Animal and postmortem studies reveal widespread projections to the neocortex, 
hippocampus, and other cortical and subcortical structures. In cases of dementia, including Alzheimer"s and 
Parkinson"s disease (Parkinson"s Disease Dementia) patients, NBM is shown to suffer cellular degeneration. 
Deep Brain Stimulation (DBS) of NBM is recently being clinically investigated as an experimental treatment for 
cognitive impairment symptoms of dementia, with however variable effects across different centers.  

Methods 

A cohort of 10 patients that underwent a Phase Ib clinical trial at our center receiving bilateral NBM-DBS was 
retrospectively analyzed. Image co-registration & local neurostimulation effects were computed using Brainlab 
guideXT software. Publicly available normative functional and structural connectome templates were applied for 
connectivity analysis. Data-driven (voxel-wise t-test, Threshold-Free Cluster Enhancement) and anatomical 
hypothesis-driven analyses were employed. Corresponding clinical impression scores for each patient on the 
ADCS-CGIC scale were correlated on each of their Volume of Tissue Activated (VTA). 

Results 

NBM-DBS enhances fiber projections to the whole network of Papez and other cognitive-related regions. 
Amygdala, fornix, subiculum, and cortical areas such as parietal, cingulate, occipital and temporal cortices 
received significantly high structural connectivity through NBM-DBS (a<0.05). In additional areas like the 
ventromedial pre-frontal cortex and insula that displayed no significance in structural connectivity, high 
functional correlation (a<0.05) could be detected. VTAs of subjects with a clinically beneficial outcome 
demonstrate an inferolateral clustering within the intermediate sector of NMB (p=0.04 on x axis).  

Conclusion 

NBM-DBS is associated with widespread structural and functional connectivity in cortical and subcortical areas 
involved in cognition.  The precise location within the NBM nucleus could be crucial for the clinical efficacy of 
NBM-DBS, which could explain the varying results across different centers. An inferolateral targeting approach 
within the intermediate sector of the nucleus might result in a relevant clinical effect. 
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Tiefe Hirnstimulation: In welchem Abschnitt sollte das mediale Vorderhirn-Bündel bei psychiatrischen 
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Deep Brain Stimulation – Where should we stimulate the medial forebrain bundle in psychiatric disorders? 
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Objective 

It has been suggested that the medial forebrain bundle (MFB) might be the structure to be stimulated in several 
psychiatric disorders. However, the MFB takes course over a long distance from the brainstem to the prefrontal 
cortex. Several targets on or nearby the path of the MFG have been tried in deep brain stimulation like the 
ventral anterior tegmentum (VAT), anteromedial subthalamic nucleus (amSTN) and the bed nucleus of the stria 
terminalis (BNST).  In our study we investigated whether these stimulation sites are connected to the MFB 
exclusively or if other fiber tracts are involved? 

Methods 

16 cerebral hemispheres in 8 patients with obsessive compulsive disorders were investigated. Three different 
regions of interest (ROI) were defined as seed regions for fiber tracking: the ventral anterior tegmentum (VAT), 
 the anteromedial subthalamic nucleus (amSTN) and the bed nucleus of the stria terminalis (BNST). Tractography 
was executed on diffusion weighted images with 64 gradient directions from a 3T scanner and the patients 
under general anesthesia. 

Results 

The seed region in the BNST provided the most circumscribed depiction of the medial forebrain bundle with a 
limited amount of additional fibers and cortical and subcortical projection areas. 

Seed regions in the VAT and the amSTN included the dentate-rubro-thalamic tract and fibers in the posterior and 
anterior limb of the internal capsule, projecting to large areas of the frontal and the motor cortex. 

Conclusion 

In deep brain stimulation the challenge is to find a well circumscribed target with maximum effect on symptom 
alleviation and no side effects. If the MFB was indeed the sole structure to be stimulated in certain psychiatric 
disorders, the BNST seems to be the best option. The BNST connects mainly and most exclusively to the MFB, 
whereas stimulation sites in the diencephalon involve significantly more fiber tracts and larger cortical projection 
areas. 
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A prospective randomised clinical trial of thalamic DBS for Tourette syndrome 
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Objective 

To investigate the long-term outcome of tic severity, comorbidities and quality of life (QoL) during 
centromedian-parafascicular-complex (CM-Pf) and nucleus ventro-oralis internus (Voi) deep brain stimulation 
(DBS). Furthermore, to compare changes in tic severity after sham stimulation. 

Methods 

Bilateral electrodes were implanted in the CM-Pf/Voi complex in eight adult patients with treatment-refractory 
Tourette syndrome. Tic severity, comorbidities and QoL were assessed preoperatively and six and twelve months 
postoperatively. A brief randomized, double-blinded sham-controlled crossover trial with either DBS or sham 
stimulation was performed postoperatively after six and twelve months. The primary outcome measurement 
was the difference in the Yale Global Tic Severity Scale (YGTSS) comparing active DBS and sham stimulation. 
Secondary outcomes for the open label analysis included the Beck's Depression Inventory (BDI), State-Trait 
Anxiety Inventory (STAI), Symptom Checklist-90-R (SCL-90), Gilles de la Tourette Syndrome- QoL (GTS-QoL) and 
the Yale-Brown Obsessive-Compulsive Scale (YBOCS). 

Results 

DBS resulted in significantly higher tic reductions in YGTSS than sham stimulation (F = 79.5; p = 0.001). Overall, 
QoL and comorbidities improved significantly in the open-label-phase in all scales. Only two severe adverse 
events were reported during the trial, which resolved without sequelae. 

Conclusion 

Thalamic CM-Pf/Voi DBS is effective in reducing tic severity and comorbidities as well as improving QoL in the 
long-term. The reduction of tic severity was achieved by active DBS when compared to sham. 
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Neuromodulation für Aggressivität und selbstverletzendes Verhalten – ein Fallbericht und Literaturübersicht 
Neuromodulation for aggressiveness and self-injurious behavior – a case report and review of the literature 
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Objective 

Patients with pathological aggressiveness display stereotypical behavior that can manifest through aggressive 
language and sound; damaging objects; or hurting animals, other people (hetero-aggression) or themselves 
(auto-aggression). Conventional treatment consists of psychotropic medication, behavioral therapy and 
electroconvulsive therapy. For patients with refractory aggressive behavior, functional neurosurgery could be 
considered. In this study we describe the case of a patient with mental retardation and hetero-, and auto-
aggressive behavior. Further, we performed a systematic literature review of the effects of functional 
neurosurgery in pathological aggressiveness. 

Methods 

The 24 years old, female patient displayed progressive aggressive behavior since early childhood. Conservative 
therapy did not have any effect, after which bilateral stereotactic capsulotomy and hypothalamotomy were 
performed. Clinical assessment was performed prior to surgery, 6 weeks and 6 months after the intervention. 
Level of aggressivity was assessed using the Modified Overt Aggression Scale (MOAS; higher scores represent 
worse condition) and level of functionality was assessed using the Global Assessment of Functioning Scale (GAF; 
higher scores represent better functioning). 

To review existing literature on functional neurosurgery in pathological aggressiveness, we performed a 
systematic literature review using PubMed. 

Results 

There was a significant improvement of the functionality of the patient from 10 points on GAF prior to surgery, 
to 61 points 6 months after the intervention. There was also a relevant improvement on the MOAS from 33 
points prior to surgery to 10 points after 6 months. 42 studies could be included in the review, 27 studies with 
lesioning procedures and 15 with deep brain stimulation (DBS). The amygdala was the most common target for 
stereotactic lesioning, followed by the hypothalamus. The most common target for DBS was the hypothalamus, 
followed by the nucleus accumbens. Measurement of the clinical outcome was very heterogenous, however 
most studies described an improvement in over 50% of the patients. 

Conclusion 

Bilateral stereotactic capsulotomy and hypothalamotomy proved to be an effective treatment in this patient"s 
case.  

Review of the existing literature showed a heterogenous treatment of patients with pathological aggressivity. 
However, the underlying disorder of the patient should always be considered when choosing the right therapy. 
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Konnektivitätsmuster von Patienten mit Tiefer Hirnstimulation bei selbstverletzendem Verhalten 
Connectivity patterns in patients with deep brain stimulation for self-injurious behaviour 
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Objective 

Self-injurious behavior (SIB) is associated with a number of psychiatric disorders like autism, Tourette syndrome 
or psychosis, especially in combination with cognitive impairment. It is a disorder with a high burden for patients 
and families. Conservative treatment consists of behavioral therapy and pharmacological treatment with 
neuroleptic medication. For SIB refractory to conservative treatment deep brain stimulation (DBS) can be 
considered. Many different stimulation targets are currently being used, depending on the primary disease of 
the patient. There is little data in scientific literature about the long-term outcome for these patients, mainly 
consisting of case reports. 

In this retrospective study, we present the long-term follow-up outcome of patients with SIB treated with DBS at 
our clinic. Further, we investigate the connectivity patterns of the involved fibers in order to correlate the 
modulated cortical areas with the outcome of these patients. 

Methods 

We included 10 patients with SIB with diverse primary disorders (Tourette syndrome, autism and psychosis after 
brain injury) that received DBS for SIB at our clinic between 2005 and the present. Stimulation targets were 
chosen depending on their primary disorders. Clinical outcome was measured using the Barthel index and 
fixation time. The connectivity patterns of the stimulated areas in different patients were visualized using 
normative connectome (HCP). 

Results 

Our study showed a significant improvement in the Barthel index (p<0.005) and fixation time (p<0.01) after 6 
months of DBS in patients with SIB. The analysis of the connectivity patterns showed a stimulation of the 
superior frontal lobe, the orbitofrontal lobe and the precentral area in all patients. Strong connectivity to the 
medial orbitofrontal cortex was associated with a better clinical outcome. 

Conclusion 

DBS is a promising treatment option for patients with intractable SIB, with varying targets depending on the 
primary disease. Furthermore, the results of our connectivity pattern analysis could be a useful tool for 
preoperative target planning. 
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Valve pressure adjustment of cerebrospinal fluid shunt – longitudinal analysis of 891 patients 
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Objective 

The implantation of a CSF shunt is one of the most common interventions in neurosurgery.  

However, there is a high frequency of necessary reinterventions e.g., surgical revisions, change of valve pressure 
or radiological examinations. Several surgical techniques, shunt valves and settings have been used in the past 
years.  

Our goal was to point out the clinical and technical (valve and shunt specific characteristics) aspects which could 
have an influence on the necessity of intervention.  

Methods 

We have longitudinally analysed 891 patients between 2000 and 2019 which were treated surgically or as 
outpatients because of a hydrocephalus with a CSF shunt at our department. Interventions were defined as any 
change in valve setting or revision surgery. The clinical and technical data (e.g. valve specifications) as well as the 
follow-ups were retrospectively collected and analysed using integrated linear regression and cox regression.  

Results 

454 (51 %) male and 437 % (49 %) female patients with a median age of 48 years (IqR: 5 – 65), with 600 (67 %) 
ventriculoperitoneal shunts (VP) and 238 (27 %) ventriculoatrial shunts, 339 (56.9 %) programmable and 257 
(43.1 %) non-programmable were analysed. The median follow-up was 40 months (IqR: 5 – 167).  

The median interval between interventions was 20 months (IqR: 5 – 53). The average time until the first 
intervention was 57 days (IqR: 10 – 443). Concerning the cases showing a low necessity for interventions, the 
optimal valve pressure was 119 mm H2O (SE  4) for programmable valves and 78 mm H2O (SE  2) for non-
programmable valves. In the long-term follow-up the valve pressure without intervention was influenced by the 
type of the shunt placement (VA or VP), the programmability of the valve and the variability of the pressure 
stages. Age, gender, height and weight had no impact on the pressure setting. In the largest group of the cohort 
– adults with VP- shunt and programmable valve – the likelihood of remaining without any change of pressure 
setting was only influenced by age.  

Conclusion 

Programmable valves in younger patients with VP-shunt require a higher initial pressure setting. Gender, height 
and weight showed no significant influence. 
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Prädiktion der Bauchkatheter-Dislokation basierend auf Ultra-low-dose CT nach VP-Shunt-Anlage 
Prediction of distal catheter dislocation from ultra-low-dose CT scan after placement of ventriculoperitoneal 
shunt 
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Objective 

Subcutaneous migration of the peritoneal catheter belongs to common complications after ventriculoperitoneal 
(VP) shunt placement. Obesity and previous shunt procedures are known risk factors for distal catheter 
dislocation. Whole body ultra-low-dose CT (ULD-CT) is replacing the radiographic shunt series as standard 
imaging method for VP shunts. We retrospectively analyzed the feasibility of ULD-CT for prediction of distal 
catheter migration and subcutaneous pseudocyst formation. 

Methods 

A total of 115 consecutive ULD-CTs (100kV, 10mAs, care dose) of VP shunts were performed at our institution 
between January 2020 and June 2021. The amount of subcutaneous adipose tissue (SAT) at L3/4 level, the 
distance of the shunt catheter within its subcutaneous course from the abdominal fascia, the thickness, and the 
density of subcutaneous tissue at intraperitoneal entry point of the shunt catheter were recorded for all cases. 
The characteristics of cases which developed a dislocation of peritoneal catheter were compared with cases 
without any mechanical complications of distal catheter. 

Results 

Migration of distal catheter into subcutaneous space occurred in twelve cases. The amount of SAT (583 vs 270 
cm2), the distance of the extraperitoneal shunt catheter from the abdominal fascia (22 vs 11 mm), the thickness 
(49 vs 28 mm) and the density (-41 vs -84 HU) of subcutaneous tissue at intraperitoneal entry point of the 
catheter were significantly (p<0.001) greater in cases with distal shunt dislocation in comparison with controls. 

Conclusion 

The obesity, quantified by SAT and fat layer thickness, could be verified as leading risk factor for dislocation of 
peritoneal catheter. Higher density of the subcutaneous tissue at the intraperitoneal entry point may indicate 
infiltration of CSF. We recommend stable closure of abdominal fascia and pulling the distal catheter through 
abdominal subcutaneous tissue tight at the fascia. 
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Revisionsoperationen nach ventrikuloperitonealer Shuntableitung bei Pseudotumor cerebri 
Patterns of shunt failure after ventriculoperitoneal shunting for pseudotumour cerebri syndrome 

M. P. Polemikos1, E. J. Hermann1, H. E. Heissler1, J. K. Krauss1 

1Medizinische Hochschule Hannover, Klinik für Neurochirurgie, Hannover, Deutschland 

Objective 

Ventriculoperitoneal (VP) shunting is an established treatment for medical refractory pseudotumor cerebri 
syndrome (PTCS). Nevertheless, rates of shunt failure in PTCS patients appear to be higher than in other 
disorders, mostly attributable to obstruction of the shunt system. The aim of this study was to assess the 
patterns of shunt failure and the reasons for shunt-related operations in PTCS treated with VP shunts. 

Methods 

We retrospectively reviewed all patients who were diagnosed with PTCS and treated with a VP shunt in our 
department from 2005 to 2021. We excluded patients with PTCS initially diagnosed and operated elsewhere but 
treated for shunt failure in our department. Patterns of "shunt failure" were categorized according to their 
etiology (infection, obstruction, malfunction, migration, disconnection) and the corresponding site of the VP 
system if applicable. Operations performed for shunt patency unrelated causes were analysed as well. 

Results 

Fifty-two patients (43 women and 9 men) underwent VP shunt placement. The median age was 32 years (range 
18-67 years) and the median body mass index was 34 kg/cm2 (range 19-50). Insertion of the ventricular catheter 
was aided in 48/52 procedures by electromagnetic navigation. A programmable valve was implanted in all 
patients at a median opening pressure of 6cmH2O (range 6-15 cmH2O), in 49/52 with an integrated gravitation 
unit. In all cases, accurate positioning of the shunt system was confirmed on early postoperative CT-scan and in 
radiographic shunt series. Eleven patients had a total of 20 shunt-related operations during a median follow-up 
of 37 months (range 3-202 months). Cases of shunt failure were attributable to infection (4), preperitoneal 
migration of the distal catheter (2), malfunction of the shunt valve (1), disconnection of the proximal catheter (1) 
and disruption of the abdominal catheter (1). Additional causes for revision surgery included shortening of the 
abdominal catheter because of intrabdominal pain (4); wound revision (1) and abdominal hernia repair (1). In 
5/52 patients replacement of the integrated gravitation unit by an adjustable device was performed for 
treatment of low pressure headaches. 

Conclusion 

Our findings demonstrate a high shunt patency rate without shunt obstruction, probably attributable to the 
optimal initial placement of the ventricular catheter. Nevertheless, VP-shunting in PTCS is associated with a 
relatively high rate of non-obstructive revision surgery. 
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Machine Learning Anwendungen können die Vorhersagegenauigkeit des Shunt-abhängigen Hydrocephalus bei 
der aneurysmatischen Subarachnoidalblutung verbessern 
Machine learning methods may improve the prediction of shunt dependency in aneurysmal subarachnoid 
haemorrhage compared to established prediction scores 
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Objective 

Early and reliable prediction of shunt dependent hydrocephalus (SDHC) after aneurysmal subarachnoid 
hemorrhage (aSAH) may shorten the overall length of intensive care and hospital stay and may reduce the risk of 
catheter-associated meningitis and overall treatment costs. Scoring systems are externally validated and may 
allow for easy calculations in clinical routine but do not reach excellent prediction performances regarding the 
occurrence of SDHC. We designed this study to test the comparability of predictive methods and whether 
inclusion of additional variables in a machine learning (ML) framework may improve the performance of SDHC 
prediction. 

Methods 

Local ethics committee approval was obtained (EA1/291/14). Combined clinical, radiographic, and laboratory 
features as well as standard scores (CHESS, SDASH) available on patient admission were analyzed using a 
consecutive single-center database of patients that presented with aSAH (n = 408). Conventional receiver 
operating curves with calculation of the area under the curve (AUC) of established scores was performed using 
IBM SPPS Statistics 27. Classification models (GLM; Lasso; Elastic Net) were trained in a supervised ML paradigm 
using scores and combined features. Train and test sets were split randomly (4:1 ratio) 50 times, in each 
iteration hyper-parameters were tuned in a ten-fold cross-validation using the train set. AUC was calculated for 
ML models for training and test sets. ML paradigm data is presented for the best performing model as training 
and (test). 

Results 

295 patients survived the initial phase of the disease and were eligible for analysis. 20.7 % of patients developed 
SDHC. Conventional prediction of SDHC by CHESS and SDASH resulted in an AUC of 0.77 and 0.78, respectively. 
ML model calculations of variables included in CHESS and SDASH resulted in a maximum AUC of 0.73 and 0.75 
(0.68 and 0.71), respectively. The inclusion of more clinical, radiographic, and laboratory parameters available on 
admission to ML paradigms increased the predictive performance to 0.83 (0.75). 

Conclusion 

The inclusion of clinical, radiographic, and laboratory parameters in an ML setup improves the predictive 
performance of SDHC after aSAH. More work is needed on method comparability and potential inclusion of 
more variables to allow for individualized SDHC prediction. 
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Implantation von Liquorshunts unter Infektbedinungen resultiert nicht in erhöhten postoperativen 
Shuntinfektionen 
Cerebrospinal fluid shunt surgery under ongoing system infectious conditions does not result in more shunt 
infections 
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Objective 

Cerebrospinal fluid (CSF) shunting is a standard procedure in neurosurgery to treat hydrocephalus due to various 
etiologies. Shunt infection is a frequent complication requiring pharmacologic treatment or even surgical shunt-
revision. In order to prevent shunt infection, shunt implantation during ongoing infection (ventriculitis, urinary 
tract infection etc.) is regularly avoided, but quick surgery, not waiting for an infection to be fully treated, can be 
favorable in some cases. If these infectious conditions significantly affect the rate of shunt-infections or revisions 
is not yet clarified. Aim of this study was to investigate the rate of adverse events in patients that underwent 
shunt implantation under such infectious conditions. 

Methods 

We performed a retrospective chart review of patients undergoing CSF-shunt surgery in a single tertiary 
neurosurgical center. Patients were dichotomized according to their infection status. Infectious was defined as 
ongoing systemic infection under antimicrobial therapy but not finally treated at the moment of surgery. Shunt-
infection and shunt-revisions within 90 days, age, gender, shunt-type, etiology of hydrocephalus, functional 
status and immunosuppression were analyzed. 

Results 

685(309female) patients (1526 screened) were analyzed. 119 underwent surgery under infectious conditions 
having higher overall complication rates (p=.02) without resulting in more shunt-infections (n=15 vs. 54; p=.32) 
or shunt-revisions (n=10 vs. 33; p=.29). Shunt-infection and shunt-revision were attributed to younger age (53 
vs. 61y; p<0.01 / 53 vs. 61y; p< 0.001) and poorer functional status at discharge (KPSS: 40 vs. 50%; p<0.01 / 40 
vs. 50%; p< 0.01). Cranioplasty together with shunt-surgery was a risk factor for shunt-infection (p<.001) and 
revision(p<.01). Brain tumor, SAH and TBI patients had higher infection/revision rates, while 
immunosuppression, gender or shunt-type had not. 

Conclusion 

Shunt surgery under infectious conditions did neither result in higher rates of shunt-infections nor shunt-
revisions until 90 days after surgery but are attributed to the underlying disease and overall functional status. 
Infectious conditions should be avoided, if possible, but our data show that implantation can be performed, if 
further reasons favor surgery without delay. 

 
 



 

143 

 

Hydrozephalus und Infektionen/Hydocephalus and infections 

V124 
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Objective 

Neurological symptoms can present relevant co-morbidities in  SARS-Cov-2 infection but potential underlying 
pathomechanistic patterns remain unclear. Interestingly, the presence of SARS-Cov-2 RNA and protein has been 
shown to in anatomically distinct areas of the brain but remains undetected in cerebrospinal fluid (CSF). This 
study aimed at investigating the role of extracellular nucleic acids and microvesicles and its potential 
contribution to neuroinflammation in Covid-19. 

Methods 

CSF and blood samples from n=8 patients with SARS-Cov-2 infection and associated neurological symptoms were 
collected. Control samples comprised patients (n=6), in which lumbar puncture was done to rule out meningitis 
and was negative for infection or any neuroinflammatory pathology. Samples were immediately placed on ice 
and spun down twice at 4°C at 500g for 5 min. Extracellular RNA (exRNA) and RNase activity was quantified, as 
well as double-stranded DNA via Sytox Green. Microvesicles were quantified via FACS analysis. Proteomics were 
analyzed in CSF using the proximity extension assay technology of the Olink Target 96 platform (Fig. 1). 

Results 

Neutrophil extracellular traps as well as extracellular RNA were significantly increased in peripheral blood in 
Covid-19 patients (p<0.01), while it remained unchanged in CSF. RNase activity was significantly upregulated in 
peripheral blood (p<0.05) and depleted in CSF (p<0.01). Microvesicles were significantly increased in the CSF of 
Covid-19 patients (Fig. 2). Proteomics showed a distinct neuroinflammatory signature which differed from 
positive control samples (subarachnoid hemorrhage with increased abundance of inflammatory proteins). 

Conclusion 

An increase of microvesicles is found in the CSF of Covid-19 patients with neurological symptoms, with a parallel 
depletion of RNase, and a distinct inflammatory signature, suggesting that turnover of extracellular nucleic acids 
as well as an increase of MVs might play a mediating role in CNS pathology in SARS-Cov-2 infection. 
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Objective 

SARS-CoV-2 was first reported in Wuhan, China, at the beginning of 2020 leading to a global pandemic in the 
following. Though COVID-19 is mainly discussed in the context of respiratory symptoms, neurological symptoms 
are present in many patients. The aim of our study was to investigate subcortical white matter changes in acute 
and recovered COVID-19 patients compared to healthy controls and to correlate these structural changes to 
neuropsychological and neurocognitive testings. 

Methods 

50 patients were prospectively included in this study. The cohort consisted of 16 patients with acute SARS-CoV-2 
infection, 21 recovered patients and 13 healthy controls. DTI imaging was performed at a 3T or 1.5T MRI scanner 
with 31 gradient directions. A workflow for probabilistic tractography built upon FSL 6.0.3 (fsl.fmrib.ox.ac.uk) was 
used for analysis of 42 subcortical fibre tracts including protocols for correction of susceptibility- and eddy 
current-induced errors. Fractional anisotropy (FA) and mean diffusity (MD) were analysed as well as tract lengths 
and -volumes normalized to the specific whole-brain-volume. Comprehensive neuropsychological verbal and 
non-verbal testing was performed. 

Results 

In acute cases, significant differences were found regarding normalized volumes of the Inferior and Middle 
Longitudinal Fasciculus, Superior Thalamic Radiation (STR) and Acoustic Radiation as well as the Anterior 
Thalamic Radiation and Forceps Minor regarding normalized tract lengths (p<0.05). Comparing recovered cases 
with controls, apart from right STR, no significant differences could be found. Regarding mean FA and mean MD, 
we found significant differences for a majority of tracts in acute cases. Neuropsychology showed lower scores 
for acute and recovered patients in executive functioning and attention. 

Conclusion 

Specific patterns of structural white matter changes and neuropsychological findings in acutely infected and 
recovered COVID-19 patients were identified. Nevertheless, functional implications of the observed white 
matter changes have to be discussed in context with corresponding grey matter alterations, also with respect to 
possible residua in recovered patients. 
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Objective 

Introducing cranial neuronavigation in 1986 by D. Roberts, Neurosurgery was the first discipline using 
augmented reality in routine daily work. In 2020 the brainlab company launched a pattern recognition software, 
converting regular MRI into a virtual brain model which can be presented via AR for presurgical planning. Three 
years ago, our interdisciplinary research group started to develop AR and VR tools for education and treatment 
in the medical field. 

Methods 

Our applications were developed for medical, therapeutic and psychological purposes. The first project was a VR 
tool for students to train them in surgical scrubbing before entering a real OR. Subsequently, we created a VR 
stoma training tool for both patients and relatives. The latest applications are AR tools, one for auscultation 
of the lung and heart resembling the well known SAM skillslab trainer, the other projects additional anatomical 
information on the blood collecting skillslab arm model. The VR application for addictive misbehavior is basing 
on approach-avoidance-tasks (AAT). For dementia care a memory game with pictures from patient's own life in 
combination with self-selected music pieces helps to reduce dementia-related memory loss. Our AR tool for 
arachnophobia therapy projects a spider on the hand of the patient. 

Results 

AR applications are preferable, because they do not cause the so-called motion sickness, as the real 
surroundings are still visible. The surgical scrubb software was classified as very useful by two student groups, 
one using it, before entering the real OR first time, the controll group was trained without this task. Cigarette 
consumption was significantly reduced in a randomized trial (RCT) with 108 participants. using the approach-
avoidance-task in six sessions within two weeks. 20% had stopped smoking completely and a large proportion 
had reduced their consumption. The other mentioned tools are currently in trial. 

Conclusion 

Medical AR and VR applications rapidly will become part of our daily work. The current applications help 
students,patients and doctors to increase the success of training and therapy, reduce the fear of treatments and 
interventions and improve their acceptance. Cost intensive skillslab models might be replaced by cheaper virtual 
models. In the near future, we expect the launch of surgical training tools simulating neurosurgical approaches 
and techniques. 
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Automatische Erkennung von Shuntventilen anhand von Röntgenbildern mit Hilfe von Deep Learning 
Deep learning-assisted classification of shunt valves on X-ray images 
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Objective 

Over the recent decades, the number of different manufacturers and models of cerebrospinal fluid shunt valves 
constantly increased. Proper identification of shunt valves on x-ray images is crucial to neurosurgeons and 
radiologists to derive further details of a specific shunt valve, such as opening pressure settings and MR scanning 
conditions. The main aim of this pilot study is to evaluate the feasibility of an AI-assisted shunt valve detection 
system. 

Methods 

In this pilot study, the dataset contained 829 anonymized images of four different commonly used shunt valve 
types from neurosurgical patients collected from one institutional PACS. All images were acquired from skull x-
rays or scout CT images and were cropped in a random size containing the shunt valve. In detail, the dataset 
contained images of 130 Miethke proGAV 1, 286 Miethke proGAV 2, 226 Codman Hakim Programmable, and 
187 Medtronic PS Strata valves. An implementation in Python with the FastAi library1 was used to resize all 
images to 460x460 pixels and to train a convolutional neural network with 101 layers using 80% of the images as 
a training set and 20% of the images for validation. 

Results 

Overall, our model achieved an F1-score of 0.97 to predict the correct shunt valve model. Breaking down the 
performance metric for each shunt valve, we could achieve an F1-score of 0.97 for the Codman Hakim 
Programmable, 0.99 for the Medtronic PS Strata, 0.95 for the Miethke proGAV 1, and 0.99 for the Miethke 
proGAV 2 shunt valve. 

Conclusion 

This technology has the potential to automatically detect different shunt valve models in a fast and precise way 
and may facilitate the identification of an unknown shunt valve on X-ray or CT scout images. Our results are in 
line with recent publications2 demonstrating the feasibility of AI-assisted shunt valve identification. The current 
model is able to distinguish between four different shunt valve types. A larger dataset including the most 
common shunt valve models is required to make proper use of this technology in daily routine. 

References 

1Howard J. et al. Fastai: a layered API for deep learning. Information 11.2 (2020): 108. 

2Sujit SJ. et al. Deep learning enabled brain shunt valve identification using mobile phones. Computer Methods 
and Programs in Biomedicine 210 (2021): 106356. 
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Predictive analytics in clinical practice 
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Objective 

Predictive analytics are increasingly reported by clinicians. These tools aim to improve patient-outcomes in 
terms of quality, safety, and efficiency. However, deploying predictive analytics in clinical practice remains 
challenging today.  

Methods 

We performed a topic review to highlight several advantages and disadvantages of the application of predictive 
analytics in clinical practice.  

Results 

To foster the progress of predictive analytics into the clinical workflow of the neurosurgeon, 1) the used data 
sets should be more refined to the clinical scenario studied, 2) predictive analytics should ideally be used to 
study patients in equipoise regarding optimal management, not to study the available data, and 3) 
neurosurgeons should have knowledge on effective implementation of the designed predictive tools for the right 
patients. 

Conclusion 

To flourish and reach its potential, predictive analytics need data that is of adequate quantity and quality, ideally 
tailored to clinical scenarios in equipoise regarding optimal management. Adequate reporting of predictive 
analytic tools is incumbent for uptake into clinical workflows. At least for now, the neurosurgeons' knowledge, 
experience and vigilance remain imperative for applying predictive analytics in clinical practice. 

----------------------------- 

The paper related to this abstract has been published recently:  
Mijderwijk HJ., Steiger HJ. (2022) Predictive Analytics in Clinical Practice: Advantages and Disadvantages. In: 
Staartjes V.E., Regli L., Serra C. (eds) Machine Learning in Clinical Neuroscience. Acta Neurochirurgica 
Supplement, vol 134. Springer, Cham. https://doi.org/10.1007/978-3-030-85292-4_30  
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Korrelative biomechanische und biochemische Analyse von Glioblastomzellkulturen mittels Brillouin- und 
Ramanspektroskopie 
Correlative biomechanical and biochemical analysis of glioblastoma cell cultures using brillouin and raman 
spectroscopy 
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Objective 

Biomechanics of tumor cells influence proliferation, migration and metastasis of brain tumor cells. So far, the 
measurement of cell stiffness in tumor models has been limited to cell surface measurements due to the use of 
contact-based techniques such as AFM. Here, we overcome this limit by using optical Brillouin spectroscopy to 
perform subcellular investigation of cell compartments in adherent cells and spheroid cultures of glioblastoma. 
We correlated biomechanical with biochemical information obtained from simultaneous and co-localized Raman 
spectroscopy for interpreting stiffness changes. 

Methods 

U87-MG cells were cultured as adherent cells (n=11) and spheroids (n=9). Additionally, five primary glioblastoma 
cell lines were analyzed (each cell line n=10-12). Brillouin and Raman spectroscopy was performed in a combined 
setup using 780 nm excitation wavelength. The Brillouin shift, which provides information about the stiffness, 
was computed by fitting each of the 2500 single measurements per sample with Lorentzian functions. Raman 
spectra in the range 700-1800 cm-1 were baseline corrected, normalized and analyzed by k-means clustering. 

Results 

U87-MG adherent cells showed smaller Brillouin shifts and values displayed a higher variability compared to 
spheroids (5.319 ± 0.033 GHz vs. 5.408 ± 0.015 GHz, mean ± SD, n=11 and 9, unpaired t-test p<0.001). Cluster 
analysis of Raman spectra of adherent cells was used to identify cell compartments. Nucleus, perinuclear region 
and cytoplasm exhibited different mean Brillouin shifts (5.33 GHz, 5.29 GHz and 5.23 GHz, respectively), thus 
indicating that the stiffness of nucleus is highest. For spheroids, larger Brillouin shifts were retrieved in regions 
with high content of proteins (identified by Raman bands at 1006 and 1607 cm-1) as well as of lipids (Raman 
bands at 1440 and 1750 cm-1). Also in primary cell lines the Brillouin shift correlated with the amount of lipid 
droplets. 

Conclusion 

Adherent cells and cell spheroids have different biomechanical properties, which are driven by culturing 
methods and can be explained at subcellular level by different biochemical composition. Brillouin spectroscopy 
of cell spheroids delivers more reproducible results, but the Brillouin shift is highly sensitive to lipid content in 
the cells. Further analysis shall clarify by which mechanisms the lipids exactly induce the apparent stiffness 
increase and how this relates to tumor properties. 
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Objective 

Glioblastoma (GBM) is still the most common and aggressive primary brain cancer and is largely 
incurable.Despite radical surgical resection coupled with chemo- and radiotherapy, no other treatment 
alternatives are established. It is thought that glioma stem cells (GSCs) are the main cause of therapeutic 
resistance and recurrence of GBM since they exhibit high self-renewing and tumorigenic capacity. In an effort to 
identify potential genetic vulnerabilities in GBMs and their GSCs the Yes-Associated-Protein (YAP) network, a 
developmentally relevant transcription factor, was targeted. Verteporfin (VP) has been identified as a potent 
inhibitor of YAP-driven signaling by disrupting YAP's interaction with its cognate transcription factor, TEAD. As a 
second-generation photosensitizing drug for photodynamic therapy (PDT) VP is already used in the treatment of 
the wet form of macular degeneration. We now want to elucidate whether human glioma cell lines are 
susceptible to PDT using VP, too. 

Methods 

Human glioma cell lines LN229 and HSR-GBM1 were treated with variable concentrations of VP for 24 h, 
followed by a photodynamic activation at 689 nm using a diode laser light. 24 h and 48 h after laser irradiation, 
cell viability was measured using the MTT assay and VP uptake was measured using a desktop cytometer. Protein 
expression of YAP was measured after 24 h VP treatment. 

Results 

We observed significant cell death following PDT in all cell models (HSR-GBM1, LN229). In LN229 an EC50 of 0.64 
µM (30 sec laser) or 0.25 µM (60 sec laser) could be determined 24 h post PDT. VP treatment with subsequent 
PDT in HSR-GBM1 cell revealed an EC50 of 0.77 µM (30 sec laser) or 0.08 µM (60 sec laser) 24 hours post 
radiation. Flowcytometric measurements revealed a cellular uptake of VP after 24 h incubation in LN229 with 1 
µM or 10 µM of 17.7% or 99.6%, respectively. For HSR-GBM1 we could detect a VP uptake of 60% or 100% after 
1 µM or 10 µM treatment. Furthermore, we could demonstrate a suppression of YAP protein expression after 48 
h of VP-treatment [7 µM]. 

Conclusion 

PDT with VP causes cell death in human glioma cells at marginal concentrations. Additionally, we could measure 
fluorescence emission around 680 nm, validating the cellular uptake. VP therefore is not only a potential drug in 
targeting GSCs pharmacologically but can be used as an optical imaging dye in glioma surgery and 
photosensitizer to make GBM susceptible for PDT. 
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Spreading Depolarizations können durch photoakustische Ultraschallbildgebung im tiefen gyrencephalen 
Schweinehirn nachgewiesen werden 
Spreading depolarisations can be detected by photoacoustic ultrasonic imaging in the deep gyrencephalic swine 
brain 

R. Sánchez Porras1,2, N. Holzwarth3, T. Kirchner3, R. Zerelles2, M. Kentar2, J. Woitzik1, L. Maier-Hein3, E. Santos1,2 

1Evangelisches Krankenhaus Oldenburg, Universitätsklinik für Neurochirurgie, Oldenburg, Deutschland 
2Universitätsklinikum Heidelberg, Neurochirurgische Klinik, Heidelberg, Deutschland 
3German Cancer Research Center (DKFZ), Division of Computer Assisted Medical Interventions, Heidelberg, Deutschland 

Objective 

Spreading depolarizations (SDs) are associated with poor neurological outcomes in cerebrovascular diseases and 
brain trauma. Until now, the standard method to measure SDs in patients is by using electrocorticography 
(ECoG). There are other techniques such as laser doppler, laser speckle and intrinsic optical imaging. However, 
they all provide few information on SD beyond the surface. The aim of this study was to investigate if SDs can be 
detected by using photoacoustic ultrasonic (PAUS) imaging in the gyrencephalic swine brain and if SDs can be 
detected on deep cortical tissue. 

Methods 

A German landrace swine were used for this study. An extensive craniotomy was performed. ECoG recording 
strip was placed on both hemispheres. SDs were induced with a drop of KCl. After a 10min baseline, a 
stimulation was performed, with 30min recording after application. Stimulations were performed every 40min. A 
total of 5 stimulations per hemisphere were performed. Animals were monitored with PAUS for 3.5h. 

Results 

By offline estimation of the sO2, in each pixel of the reconstructed multispectral images, SDs were visualized as 
sO2changes propagating from the stimulation point though different ROIs. Estimated sO2 changes presented a 
good correlation with SD detected in ECoG. In PAUS a total of 18 SDs were detected during the monitoring time 
(Figure 1). SDs were detected up to 4mm depth. No apparent anatomical dependency was found in relationship 
to depth. The most predominant responses (21 ROI measurements) were a biphasic change of initial decrease 
plus increase of sO2 (14%); and  a triphasic change of of initial decrease plus increase and decrease of sO2 
(14%).  

Conclusion 

We conclude that PAUS can image SDs with a high resolution and high imaging depth in the gyrencephalic swine 
brain. 
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Bewertung eines neuen vollständig konvexen Optimierungsalgorithmus für die inverse Planung bei der Gamma-
Knife-Radiochirurgie 
Evaluation of a new full convex optimisation algorithm for inverse planning in Gamma Knife radiosurgery 

F. Heinzelmann1, J. Boström2,3, M. Budde2, I. Adamietz2,3, K. Kröninger1 

1TU Dortmund University, Department of Physics, Dortmund, Deutschland 
2Marien Hospital Herne, Clinic for Radiotherapy and Radiation Oncology, Herne, Deutschland 
3Universitätsklinikum Knappschaftskrankenhaus Bochum, Gamma Knife Zentrum, Bochum, Deutschland 

Objective 

For the Gamma Knife radiosurgery (GKRS), a new inverse planning software (IP) based on a global convex 
optimization algorithm is adopted. The objective of the current study was to investigate the applications of IP for 
pre-planning in daily clinical use and its performance for different cerebral entities. 

Methods 

IP was tested in a prospective user study for a total of 117 patients and 230 target volumes. Conventional expert 
pre-plans were used as reference plans, which included forward planning by expert planners and subsequent 
local internal optimization. Based on the same dose constraints as the expert plans, the real-time calculation of 
the inverse calculated treatment plans was performed with its default optimization settings. To compare both 
planning techniques, hypothesis tests on radiosurgery plan quality metrics such as the Paddick conformity index 
(PCI) were performed whereby the three selectable IP planning strategies and the different entity groups were 
distinguished. 

Results 

The statistical tests revealed that IP-calculated treatment plans were almost equal in quality compared to pre-
plans from expert planners. Especially IP plan quality metrics related to conformity and dose gradient attained 
statistically significant higher scores combined with high coverage except for the selective optimizing strategy. 
The other parameters examined such as normal brain V12 Gy or V10 Gy did not show notable differences for the two 
remaining strategies. Inversely generated plans displayed significantly shorter planning times versus (manual) 
expert plans as well as a greater number of isocenters, which often eventuates in longer treatment times. But 
regarding the total time, these differences are vanishingly slight. 

Conclusion 

The most important clinically relevant finding was that the use of IP is especially applicable for complex and 
irregular-shaped tumors but rather unsuitable for metastases. We observed clinical significance for IP in the 
conformity parameters and superiority for the strategy maximizing the selectivity. Overall, high-quality plans 
from IP enable newcomers to achieve almost equal qualitative treatment pre-plans. On the one hand, it allows 
optimizing the sparsity for surrounding tissue and the conformity for benign tumors in a short time frame. On 
the other hand, it forms a solid basis for further planning on the treatment day. 
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Laserapplikation zur Hämostase von zerebralen Blutgefäßen als gewebeschonende Alternative zur bipolaren 
Pinzette 
Laser application for non-destructive blood vessel haemostasis on brain tissue as an alternative to bipolar forceps 

A. Hutfilz1, D. Theisen-Kunde1, M. M. Bonsanto2, R. Brinkmann1,3 

1Medizinisches Laserzentrum Lübeck GmbH, Lübeck, Deutschland 
2Universitätsklinikum Schleswig-Holstein, Klinik für Neurochirurgie, Lübeck, Deutschland 
3Universität zu Lübeck, Institut für Biomedizinische Optik, Lübeck, Deutschland 

Objective 

Due to high water absorption in the infrared spectrum, lasers around 2 µm wavelength can be useful in 
neurosurgery for tissue coagulation. Particularly the thulium laser emitting at 1940nm shows a high ablation 
efficiency and proves to be suitable for tumour coagulation [1]. Bipolar forceps are commonly used for 
intraoperative haemostasis in neurosurgery, which can cause mechanical tissue damage, while thulium laser can 
provide a tissue gentle haemostasis through non-contact coagulation. Aim of this study is a non-destructive 
blood vessel coagulation by pulsed thulium laser. 

Methods 

Blood vessels on ex-vivo porcine brain tissue (Fig.1A) were treated in non-contact with a thulium laser in pulsed 
mode (100 to 500 ms pulse width, 1 Hz repetition rate, 1940 nm wavelength, 1.5 to 7.5 J pulse energy/Asclepion 
Laser Technologies GmbH, Jena, Germany) with CO2-cooling as shown in Fig.1B and for comparison with bipolar 
forceps (60 W power, VIO 300 D, Erbe Elektromedizin GmbH, Tübingen, Germany). Tissue trauma and 
destruction depth were evaluated by white light images and OCT-B-Scans (1060 nm wavelength, Thorlabs GmbH, 
Dachau, Deutschland). OCT enabled the assessment whether laser irradiation could achieve blood vessel 
occlusion (Fig.1C). 

Results 

Pulsed laser application for 3 s achieved a blood vessel occlusion rate of 92% at low pulse energy of 1,5 J with 
circular tissue trauma of 2.1 ± 1 mm radius. With increasing laser pulse duration (500 ms) the tissue trauma 
increased. Bipolar forceps showed an occlusion rate of 100 %. Destruction depth by laser application is limited to 
40 μm and is thus a factor of 10 less traumatizing than with bipolar forceps. 

Conclusion 

Pulsed thulium laser at 1940 nm with CO2 cooling achieved non-destructive blood vessel haemostasis and has 
proven to be a tissue-gentle method compared to bipolar forceps. Future plans include integrating the flexible 
laser fibre (0,7mm in diameter) into an intraoperative ultrasound aspirator system for intraoperative direct 
coagulation of bleeding during ultrasound aspirator without interrupting the intraoperative workflow. 

References 

[1] E. Passacantilli, G. Anichini, G. Lapadula, M. Salvati, J. Lenzi, and A. Santoro, "Assessment of the utility of the 
2-µ thulium laser in surgical removal of intracranial meningiomas," Lasers in Surgery and Medicine, vol. 45, no. 3, 
pp. 148–154, Mar. 2013. 
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Mikrochirurgische Aneurysma-Therapie unter Einsatz eines 3D4K Exoskop-Systems – eine retrospektive 
Monocenterstudie 
Microsurgical aneurysm repair using a 3D4K exoscope system – a retrospective single centre study 

T. Pantel1, R. Drexler1, J. Göttsche1, A. Piffko1, M. Westphal1, J. Regelsberger1, L. Dührsen1 

1Universitätsklinikum Hamburg-Eppendorf, Klinik und Poliklinik für Neurochirurgie, Hamburg, Deutschland 

Objective 

With increasing frequency, 3D4K exoscope systems (EX) are being used in neurosurgery and are often described 
as feasible alternatives to conventional microscopes (OMs). In this study, we review and report our experience 
using the Orbeye® exoscope (Olympus, Germany) in microsurgical aneurysm repair compared with the 
conventional OM. 

Methods 

A retrospective analysis of patients who underwent microsurgical repair of incidentally or ruptured cerebral 
aneurysms between 8/2018 and 8/2020 was performed. Individual patient-, disease related and aneurysm 
characteristics were evaluated. Data on surgery duration were assessed and correlated with the OM cohort for 
time trend and comparability. In addition, technical aspects were evaluated in terms of reliability. 

Results 

185 aneurysm cases were identified during the mentioned period. The EX was used for surgery in 44 cases. The 
mean surgical duration was in a comparable time frame with no statistically significant difference between the 
devices (165.5 ± 45.8 minutes (EX) vs. 160.5 ± 39.2 minutes (OM), p>0.05). Rates of complete aneurysm 
occlusion (95.5% (EX) vs. 92.2% (OM), p>0.05) as well as postoperative complications (9.1% (EX) vs. 9.7% (OM), 
p>0.05) were also comparable. In none of the cases with the EX did technical problems occur, likewise a switch 
to the OM was not necessary. 

Conclusion 

The results of our study provides equipoise with the OM in vascular microsurgery. Because of the ease of use 
and comparable surgical results the EX widens the spectrum of visualization tools and allows choice of tool 
according to individual surgeons´ preferences. 
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Prospektive Studie zur Ergonomie bei der Verwendung eines Roboter-Exoskops mit kopfgetragenem Display 
Prospective study of the ergonomics using a robotic exoscope with a head-mounted display 
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Objective 

Conventional microscopes have been an integral part of modern neurosurgery for decades. Nevertheless, due to 
the largely unchanged design with fixed eyepieces attached to the device, some disadvantages in terms of 
posture and ergonomics have been claimed. Monitor-based exoscopes could solve this problem and thereby 
lead to less work-related sick leave for surgeons. The aim of this study was to assess the ergonomics, usability, 
and neurosurgeon"s comfort of a novel three-dimensional head-mounted display-based exoscope in 
a standardized setting. 

Methods 

A total of 34 neurosurgeons naïve to the device participated in a workshop on the exoscope, which features a 
head-mounted display and a head gesture-triggered control panel. After completion of a custom-made 10-step 
microsurgical exercise, a questionnaire was answered with regard to image quality and comfort. Participants' 
posture and performance during the procedure were analyzed using video motion analysis software. 

Results 

34 participants with a median neurosurgical experience of 6 years were included. The median time to complete 
the exercise was 12 minutes (inter-quartile range [IqR] 9.4, 15.0). Significantly less time was needed for steps 6-
10 compared to steps 1-5, especially in younger participants (p=0.005) and those with video game experience 
(p=0.03). Overall, participants reported no major difficulties using the exoscope, with median satisfaction at 80% 
for the device in general and 82% for image quality. 88% of the participants would feel safe to use the 
RoboticScope in the OR with technical assistance.  The median coronal displacement of the upper body as well 
as the head displacement from the neutral axis was 0° [IqR -3, 5 and 0, 2; respectively. Participants with less 
microsurgical experience showed less head and body displacement during the exercise (p=0.01). 

Conclusion 

The robotic exoscope showed high participant approval in terms of ease of use and image quality. Using the 
microsurgical training tool, we were able to map a steep learning curve with sufficient learnability of key 
commands. The exoscope was also characterized by an ergonomically favorable posture and could become an 
alternative to conventional microscopes due to the potentially higher comfort for the surgeon. 
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Multiplex-Analyse extrazellulärer Vesikel des Liquors von intraspinalen Tumoren – erweiterte Analyse 
"Multiplex analysis of CSF extracellular vesicles of intraspinal tumours" – extended analysis 
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Objective 

Extracellular vesicles (EVs) play an important role in cell-cell communication in different types of tumors, 
carrying multiple layers of biological functional molecules, including proteins, RNA, DNA and lipids. We 
previously demonstrated that extracellular vesicles (EV) from central nervous system tumors reflect the 
molecular subtype of the original tumor and mediate an exchange of pro-oncogenic signals. Their implication as 
biomarkers in tumor disease is under current investigation. It is unclear, however, to what extent cerebrospinal 
fluid (CSF) EVs from intraspinal tumors are utilizable for diagnosticial purposes. Here we show our extended 
analysis of CSF EVs of intraspinal tumors to define CSF EV profiles that allow tumor subtype classification. 

Methods 

EVs were isolated from CSF of patients suffering from intraspinal meningioma (n=5), ependymoma (n=6)), 
heamangioma (n=3) and neurinoma (n=5), control patients (n=7). EVs were analyzed by multiplex bead based 
assay, immunoblotting, electron microscopy, imaging flow cytometry (IFCM) and NTA. 

Results 

CSF EVs were in the expected size range (100-150nm) and showed vesicular structures by electron microscopy. 
Using our 37 protein multiplex EV profiling kit we found 29 proteins to be expressed in a sufficient manner on 
CSF EVs. CSF EVs of neurinomas had elevated levels of SSEA-4, CD19e, CD44, HLA-A/B/C, ependymomas showed 
elevated levels of CD133, CD29, haemangiomas showed elevated levels of CD9, CD63, CD81 while meningiomas 
showed elevated of CD62P, HLA-DR, CD40, CD42a and CD45 expression levels. IFCM confirmed increased levels 
of distinct EV subpopulation for neurinomas, ependymomas, and meningiomas. 

Conclusion 

Our extended comprehensive analysis of CSF EV of intraspinal tumor patients shows that CSF EVs display distinct 
subpopulations that may allow tumor classification and long-term surveillance. However as tumor-specific EVs 
may be rare, there is still the need to identify markers that can enrich tumor-specific EVs for molecular profiling. 
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Laser Speckle Contrast Analysis ermöglicht eine intraoperative Bestimmung der spinalen Autoregulation 
Laser speckle contrast analysis allows the intraoperative assessment of spinal autoregulation 
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Objective 

In the central nervous system, autoregulation is an adaptive mechanism to maintain a constant perfusion 
despite changes in blood pressure. In the recent years, studies have shown, that several pathologies like 
traumatic brain injury, ischemic stroke, or cerebral tumors result in an impaired cerebral autoregulation. This 
deficit was shown to be a predictor for worse patient outcome. However, studies on spinal autoregulation (SA) 
and its potential impairment in pathologies are rare. In this pilot study, we intraoperatively assessed the SA in 
response to changes in blood pressure in patients with intradural tumors using non-invasive Laser Speckle 
Contrast Analysis (LASCA). 

Methods 

In 4 patients with intradural tumors (hemangioblastoma, pilocytic astrocytoma, meningioma, schwannoma), 
intraoperative LASCA imaging (FLPI2, Moor Instruments) was performed before and after tumor resection. 
During LASCA imaging, 10 mmHg mean arterial blood pressure (MAP) changes were induced, and the relative 
response of spinal blood flow (SBF) was recorded by LASCA. The SA was calculated at the tumor site as well as 
within an area of intact spinal cord.  

Results 

Functional autoregulation was observed in areas of the spinal cord without tumor infiltration. In these areas, the 
SBF remained relatively constant to changes in MAP (+0.41 ± 0.24% SBF per mmHg MAP↑). In contrast, all four 
patients showed a severe impairment of SA at the location of the tumor, which resulted in a significant increase 
in SBF in response to blood pressure changes (+2.63 ± 1.28% SBF per mmHg MAP↑). Following tumor resection, 
the SA improved at the resection-site of the tumor (+1.97 ± 1.39% SBF per mmHg MAP↑) and at the 
surrounding intact spinal cord (+0.23 ± 0.15% per mmHg MAP↑). 

Conclusion 

SA can be assessed intraoperatively using non-invasive LASCA imaging in intraspinal tumor surgery. Functional SA 
was observed in areas of intact spinal cord whereas the SA was impaired in tumor infiltrated areas. LASCA 
imaging allows an intraoperative real-time detection of impaired SA and thus, has a positive impact on intra- and 
postoperative risk-assessment, especially in regard to spinal infarction or bleeding. However, this technique is 
limited to intraspinal pathologies since opening of the dura is required for LASCA imaging of the spinal cord. 
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Einschätzung der neurologischen Ergebnisse nach Resektion von intraspinalen Meningeomen 
Assessment of neurological outcome after resection of spinal meningiomas 
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Objective 

First line therapy for symptomatic spinal meningiomas is surgery, however, the postoperative outcome may be 
heterogeneous.  The aim of this study was to evaluate potential preoperative clinical and imaging factors 
influencing the postoperative neurological deterioration. 

Methods 

We conducted a single-center retrospective analysis of spinal meningiomas that were operated between 2004 
and 2019. Demographic, clinical, and radiological data (tumor size, location, occupation ratio and the degree of 
spinal cord compression), comorbidities, histological features, complications, intraoperative risk factors were 
recorded. Karnofsky Perfomance Status, Modified McCormick Scale and Frankel Scale were used to assess 
patients" functional status before surgery, at discharge and 3-6 months after the surgery. 

Results 

In total, 121 patients were included in the analysis, mean age was 66 (SD 13) years and 86% were female. The 
most common location was thoracic (68%) followed by upper (17 %) and lower (12 %) cervical spine. 
Preoperatively, 2% of patients were categorized as Frankel A, 2% as B, 34% as C, 54% as D, 8% as E. Neurologic 
function improved in 36%, remained unchanged in 58% and worsened in 4% at the time of discharge. After 3-6 
months the proportions changed to 54%, 26% and 5%, respectively. Preoperatively Frankel category correlated 
significantly with the degree of spinal cord flattening (p=0.014, Spearman"s rho -0.23). No relationship between 
the presence of T2 hyperintense signal and Frankel score could be established. Postoperative complications 
were reported in 4.8% of cases (hematoma in 3 patients, CSF fistel in 2 patients, meningitis in 1 patient). No 
factors associated with worsening of neurological symptoms could be established although the number of cases 
was limited to five. The degree of cord compression, spinal canal occupation ratio did not have significant effect 
on outcome. 

Conclusion 

Surgery of intraspinal meningiomas can be considered as safe. In our cohort there is a correlation between 
degree of spinal cord compression and preoperative neurological deficits. However, it is not associated with 
early postoperative outcome. 
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Inzidenz und Risikofaktoren von Liquorfisteln nach intraduralen spinalen Eingriffen 
Incidence and risk factors of cerebrospinal fluid leaks following intradural spinal surgery 
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Objective 

While several studies have investigated the incidence and perioperative management in accidental spinal 
durotomies, the impact of postoperative bed rest or epidural drainage on the incidence of cerebrospinal fluid 
leakage (CSFL) in planned durotomies is unclear. This study aimed to assess the impact of the perioperative 
management on the incidence of CSFL in planned durotomies. 

Methods 

All planned intradural spine surgeries performed at our institution between 2010 and 2020 were retrospectively 
reviewed and all cases that underwent the standard dural closure technique at our institution (primary suture 
topped by patch sealant) were included in the study. CSFL was defined as leakage through the wound or 
development of a pseudomeningocele necessitating operative treatment and patients were dichotomized 
accordingly. The incidence of CSFL was analyzed with regard to timing of mobilization, defined as "early" (within 
24h) or "late" (minimum 24h bed rest), as well as with regard to the possible impact of epidural drainage 
placement. 

Results 

256 cases were included in the study. The median patient age was 55 years, 50.4 % were female. The overall 
incidence of CSFL was found to be 4.3% (11 cases). Patient- or procedure-related factors did not significantly 
differ between the early and late mobilization group or between the drainage and no-drainage group (all p > 
0.1). Patients were mobilized within 24h postoperatively in 129 (50.4%) of cases, the frequency of revision 
surgery for CSFL was not significantly different between the early (4/129, 3.1%) and late (7/127, 5.5%) 
mobilization group (p = 0.374). In cases of epidural drainage placement (143/256, 55.9%), the incidence of CSFL 
was 4/143 (2.8%) cases compared to 7/113 (6.2%) cases that did not receive an epidural drainage (p = 0.222). 
Force of suction was not found to impact CSFL development (reduced suction 2/75 (2.7%) vs 2/68 (2.9%) no 
suction; p = 0.921) either. 

Conclusion 

Our retrospective analysis demonstrated an incidence of CSFL of about 4% following intradural surgery and 
standard dural closure by suture and patch sealant. Early mobilization as well as epidural drainage with at least 
reduced suction force were found to be safely applicable and favorable with regard to prevent non-CSFL related 
complications following planned spinal durotomies. 
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Neuropathische Schmerzen nach intraduraler spinaler Tumorchirurgie: eine unterschätzte Komplikation? 
Neuropathic pain after spinal intradural benign tumour surgery – an underestimated complication? 
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Objective 

Neuropathic pain may present a burdening and impairing condition after spinal intradural tumor surgery. While 
it has been described in peripheral nerve sheath tumors, data on other intradural tumor patients remains 
sparse. We hereby present a large cohort population undergoing different intradural spinal tumor surgery with 
assessment of early postoperative and follow-up outcomes, focusing on the occurrence of neuropathic pain. 

Methods 

Retrospective monocentric study including all patients treated for intradural spinal tumors between 2009 and 
2020. We extracted surgical data as well as pre- and postoperative clinical courses from the records. Statistical 
analysis of potential contributing prognostic factors was performed. 

Results 

In total, we included 360 patients for analysis. At a median follow-up of two years, 26/360 patients complained 
of a neuropathic pain syndrome (7.2%) requiring continuous pain medication. Of these patients only 50% 
complained preoperatively of pain. Tumor entity did not significantly influence the incidence of postoperative 
neuropathic pain (p=0.91). Sacrifice of the tumor carrying nerve root and tumor recurrence also did not increase 
the risk for this condition. 

Conclusion 

Persistent neuropathic pain requiring continuous treatment occurred in 7.2% of patients undergoing intradural 
spinal surgery in our cohort. This frequently underestimated postoperative adverse event represents a disabling 
condition leading to a substantial impairment in the quality of life among the affected patients. 
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Intraspinale Meningeome – Analyse des Managements & Outcomes von 300 chirurgisch behandelten Patienten 
Intraspinal meningiomas – analysis of management & clinical outcome of 300 surgically treated patients 
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1Universitätsklinikum Essen, Klinik für Neurochirurgie und Wirbelsäulenchirurgie, Essen, Deutschland 

Objective 

Spinal meningiomas are rare diseases of the vertebral column. While cerebral meningiomas have been 
thoroughly studied, further investigations on spinal meningiomas are urgently needed. This study aimed to 
evaluate the treatment & outcome of surgically treated patients with spinal meningiomas 

Methods 

Three hundred patients with histologically confirmed meningiomas were surgically treated from 1990 to 2020. 
Data collection was based on clinical data, radiological findings, operative reports & postoperative follow-up. 
McCormick Scale measured pre- & postoperative neurological function. Charlson Comorbidity Index (CCI) was 
calculated to assess effect of comorbidities on preoperative status & postoperative outcome. Univariate & 
multivariate analyses were performed to determine significant coherences (p-value ≤ 0.05 was considered 
statistically significant). Kaplan-Meier & Cox regression analyses were performed to analyze overall survival 

Results 

Anatomic distribution was 20.3% cervical, 3.3% cervicothoracic, 65.7% thoracic, 0.7% thoracolumbar & 3.7% 
lumbar, respectively. Furthermore, tumors were classified as ventrally (7.3%), ventrolaterally (29.7%), dorsally 
(11.1%), dorsolaterally (21.1%) & mediolaterally (2.3%) in relation to the spinal cord. Mean age was 63.1 years, 
ranging from 20 to 87 (± 14.01 SD). At admission, patients with cervical intraspinal meningiomas presented most 
frequently paresis of one arm & sensory disorders, whereas cervicothoracic meningioma led to myelopathy 
symptoms (p<0,05). Thoracic meningiomas mainly caused paraparesis, sensory disturbances & myelopathy 
symptoms, while thoracolumbar & lumbar meningiomas caused pain/ lumbago as a typical first symptom 
(p<0.05). 98,7% of all patients showed gross total resection in 6 months FU after surgery. No significant 
differences in pre- & early postoperative McCormick grades (p=0.111) were detected. However, a trend towards 
lower McCormick was identified in FU 6 months after surgery of thoracic & lumbar meningiomas (p=0,004). 
Multivariate analysis confirmed that a high Body Max Index was independently associated with postoperative 
high McCormick grade (p<0.05). A higher CCI was not related to higher McCormick grades (p=0.367) 

Conclusion 

Because surgery for intraspinal meningiomas does not result in worsened functional outcome, surgical resection 
of this tumor entity should be pursued. Further exploration of other BMI-related factors is needed to determine 
the management & outcome of patients with intraspinal meningiomas 
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Risikofaktoren für postoperative spinale Liquorfisteln nach intraduraler spinaler Chirurgie 
Risk factors for postoperative spinal cerebrospinal fluid leakage after intradural spinal surgery 

C. M. Jesse1, H. Schermann1, J. Goldberg1, M. Gallus1, L. Häni1, A. Raabe1, R. T. Schär1 

1Inselspital, Universitätsspital Bern, Universitätsklinik für Neurochirurgie, Bern, Schweiz 

Objective 

Cerebrospinal fluid leakage (CSFL) is a common complication after intradural spinal surgery. There is a lack of 
data in the literature concerning risk factors and management. The aim of this study was to identify patient and 
surgery related risk factors for the occurrence of CSFL after intradural spine surgery. 

Methods 

For this retrospective cohort study, we identified patients who underwent intradural spinal surgery between 
2009 and 2021 at our department, Primary endpoint was the incidence of clinically or radiologically proven CSFL. 
Clinical and surgical data were collected and the impact of patient related and perioperative factors on 
occurrence of CSFL was analyzed using Chi-square test and logistic regression. 

Results 

In total 375 patients (60.3% female, mean age 54 ± 16.5 years) were included for the final analysis. Arterial 
hypertension was the most frequent comorbidity affecting 26.9% of patients. Patients underwent surgery either 
for intradural spinal tumors (64.8%), spontaneous intracranial hypotension (25.3%), vascular pathologies (6.9%) 
or for spinal cord herniation (2.9%). Overall, 8% (30/375) of patients suffered postoperative CSFL. Patients with 
CSFL were at significant higher risk for wound healing disorders (36.7%, 11/30), surgical site infections (20%, 
6/30) and need for re-surgery (96.7%, 29/30; p < 0.001 for each) comparing to those without CSFL. 

Surgery at the thoracic spine had a significantly lower postoperative CSFL rate compared to surgeries at the 
cervical or lumbar spine (p 0.019). Previous surgery at the index level and intradural spinal tumors had the 
highest risk profile for CSFL (p = 0.05 and p = 0.069). No patient related factor as sex, age, BMI, smoking, 
diabetes or arterial hypertension had an impact on CSFL. Surgery related factors such as number of vertebral 
levels and duration of surgery, approach and use of sealant, also did also not influence the occurrence of CSFL. 
Prolonged bedrest after surgery had no impact on occurrence of CSFL. 

Conclusion 

Our study did not find any modifyable risk factor for preventing a CSFL after intradural spinal surgery. Patients 
operated for an intradural tumor or those with previous spinal surgery at the index level might be at higher risk 
for CSFL. As a CSFL results in significant more wound healing disorders, SSIs and further need of therapy, 
surveillance of these patients is crucial. 
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Komplikationsprofil nach operativer Therapie instabiler tumoröser Läsionen des zervikothorakalen Übergangs 
der Wirbelsäule 
Complication profile after surgical therapy in instable tumorous lesions of the cervicothoracic junction of the 
spine 

A. Kramer1, L. Köhne1, F. Ringel1, M. Ö. Turgut1 

1Universitätsmedizin der Johannes Gutenberg-Universität Mainz, Neurochirurgische Klinik und Poliklinik, Mainz, Deutschland 

Objective 

Tumorous lesions causing instability in the cervicothoracic junction of the spine require complex surgical 
strategies due to the anatomy and the high biomechanical load of this part of the spine. Aim of this retrospective 
monocentric study was to evaluate and quantify the complication rate after stabilizing surgical treatment of the 
cervicothoracic junction. 

Methods 

Records of all consecutive patients receiving surgical treatment for tumorous lesions of the spinal levels C7 – T2 
between 2010 – 2019 were evaluated. Relevant epidemiological, clinical and surgical data were assessed. Spinal 
Instability Neoplastic Score Score (SINS) was calculated on the basis of preoperative imaging. Complications were 
grouped in general and implant associated complications. 

Results 

Records of a total of 26 patients were analyzed. Mean age of the 17 male and 9 female patients was 60 years. 23 
patients were treated for metastases, 2 for plasmacytoma and 1 for Giant-cell-tumor of the bone. Mean 
preoperative Karnofsky Performance Score was 60 %. Mean preoperative SINS was 14. Instability of the spine 
was the main indication for surgical therapy in 24 patients (92 %). Of 18 patients (69 %) with preoperative 
neurological deficits surgical therapy lead to partial improvement in 8 (44 %) and complete neurological 
improvement in 4 (22 %) cases. In 14 (54 %) cases surgery-related complications occurred. General 
complications occurred in 10 cases (38 %): Wound healing disorders in 8 cases (30 %), postoperative hematomas 
needing surgical evacuation in 2 cases (7.7 %). Implant associated complications occurred in 6 cases (23 %): 
Malposition of implants in 3 cases (11.5 %), hardware failure in 3 cases (11.5 %). In-hospital mortality rate was 
11.5 %. 

Conclusion 

Both general as well as implant associated complication rates were high. In combination with a high in-hospital 
mortality rate our data underline the challenging demands placed on the surgical treatment of tumorous lesions 
of the cervicothoracic spine. 
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Der anteriore Zugang zum zervikothorakalen Übergang über eine partielle Sternotomie – Bericht über die 
technischen Möglichkeiten, postoperative Morbidität und Outcome 
Anterior access to the cervicothoracic junction via partial sternotomy – report on technical feasibility, 
postoperative morbidity and outcome 

M. Issa1, B. Ishak1, J. O. Neumann1, S. Al-Maisary2, K. Kiening1, A. W. Unterberg1, M. Scherer1 

1Universitätsklinikum Heidelberg, Neurochirurgische Klinik, Heidelberg, Deutschland 
2Universitätsklinikum Heidelberg, Thoraxchirurgie, Heidelberg, Deutschland 

Objective 

Surgical access to the anterior structures of the cervicothoracic junction and upper thoracic spine is challenging 
and controversy persists whether to choose an anterior or posterior approach. The aim of this study was to 
assess early morbidity and outcome in patients undergoing anterior access to the cervicothoracic junction via 
partial sternotomy. 

Methods 

A total of 7 cases, with an acute pathology of the upper thoracic spine from C7 to T4 (3 metastatic fractures, 1 
bicycle accident traumatic fracture, 1 tuberculotic fracture, 1 thoracic disc herniation with spinal cord 
compression, 1 Spondylodiscitis), undergoing ventral thoracic corpectomy and fusion via partial sternotomy 
between 2017 and 2021 were retrospectively reviewed. Technical feasibility, early and late morbidity and clinical 
and radiological outcome were evaluated. 

Results 

Median age was 49 years (range: 21-74 years), 5 (71.4%) were male and 2 (28.6%) female. 5 (71.4%) cases were 
ASA grade 2, 2 cases (28.6%) were grade 3. The SINS Score was 12 (range 9 – 14). 3 (42.9%) cases underwent 
additional posterior instrumentation, the other 4 (57.1%) had stand-alone anterior fusion. All surgical 
procedures were performed uneventfully with no new neurological deficits. Median length of hospital stay was 9 
days (range 6-20) including median 1 day on ICU, respectively. Blood transfusion was necessary in three cases. 
Median blood loss was 500ml. Two cases (33.3%) developed slight to moderate postoperative dysphagia with 
maintained unrestricted oral diet. Both recovered completely during follow-up. One case developed a wound 
healing disorder treated conservatively. There was no sternal instability or post-sternotomy pain. All cases were 
discharged on non-steroidal pain medication only. No in-hospital mortality was observed. Radiological outcome 
was unremarkable in all cases with no case of implant failure. One case died due to the underlying disease during 
follow-up. The median follow-up was 3 months (average: 1–29 months). 

Conclusion 

Our series indicates that the anterior approach to the cervicothoracic junction and upper thoracic spine via 
partial sternotomy is a safe and effective option to treat anterior spine pathology also in multi-morbid patients. 
Interdisciplinary approach and stimulation-monitoring contribute to the safety profile and reduce postoperative 
morbidity. Careful case selection is essential in order to adequately balance clinical benefits and surgical 
invasiveness for these procedures. 
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Chirurgische Dekompression bei Patienten mit niedrig bis mittelgradiger epiduraler Rückenmarkskompression 
und ohne neurologisches Defizit 
Decompressive surgery in patients with metastatic low to intermediate epidural spinal cord compression and no 
neurological deficit 

N. von Spreckelsen1, M. Lenz2, J. Ossmann1, L. Nadjiri3, M. Lenschow1, S. Telentschak1, K. Zarghooni2, J. Meyer2, J. 
Keßling2, P. Knöll2, M. Perrech1, R. Goldbrunner1, E. Celik3, M. J. Scheyerer2, V. Neuschmelting4 
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Objective 

Decompressive surgery (DS) followed by radiotherapy (RT) is a vital part of the multimodal treatment approach 
in patients with symptomatic spinal metastases. (Patchell RA et al., Lancet, 2005).  The therapy regime for 
patients without neurological deficits but impending paralysis due to epidural spinal cord compression (ESCC) is 
often set accordingly, yet data to justify additional DS over RT alone is scarce in this cohort. This study aims to 
analyze the impact of additional DS on clinical outcome of patients with low to intermediate ESCC. 

Methods 

We performed a single center, multidepartment retrospective analysis of patients treated for spinal epidural 
metastases from 2011-2021. Clinical characteristics and imaging data were evaluated. Neurological status was 
assessed by Frankel grade, ESCC was categorized according to the ESCC-scale. Low grade ESCC was defined as 1b 
and 1c, intermediate as 2 on the ESCC-scale. Spinal instrumentation surgery was only considered as DS if 
additional targeted decompression was performed. Significance was calculated with chi-square, Fisher"s exact or 
Mann-Whitney-U test. p<0.05 was defined as significant. 

Results 

ESCC-scale could be determined in 519 patients.  Of these, 190 (36,6%) presented without neurological deficit 
(Frankel E) and low or intermediate ESCC-score (1b-2). Median follow up was 3 months, (min = 0, max = 79, SD 
14.59 months). 36 (18.9%) presented with an ESSC of 1b, 43 (22.6%) with 1c and 111 (58.4%) with an ESSC-Score 
of 2. Surgical decompression and RT were performed in 147 (77.4%) of patients while 43 (22.6%) received either 
instrumentation and RT or RT alone. A reliable follow up was available for 171 of 190 patients. At last available 
follow up there was no significant difference in neurological outcome between the two groups (p=0.286). 
Neurological status worsened in 7 patients (5%) treated with surgical decompression and in 1 patient (3%) 
treated without decompression. 

Conclusion 

In our retrospective cohort, we could not find a general benefit of additional DS over RT alone regarding 
neurological outcome on short term follow up. Further subgroup analyses of clinical cofactors to be taken into 
account (e.g. radiosensitivity of the primary tumor) to identify the asymptomatic patients that may benefit from 
DS in particular are ongoing. Until then, our data suggest that indication for DS in asymptomatic patients with 
low or intermediate ESCC needs to be set cautiously. 
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Der one-stop-shop-Ansatz: Navigierte lumbale 360-Grad-Instrumentierung in einer Lagerung 
The one-stop-shop approach – navigating lumbar 360 degree instrumentation in single positioning 

S. Ille1, M. Schwendner1, R. Liang1, V. Butenschoen1, B. Meyer1, S. M. Krieg1 

1Klinikum rechts der Isar der TU München, Klinik und Poliklinik für Neurochirurgie, München, Deutschland 

Objective 

Neuronavigation for pedicle screw placement in dorsal instrumentation is routinely performed in multiple 
centers. Neuronavigation for lateral instrumentation is also an upcoming approach. With this in mind, we started 
to perform navigated dorsal and lateral instrumentation of the lumbar spine in a single operation and 
positioning. 

Methods 

Patients with 1- or 2-level discitis scheduled for dorsal and lateral instrumentation were prospectively enrolled 
and the surgeons" evaluations were acquired. Intraoperatively, we positioned patients semi-prone in a 45 
degree fashion to enable both dorsal pedicle screw placement and lateral interbody fusion (LLIF). For spinal 
navigation, a registration array was attached to the pelvis or spinal process and intraoperative computed 
tomography (ioCT) scans were acquired for registration and control of screw and cage positioning. 

Results 

Up to now, we included 10 patients suffering from 1- or 2-level discitis. The mean±standard deviation body-mass 
index was 28.5±6.0 with a median (range) ASA score of 2.5 (1-3). Overall, we placed 46 pedicle screws with an 
intraoperative revision rate of 13.1%, primarily based on a navigation error during one single surgery leading to 
revision of 4 screws. LLIF was performed on 13 levels with an intraoperative revision in 1 patient (7.7%). The 
mean duration of surgery was 127.4±42.0 min with a mean blood loss of 410±354 ml. No patient showed intra- 
or postoperative complications. For surgeons, the new positioning and orientation for instrumentation was 
feasible, positively rated with an overall median of 9 (range 3-10; [scale min-max 1-10]) and a median mental 
load of 20 (range 0-100; [scale max-min 150-0]). A learning curve was measurable by the decrease of mental 
load. 

Conclusion 

Navigated dorsal and lateral instrumentation of the lumbar spine in a single operation and positioning is feasible 
and safe. It enables to accelerate 360° instrumentation of patients and shows high acceptance and learning 
curves even in a high-volume spine center. Compared to the prone LLIF technique, anatomical orientation and 
physical burden seem to be advantageous at least in a subjective manner. 
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Klinische Krankheitsmerkmale und Management der pyogenen Wirbelsäuleninfektionen: eine retrospektive 
Studie 
Clinical characteristics and management of pyogenic spinal infections – a retrospective study 

M. M. Hijazi1, S. Hennig1, P. Glatte1, T. Juratli1, I. El-battrawy2, G. Schackert1, D. Podlesek1 

1Carl Gustav Carus Universitätsklinikum, TU Dresden, Klinik und Poliklinik für Neurochirurgie, Dresden, Deutschland 
2Universitätsklinikum Bochum, Kardiologie, Bochum, Deutschland 

Objective 

The incidence of pyogenic spondylodiscitis and epidural empyema has been increasing, due to the rising 
numbers of immunosuppressed patients. The clinical features of epidural empyema and spondylodiscitis differ in 
many aspects. In this retrospective study, we analyzed clinical data of a large cohort of patients with pyogenic 
spinal infections. 

Methods 

Data from 120 patients (79 men, 41 women; median age: 68 y) who underwent treatment in our hospital 
between 2016 and 2021 were analyzed. The patients have been diagnosed with isolated spondylodiscitis (n=16, 
13.3%), epidural empyema (n=30, 25%) or spondylodiscitis with epidural empyema (n=74, 61.7%). Clinical, 
radiographic, microbiological and demographic data were evaluated. 

Results 

Pyogenic spinal infections occurred predominantly in male patients (65.8%). Males were significantly younger 
than females at the time point of diagnosis (men: 66y, women: 75y, p= 0.027). 116 patients underwent surgical 
treatment (empyema debridement with/without stabilization), three patients were biopsied, while one patient 
remained under conservative therapy. Patients with isolated epidural empyema without discitis developed 
significantly less often (16.7%) sepsis in the disease course, compared with their counterparts with discitis 
(discitis with empyema 54.1%, isolated discitis 62.5%, p= 0.001). Methicillin-sensitive Staphylococcus aureus 
(MSSA) represented the most frequently isolated pathogen (47.5%) in our study. In addition, we found Candida 
albicans infections in 3.3% of patients, which was associated with a significantly longer hospital stay (58 vs. 31 
days, p= 0.005). In 3% of patients, the isolation of a pathogen failed due to an upfront empiric antibiotic therapy. 

Conclusion 

Pyogenic spinal infections comprise heterogeneous disease groups with distinct clinical features and outcome. In 
our study, epidural empyema patients showed a more favorable disease course than patients with discitis. MSSA 
represented the most frequently isolated pathogen in pyogenic spinal infections, while fungal spinal infections 
are underestimated and often co-occur with other bacterial infections. 
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Degenerativer zervikaler Myelopathie: Akkumulation von proinflammatorischem Eotaxin-1 im postoperativen 
Liquorproben im Vergleich zu preoperativen und gesunden Kontrollen. Hinweise für eine verlängerte 
Inflammation und Neurotoxizität? 
Degenerative cervical myelopathy – Accumulation of proinflammatory eotaxin-1 in postoperative CSF samples 
compared to preoperative and healthy controls. Advice for extended inflammation and neurotoxicity? 

A. Müller1, V. Mainz2, U. Bertram1, S. Tobias1, T. Pufe2, H. Clusmann1, C. Blume1 

1Universitätsklinikum RWTH Aachen, Klinik für Neurochirurgie, Aachen, Deutschland 
2Universitätsklinikum RWTH Aachen, Institute of Anatomy and Cell Biology, Aachen, Deutschland 

Objective 

Endogenous immune mediated reactions of inflammation are a component of the secondary injury of the spinal 
cord in patients with degenerative cervical myelopathy (DCM). Eotaxin-1 (CCL11), which is a chemokine and 
eosinophil chemoattractant,  is elevated in the cerebro-spinal fluid (CSF) of patients with neuroinflammatory 
disorders. The study aim is to identify the eotaxin-1 alterations in CSF of patients with DCM before and after 
surgery and to compare those to a control group. 

Methods 

Patients with DCM (n=50; 21 female; mean age 62.9±11.1SD) were included. CSF samples were taken pre- and 
postoperatively. A control group of patients (n=51; 17 female; mean age 61.1±16.6), with abdominal aortic 
aneurysm (AAA), requiring surgery was established. The neurological status of participants was evaluated prior 
surgery including NDI and mJOA. Samples were examined via ELISA tests. Protein-concentrations of CCL11 were 
measured in CSF pg/ml. 

Results 

Groups did not differ in terms of age and gender distribution. Groups differed regarding their neurological status 
(mJOA: DCM 10.98±3.0, AAA 17.27±1.2, p<0.001; NDI: DCM 40±20.7, AAA 6±8.3, p<0.001), and in CCL11 
concentrations: DCM 2,96±0.52, AAA 1.76±1.03, p<0.001). A significant increase of CCL11 was observed three 
month after surgery (5.71±2.75). These values were significantly increased both in comparison to the controls 
and to the preoperative values (p<0.001). Subgroup analysis of clinical data via correlations showed no 
significant differences in concentrations of CCL11. 

Conclusion 

Microglia express the CCL11 receptor and CCL11 promote microglial migration, and increase microglial 
expression of reactive oxygen species, which reinforce neurotoxicity. A definitive answer to the question of 
whether inflammation and neurotoxicity have a significant influence on the maintenance of DCM even after 
surgery cannot yet be given in the absence of a correlation with clinical outcome data. Larger case numbers are 
necessary to answer this question with certainty. 
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Der Frailty-Index zur Vorhersage von "adverse events" bei Patienten mit primärer, elektiver operativer 
Versorgung der degenerativen Halswirbelsäulenerkrankung 
Frailty predicts adverse events in patients undergoing primary elective surgery for degenerative cervical spine 
disease 
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Objective 

Preoperative risk/benefit assessment is essential, especially in non-complex primary elective surgery for 
degenerative cervical spine disease (DCSD). We therefore sought to determine the impact of frailty and 
preexisting comorbid disease burden on postoperative adverse events in this patient population. 

Methods 

Between 2013 and 2019 patients with DCSD who underwent elective surgery at our institution were included for 
further analysis. Information including patient characteristics, frailty and CCI were prospectively collected in a 
computerized database. Patients frailty was analyzed using the modified frailty index (mFI) and the Charlson 
comorbidity index (CCI) was used to assess the patients comorbidity burden. Postoperative complications were 
defined as adverse events (AE) that occurred within 30 days of surgery and were evaluated according to the 
Clavien-Dindo grading system (CDG). 

Results 

In total, 400 patients with DCSD and elective surgery were identified. Among patients categorized as "least-frail", 
4% suffered a postoperative AE, whereas 52% of "frailest" patients.  Patients with age-adjusted CCI > 4 were 
significantly more likely to suffer postoperative complications (p<0.0001, OR 14.8, 95% 7.4-29.6). Multivariate 
analysis identified "age-adjusted CCI" (p=0.0001), "surgical invasiveness index >5" (p=0.03) and "frailest patient 
(mFI≥0.27)" (p<0.0001) as significant and independent predictors for the incidence of postoperative AE. 

Conclusion 

Our present study concludes that both increased frailty and comorbidity burden are significantly associated with 
higher rates of adverse events. The mFI may identify patients at higher risk for morbidity and mortality after 
elective surgery for degenerative cervical spine disease and it should become an essential component of risk 
stratification in this aging patient population. 
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Die Navigierte minimalinvasive extrem laterale interkorporelle Fusion (XLIF/LLIF) mit dorsaler Instrumentation in 
Bauchlage 
Navigated minimal invasive Extreme Lateral Lumbar Interbody Fusion (XLIF/LLIF) and dorsal instrumentation in 
single prone position (nXLIF) 

J. Pieczewski1, M. Perrech1, S. Telentschak1, N. von Spreckelsen1, M. Lenschow1, D. M. Czybulka1, R. 
Goldbrunner1, V. Neuschmelting1 
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Objective 

The lateral transpsoas approach (XLIF/LLIF) is commonly used for lumbar interbody fusion and usually combined 
with dorsal instrumentation, requiring repositioning of the patient inbetween procedures from lateral to prone. 
In addition, lateral positioning has made the application of neuronavigation difficult in conventional XLIF 
technique and, thus, not been established. The aim of our case series was to investigate whether a navigated 
single prone position approach for XLIF and dorsal instrumentation is feasible and exploit its limitations and 
possible advantages compared to the conventional technique.  

Methods 

We established the technique in three pilot patients indicated for XLIF surgery in an observational prospective 
case series (nXLIF). In prone position a 3D-scan was performed (Siemens, Arcadis Orbic). At first dorsal pedicle 
screws were placed in order to avoid a navigation mismatch subsequent to XLIF. Afterwards the lateral 
retroperitoneal transpsoas approach for XLIF was performed with the surgeon sitting and using navigated 
instruments (Brainlab ®, NuVasive ® XLIF tubular retractors placed exactly parallel to the disc space) under 
intraoperative neurophysiological monitoring. Lastly, the rods were implanted and fixated. The duration, blood 
loss and xray exposure was compared to the standard procedure with a retrospective cohort of seven patients 
with monosegmental and four with bisegmental XLIF. 

Results 

The single prone position nXLIF was found to be a feasible approach for XLIF and subsequent dorsal 
instrumentation. The overall operation time (mean 125 ± 4,24 min) was shorter than in the conventional 
comparison groups (220 ± 96,42 for monosegmental and 370 ± 198,63 min for bisegmental fusion). In the 
conventional XLIF group, repositioning seemed to be relevant time consuming factor (mean 49 min ±30,92). 
Furthermore X-radiation exposition of the surgeon and the patient due to the application of neuronavigation 
appeared to be lower than the conventional technique (365,7 mGy/m2, 2 min vs. 676,56 mGy/m2 and 2,87 min 
in monosegmental XLIF). 

Conclusion 

Here, we first describe a navigated XLIF technique (nXLIF) that allows for dorsal instrumentation in single prone 
position without patient repositioning and demonstrated its feasibility. nXLIF may shorten the surgery duration 
and exposure to X-radiation compared to conventional XLIF/LLIF technique demanding for further clinical trial 
exploitation. 
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Einfluss der Sarkopenie und Knochendichte auf Implantatversagen und Anschlussdegeneration nach lumbaler 
Instrumentation 
Impact of sarcopenia and bone density on implant failure and adjacent level degeneration in lumbar 
instrumentation 
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Objective 

Sarcopenia, the loss of spinal muscle mass with age, is associated with functional decline and increased 
morbidity in degenerative spinal disorders. As the population ages, the number of lumbar spinal instrumentation 
surgeries performed in patients with sarcopenia increases. The purpose of this study was to determine the 
impact of sarcopenia on implant failure (IF) and adjacent level degeneration (ALD) in patients with spinal 
instrumentation surgeries. 

Methods 

Data acquisition was conducted as a single-center retrospective analysis. Eighty consecutive patients receiving 
spinal fusion surgery from January 1st, 2012 to December 31st 2014, for spondylolysis or spondylolisthesis were 
included in our study. Cross-sectional areas of the psoas and paravertebral muscles at the mid-point of pedicles 
L3 and L4 were measured using axial CT images. In addition, measurement of Hounsfield unit (HU) values of 
trabecular bone in the middle axial CT image of vertebral bodies L2 and L3 were performed to assess the bone 
density. 

Results 

Eighty patients underwent instrumentation in 89 lumbar segments. The mean patient age was 62.2+-15.5 years, 
and 45 (56.2%) patients were females. Mean follow-up was 24.30+-19.93 months. Twelve patients necessitated 
revision surgery for either implant failure (58.4%, 7 cases, mean age 72.86+-12.86 years) or adjacent level 
degeneration (41.6%, 5 cases, mean age 58.0+-9.56 years). The average psoas muscle thickness was 791.8+-
260.6 cm2 on L3 and 1142+-340.3 cm2 on L4. The average erector spinae thickness was 2186+-423.5 cm2 on L3 
and 2204+-401.1 cm2 on L4. No significant difference was evident in the average psoas muscle thickness in 
patients with IF or ALD (832.2+-238.7 cm2) compared to those without (700.5+-215.2 cm2). However, the 
erector spinae muscle thickness was diminished in patients with (L3: 1695+-427.0 cm2; L4: 2264+-421.3 cm2) 
compared to those without IF/ALD (L3: 2266+-398.8 cm2; L4: 1747+-358.1 cm2). The detected differences were 
statistically significant in both levels (p < 0.005). In our cohort, muscle thickness was independent of 
chronological age (r2=0.03) and sex. Mean bone density in patients without IF/ALD was 125.4+-64.32 HU and 
25.98+-20.33 HU (p<0.005). 

Conclusion 

In this study, patients with sarcopenic paraspinal muscles and reduced bone density had a significantly higher 
rate of IF and ASD. Therefore, measurement of muscle thickness and bone density using axial CT scans should be 
considered for a more individualized surgical procedure planning. 
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Kurzform des HADS-Score ist in einer Wirbelsäulensprechstunde praktikabel und kann unötige minimal-invasive 
Eingriffe bei Wirbelsäulenleiden vermeiden 
HADS brief score can prevent unnecessary spinal procedures 

A. Veihelmann1,2, F. Beck2, C. Birkenmaier1 

1Klinikum der Ludwig-Maximilians-Universität München, Orthopädie, München, Deutschland 
2Sportklinik Stuttgart, Dept. Wirbelsäule, Stuttgart, Deutschland 

Objective 

Many patients with CLBP have somatoform disorders as well as accompanying anxiety disorders or depression. 
In many spine clinics no screening regarding these accompanying disorders is yet performed.This study was 
performed to evaluate whether the Hospital Anxiety and Depression Scale (HADS) brief test, which takes only 4-5 
minutes to fill in and 30 seconds to assess, is able to detect within a minimum of time patients with the above 
concurrent diagnoses. 

Methods 

88 patients with CLBP and sciatica were enrolled in this study, 3 were lost to follow-up. All completed the HADS 
questionnaire prior to examination. Indications for minimally-invasive pain therapy interventions were made by 
an experienced spine surgeon based on history, examination and MRI-results, but blinded to the result of the 
HADS. Before treatment as well as 6 weeks, 3 and 6 months after the procedure, visual analogue scale (VAS) 
back pain, Oswestry Disability Index (ODI) were recorded. The minimally-invasive spine procedures performed 
were: 51 radiofrequency rhizotomies of lumbar facets, 22 epidural neuroplasties and 12 intradiscal 
decompressions. 

Results 

At 6 months, VAS in all patients improved by 2.2±0.96 while ODI decreased by 10±4.67 (± SEM). However, in the 
subgroup with a high-risk of somatoform disorder (HADS > 18 ; n=30) VAS and ODI improvements were only 0.9 
±0.68 and 7±4.3, respectively, whereas in the low-risk subgroup (HADS < 12; n=34) VAS and ODI were 
significantly reduced: 2.5 ±0.7 and 13.5±3.3, respectively. The intermediate group with HADS score >12 < 18 
(n=21) displayed a VAS improvement by 2.2±0.94 and a decrease in ODI by 10±2.9 (± SEM). Furthermore, there 
was a significant difference in the improvement measured by VAS (p < 0.003) as well as by ODI (p < 0.05) 
between the high- and low-risk HADS groups. 

Conclusion 

In a selected group of patients with CLBP and sciatica, the easy-to-administer HADS appears to reliably predict 
the outcome of minimally-invasive pain procedures, most probably due to the detection of somatoform 
comorbidities such as anxiety disorders or depression. It is well accepted, that invasive therapies in such patients 
frequently are unsuccessful. Most alarming is the probable fact that in our study 30 patients were invasively 
treated without effect. This has impact not only because of unnecessary and potentially harmful procedures 
being performed but also because of increasingly limited healthcare funds. 
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Langzeitergebnisse bei Verwendung eines dynamischen Stab- und Schraubensystems bei degenerativen 
Pathologien der Lendenwirbelsäule 
Long-term outcomes using dynamic rod and screw system in degenerative lumbar spine pathologies 

D. Grimm1, F. Corr1, R. Rothörl2 

1EDU Medical College, Kalkara, Malta 
2Isarklinikum, Neuro- & Wirbelsäulenchirurgie, München, Deutschland 

Objective 

Neural compression syndromes and instability are the foremost indications for spinal surgery. Spinal instability is 
usually treated by a rigid stabilization system. However, rigid fusion leads to an irreversible loss of motion in the 
affected spinal segment, restricting spinal movement and resulting in adjacent segment degeneration. 
Alternatively, dynamic stabilization can be performed. The aim of this study was to analyze the clinical long-term 
outcomes in terms of pain and disability performing percutaneous dynamic spinal stabilization. 

Methods 

We performed a single-center prospective cohort study in 57 patients who underwent percutaneous dynamic 
spinal stabilization between November 2015 and July 2016. Included were 32 women and 25 (mean 57 years, 
range 26-74 years) presenting with either lumbar degenerative spondylolisthesis (Meyerding Grade I), 
osteochondrosis, recurrent disc herniation, or lumbar spinal stenosis. VAS and ODI were assessed 
preoperatively, at a 1-year and 5-year follow-up. 

Results 

VAS scores were significantly higher preoperatively than after dynamic stabilization (mean preop. 6.25±1.42), at 
1-year follow-up (mean 1.84±1.32), and at 5-year follow-up (mean of 2.21±1.57) (p0.05), regarding the 1-year 
and 5-year follow-up for both VAS and ODI scores. Postoperatively, no wound infections occurred, and no 
revision surgery was required due to screw malposition. One patient required revision surgery due to epidural 
hemorrhage. 

Conclusion 

The results of the present study showed significant long-term improvements in both VAS and ODI scores. This 
study thus highlights the sustained positive effect in terms of improvement of pain symptoms and disability 
while preserving the residual mobility of a lumbar segment. Therefore, dynamic stabilization might offer a low-
risk and valuable alternative to rigid stabilization, especially with regard to long-term outcomes. 
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Wann kann die Drainage raus? – Eine prospektive Analyse des postoperativen Drainagevolumens nach lumbaler 
Fusion 
When to pull the drainage? – a prospective analysis of the postoperative drainage volume after lumbar fusion 

P. Egenolf1, M. Lenz1, K. Schnake2,3, A. Harland1, S. Oikonomidis1, P. Eysel1, M. J. Scheyerer1 

1Universitätsklinikum Köln, Klinik und Poliklinik für Orthopädie und Unfallchirurgie, Köln, Deutschland 
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Objective 

Wound drainage is used regularly after spinal surgery to avoid postoperative epidural hematoma. However, their 
use and the duration of the inserted drainage are controversial. The aim of our prospective observational study 
was to investigate the total drainage volume (TDV) after lumbar dorsal fusions on the lumbar spine and the 
course of the drainage filling in order to define an ideal time to pull the drainage. 

Methods 

We included all patients in the observation period who underwent monosegmental surgery via TLIF 
(transforaminal lumbar interbody fusion) or PLIF (posterior lumbar interbody fusion). Patients with an infectious 
or tumorous disease or with a symptomatic postoperative epidural hematoma were excluded. A total of 27 
patients (nTLIF = 20; nPLIF = 7) were included in the study. The drainage volume (DV) was measured three times 
a day and the volume when the drainage was pulled was documented (TDV). 

Results 

The total drainage volume (TDV) was significantly higher in PLIF patients than in TLIF patients (PLIF = 337.14 ml, 
TLIF = 215.5 ml, p = 0.047). The observation of the drainage volume showed a significant increase up to the 
evening of the first postoperative day (NS1) in both groups. This time point NS1 averaged 32.8 hours (± 1.7 
hours) after the end of the operation. The drainage volume at NS1 was 202.5 ml (± 106.6 ml) for TLIF and 330.0 
ml (± 162.9 ml) for PLIF, which corresponds to 94.7% of the individual total drainage volume (TDV) across groups 
(TLIF = 93.3%, PLIF = 98.2%). The mean TDV was 215 ml (± 120.2 ml) for TLIF and 337.1 ml (± 165.0 ml) for PLIF. 

Conclusion 

Our study shows that the drainage volume increases significantly by the evening of the first postoperative day 
(NS1), which was on average 32.8 hours after the operation. As conclusion, pulling the drain can be 
recommended from this point on in order to reduce the drainage duration to a necessary minimum. 
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Epineurale Nervennaht: ein Trainingsmodel am Nervus Ischiadicus 
Epineurial nerve coaptation: a biological nonliving training model using gradually thawed cryopreserved sciatic 
nerves 

M. Timmer1, M. Kauke2, R. Goldbrunner2 

1Universitätsklinikum Köln, Klinik für Neurochirurgie, Köln, Deutschland 
2Universitätsklinikum Köln, Klinik für Neurochirurgie, Köln, Deutschland 

Objective 

The authors present a novel biological nonliving epineurial nerve coaptation training model, which allows cost-
efficient practicing on organic mammal nerves and offers an objective performance control on the basis of 
successful suturing and respecting the 3R model. 

Methods 

Anatomic dissection of 40 rat cadavers was performed. Four residents without prior microneurosurgical 
experience were included. Each trainee performed 20 epineurial nerve coaptations. The number of successful 
sutures served as qualitative variable and operation time as a quantitative variable for efficiency control. 

Results 

The rate for successful sutures was 51.9% in the first half of trials and improved to 94.4% in the second half. 
Whereas, the trainees needed a mean time of 34 minutes for the first 10 coaptations, the last 10 coaptations 
were performed within 24.5 minutes. Because cadaveric nerves are used, an approval of the local ethics 
committee is not needed. Furthermore, anatomic knowledge about the topography related to the harvest of the 
sciatic nerve of rats is provided in this study. 

Conclusion 

The authors' presented model is an easily accessible, low-cost microneurosurgical simulation model, allowing a 
realistic and instructive performance of epineurial nerve coaptation. 
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Innervation des Deltoideus-Muskel durch den Nervus radialis: ein technischer Bericht über den Transfer vom 
Nervus radialis auf den Nervus axillaris bei einer neuralgischen Schulteramyotrophy 
Radial nerve innervation to deltoid muscle – technical note on the example of an illustrative case on radial to 
axillary transfer in neuralgic amyotrophy of the shoulder 

A. Lenkeit1, O. Gembruch1, T. F. Dinger1, R. Jabbarli1, K. H. Wrede1, U. Sure1, A. K. Uerschels1 

1Universitätsklinikum Essen, Klinik für Neurochirurgie und Wirbelsäulenchirurgie, Essen, Deutschland 

Objective 

Neuralgic shoulder amyotrophy (Personage Turner Syndrome, PTS) is a rare and acute neuropathy of the 
brachial plexus. Up to 89% are completely relieved of all symptoms after 3 years, while the rest retain residual 
paresis. While nerve transfers have been performed since the 1980s to re-innervate paretic muscles in cases of 
traumatic injury to the nerve roots and brachial plexus, this surgical treatment option has not yet become 
available in cases of persistent paralysis in Personage Turner Syndrome and surgical treatment options are 
poorly characterized in the medical literature. Loss of active shoulder abduction after neuralgic shoulder 
amyotrophy in cases of isolated axillary nerve affection is associated with a severe functional deficit. This is a 
technical note of the surgical procedure of axillary nerve neurotization by a triceps motor branch. Nerve split 
transfer of the long head of triceps (radial nerve) to the axillary nerve is the technique of choice for re-
innervation of the deltoid muscle not only in traumatic lesions but also in cases of persistent paralysis due to 
neuropathy of the upper brachial plexus. 

Methods 

Case report of a 16 years male patient with acute PTS and persistent axillary nerve palsy with deltoid muscle 
atrophy. Nerve split transfer of the long head of triceps (radial nerve) to the axillary nerve as technique of choice 
for re-innervation of the deltoid muscle. Pre- and postoperative motor function, movement extent and 
subjective perception was evaluated 6 and 12 months postoperatively. 

Results 

6 months after the operation there was already an objective and subjective improvement. After 12 months, the 
patient"s motor exam improved from a Medical Research Council scale 1 to 4+ for deltoid function with greater 
than 90° of shoulder abduction. 

Conclusion 

Nerve split transfer is a promising method to restore arm-shoulder function not only in traumatic lesions but also 
in neuralgic shoulder amyotrophy with persistent deltoid atrophy. Patients must be carefully selected and 
spontaneous recovery should be waited.  
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Klinisches Outcome nach Operation traumatischer Läsionen des Nervus peroneus: eine monozentrische Analyse 
von 93 Fällen der letzten 10 Jahre 
Clinical outcome after surgical treatment of traumatic peroneal nerve injury – single centre experience in 93 
cases over the last 10 years 

D. N. Werkmann1, A. Knoll2, M. T. Pedro1, G. Antoniadis1, C. R. Wirtz1,2, A. Pala1 

1Universitätsklinik Ulm am Standort Günzburg, Klinik für Neurochirurgie, Günzburg, Deutschland 
2Universitätsklinikum Ulm, Klinik für Neurochirurgie, Ulm, Deutschland 

Objective 

Peroneal nerve injuries and their treatment are considered to be associated with bad clinical outcome. This 
study aims to analyze suspected risk factors which may influence the clinical outcome after surgical treatment of 
traumatic peroneal nerve lesions. 

Methods 

We conducted a retrospective analysis of patients with traumatic peroneal nerve injury treated by 
decompression, split repair or nerve grafting between 2010 and 2020. By using the motor function grading scale 
of the British Medical Research Council (MRC) pre- and postoperatively, the motor function of the peroneal 
nerve was evaluated and additionally, sensory deficits and pain within the innervation zone, as well as assumed 
risk factors favoring bad outcome were assessed. The follow up intervals were set at up to 6-month, 1-year and 
2-years after surgery. 

Results 

In total, 93 patients were included in the present study work, 42 (45,16%) received decompression, 15 (16,13%) 
were treated by split repair and 36 (38,71%) needed autologous nerve grafting. The median time between 
trauma and nerve repair at our department were 4 months. The median muscle strength before surgery were 
M0 at all muscles innervated by the peroneal nerve, focusing on the anterior tibial muscle (ATM). Up to 1 year 
after surgery weakness of the ATM improved to the median of M3. After nerve decompression an improvement 
of 2 grades was found in 24 cases (57,14%) and 3 grades in 17 cases (40,48%), after split repair improvement of 
1 grade was noted in 5 cases (33,33%) and 2 grades in 3 cases (20%), after nerve grafting we found improvement 
of 1 grade in 13 cases (36,11%) and 2 grades in 5 cases (13,89%). Patients with sensory disturbances improved in 
47,27% 1 year after surgery. Pain relief was achieved in 7 cases (41,18%). We found no significant association 
between age, BMI, diabetes mellitus, and arterial hypertension and the postoperative outcome. The defect > 
6cm was significantly more often associated with worse ATM improvement (p=0.04, OR 5.6). 

Conclusion 

According to the present data, a high number of patients achieved functional improvement after surgical 
treatment of traumatic peroneal nerve lesion. Even after peroneal reconstruction surgery more than 36% 
improved after 12 months, so that this procedure should be considered as an important treatment step in 
selected cases. Further studies are needed to identify potential risk factors in more details. 
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Management und Outcome von NF2- und Schwannomatose-assoziierten nicht-intrakraniellen Schwannomen: 
Einfluss der Chirurgie, Genetik und Lokalisation 
Management and outcome of NF2- and Schwannomatosis-associated non-Intracranial Schwannomas – influence 
of surgery, genetics, and localisation 

I. Gugel1,2, F. Grimm1, A. Grimm3, V. F. Mautner4,2, M. Tatagiba1,2, J. Zipfel4,2,5, M. U. Schuhmann3,2,5 
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Objective 

To evaluate the neurological outcome after resection of peripheral non-intracranial schwannomas in 
Neurofibromatosis Type 2 (NF2) compared to Schwannomatosis (SWNT) patients. 

Methods 

We retrospectively reviewed the clinical and functional outcome (motor, sensory, pain) of 205 operated PNS 
(133 NF2 and 72 SWNT related tumors) in 85 patients (53 NF2 and 32 SWNT patients). Possible influencing 
factors (e. g. genetics) were also evaluated.  

Results 

Patients with NF2 were significantly younger (p < 0.001, median 25±11 years in NF2 and 45±1 years in SWNT) at 
the time of surgery. In both entities, total resection could be achieved for the majority of cases (NF2: n=109, 
≙82%; SWNT: n=67, ≙93%), and persisting drug-resistant pain was the most common symptom (84%, n=173) as 
well as an indication for surgery (54%, n=110). Improvement of pain intensity was seen in 81% of all tumors. In 
41 (18 NF2 and 23 SWNT) patients with available genetics, mosaic NF2 cases showed worse pain intensity scores 
(p=0.017) and SWNT cases with causative mutations poorer pre-and postoperative motor/sensory function and 
pain intensity outcome (p<0.05). In the direct comparison, NF2-associated PNS had more sensory impairment 
(p=0.027) whereas SWNT cases suffered from higher pain intensity (p=0.024) before surgery. 

Conclusion 

With careful patient selection and in experienced Center, surgery of PNS is an effective and low-risk treatment in 
both NF2 and SWNT associated cases. Patients with severe pain have a particular profit. Mutations seem to play 
an important role particularly for SWNT related tumors regarding the functional outcome and this possible 
influence needs to be further investigated in larger cohorts. 
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Multiple Kraniotomien in einzeitiger Operation – individualisierte Metastasenchirurgie 
Multiple craniotomies in a single surgery – the resection of scattered brain metastases  

M. Bschorer1, F. L. Ricklefs1, M. Westphal1, L. Dührsen1 

1Universitätsklinikum Hamburg-Eppendorf, Klinik und Poliklinik für Neurochirurgie, Hamburg, Deutschland 

Objective 

Patients with cerebral metastases, who can benefit from resection of multiple scattered lesions often do not 
undergo a daring procedure involving multiple craniotomies in one sitting due to the overall poor prognosis of 
their systemic disease. However, selected patients could benefit from either total resection of all intracranial 
lesions to relieve neurological symptoms or a greater effectiveness of postoperative radiosurgery.  

Methods 

In this retrospective analysis, the records of patients, who were treated for multiple metastatic brain lesions 
using one surgery involving multiple craniotomies, over a span of 60 months (2016 to 2021) were reviewed. 
Clinical and surgical data such as the preoperative and postoperative Karnofsky Performance Scale (KPS), 
complication rate, tumor size, number of lesions, number of craniotomies, skin incisions and intraoperative 
repositioning of patients were recorded.     

Results 

Thirty-three patients were included in this study (male=12, female=21). The average age was 58.8 ± 12.3 years. 
Lung cancer was the most common diagnosis (n=12, 36%), while the other patients had breast (n=6, 18%), skin 
(n=4, 12%), colorectal (n=4, 12%) or other tumor entities (n=7, 22%). 30 patients underwent two craniotomies, 
while three surgeries involved three craniotomies. Seven patients (21%) were intraoperatively repositioned from 
a prone to a supine position, which required an average of 23.3 ± 9.3 minutes from wound closure to the 
following skin incision. The postoperative KPS remained unchanged for 52% of patients (n=17), while improving 
in 27% (n=9) and declining in 21% (n=7) of cases. Surgical complications included postoperative hemorrhage 
evacuation (n=2, 6%), surgical site infection (n=2, 6%), one thromboembolic event (n=1, 3%) but no 
postoperative seizure or in-hospital mortality. The average duration of surgery was 260 ± 96 minutes. 

Conclusion 

In the age of personalized medicine, selected patients may benefit from a single surgery to remove brain 
metastases using multiple craniotomies. A structured approach, whether this surgical timing is superior to an 
approach involving multiple surgeries to achieve the same surgical outcome, is warranted.  

 
 



 

187 

 

Metastasen/Metastases 

P037 

 
Die Clinical Frailty Scale ist dem Karnofsky Performance Status als Prädiktor des Gesamtüberlebens bei Patienten 
mit operativer Behandlung von Hirnmetastasen überlegen 
The clinical frailty scale is superior to the Karnofsky performance status as predictor of overall survival in patients 
with surgical treatment of brain metastases 

N. Pichler1, A. Krigers1, J. Kerschbaumer1, M. Demetz2, J. Klingenschmid2, C. Thomé1, C. F. Freyschlag1 
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Objective 

The Clinical Frailty Scale (CFS) evaluates patients" level of of frailty on a scale from 1 (very fit) to 9 (terminally ill) 
and is commonly used in geriatric medicine, intensive care and orthopaedics but not in patients harboring 
neuro-oncological diseases. Our study was conducted to reveal if use of CFS generates more reliable prediction 
of overall survival in patients after brain metastases resection rather than Karnofsky Performance Status (KPS). 

Methods 

All patients which were operated for brain metastatic disease at our department from 2005-2019 were included. 
CFS and KPS were retrospectively assessed for the timepoints pre- and postoperatively as well during follow-up 
3-6 months after resection. 

Results 

205 patients with mean follow-up of 22.8 months (CI95% 18.4-27.1) were evaluated. Mean estimated OS was 
32.1 months (CI95% 25.0-39.1). CFS showed a median of 3 points (IqR 2-4) at all 3 assessment-points which 
means patients were "managing well". Median KPS was 80 preoperative (IqR 80-90) and 90 (IqR 80-100) 
postoperative as well as on follow-up after 3-6 months. CFS strongly correlated with KPS: preoperatively (r=-
0.92; p< 0.001), postoperatively (r=-0.85; p<0.001) and at follow-up (r= -0.93; p<0.001). In the same time, CFS 
pre- and postoperatively showed only weak correlation with CFS at follow-up after 3-6 months (r=0.30, p<0.001; 
and r=0.37, p 

In multivariate integrated Cox regression model, the CFS predicted the expected reduction of OS superior to KPS 
at all 3 assessment-points. One point increase of preoperative CFS represented 30% additional hazard to 
decease (HR=1.30, CI95% 1.15-1.46; p<0.001), correspondingly postoperative CFS provides 39% (HR=1.39, CI95% 
1.25-1.54; p<0.001) and at follow-up 42% of hazard (HR= 1.42, CI95% 1.27-1.59; p<0.001). In case of KPS, 
decrease of 10 points resulted in additional hazards to decease of 26% (HR=0.974/point, CI95% 0.962-0.987; 
p<0.001) postoperatively 14% (HR=0.986/point, CI95% 0.978-0.993; p<0.001) and 31% (HR=0.969/point, CI95% 
0.959-0.978; p<0.001) at follow-up. 

Conclusion 

CFS is a feasible and reliable performance scoring in patients undergoing brain metastasis resection, that 
provides better OS prediction as compared to KPS. Whereas, CFS at follow-up after 3-6 months specifies the 
expected OS most accurately. Due to weak correlation between CFS preoperatively vs. postoperatively and in 3-6 
months, initial frailty does not predict the patients" postoperative frailty score.  
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Gebrechlichkeit sowie das Volumen des Muskulus temporalis sind Prädiktoren für das Ansprechen auf die 
Immuntherapie und das Gesamtüberleben bei Patienten mit Hirnmetastasen bei NSCLC 
Frailty and temporal muscle mass as predictors of immunotherapy response and overall survival in patients with 
brain metastases of non-small cell lung cancer 

H. Krenzlin1, F. Ringel1, N. Keric1 

1Universitätsmedizin der Johannes Gutenberg-Universität Mainz, Neurochirurgische Klinik und Poliklinik, Mainz, Deutschland 

Objective 

Brain metastases occur in up to 40% of patients with advanced non-small-cell lung cancer (NSCLC) and are ause 
of death in half of the cases. Therapy with checkpoint inhibitors (CPI) has activity in brain metastases with PD-L1 
expression of at least 1%. As lung cancer is diagnosed mainly in old age, frailty is common. We aim to evaluate 
the prognostic relevance of frailty and temporal muscle volume (TMV) on CPI after surgery for brain metastasis 
patients with NSCLC. 

Methods 

Data acquisition was conducted as a single-center retrospective analysis. From January 1st, 2016, to December 
31st, 2020 patients presenting to our department with brain metastasis from NSCLC were included in our study. 
Before surgery, demographic data, tumor size, and the Groningen Frailty Index (GFI) were compiled. In addition, 
temporal muscle volumetry as a surrogate for sarcopenia was performed using T1 weighted MRI images using 
iPlan cranial (Brainlab AG, Munich). All patients received CPI at least during first-line treatment. 

Results 

50 consecutive patients were included in our study. The mean patient age was 76.86+-4.11 years. 28 (56%) 
patients were female, 22 (44%) male. 12.2% had more than one lesion, while 10% were infratentorial. All 
patients underwent microsurgical resection of at least one lesion. The mean PD-L1 expression of the cerebral 
lesion was 39.47+-6.26%. Fifteen patients (30%) were defined as frail (GFI > 3), 35 (70%) as not frail. Mean 
temporal muscle volume was 16.9 +-10.02 cm3. By setting the median value of the TMV as a reference, 20 (40%) 
patients showed signs of sarcopenia. Mean PFS was 16.5+-13.95, mean OS 21.78+-16.21. Survival after the 
detection of brain metastasis was 14.34+-13.41. In our cohort, frailty and TMV were independent from 
chronological age (GFI: r2= 0.204; TMV: r2= 0.101). Frailer patients had a statistically significant smaller TMV 
(11.98+-5.7 cm3, p= 0.002) compared to those defined as not frail (23.99+-10.7 cm3, p= 0.002). The expression 
of PD-L1 in brain metastasis was independent from frailty (p= 0.43) and TMV (p= 0.51). However, frailty and 
reduced TMV were associated with a decreased response to CPI and shortened OS after the occurrence of brain 
metastasis (p= 0.0032). 

Conclusion 

Frailty and sarcopenia are associated with a shorter PFS and OS in patients with NSCLC and brain metastasis. The 
response to CPI was impaired independent from the PD-L1 expression profile. This might influence surgical 
decision-making in complex oncological situations. 
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Die Expression von MTH1 ist in Gehirnmetastasen des malignen Melanoms hochreguliert 
MTH1 expression is upregulated in brain metastases of malignant melanoma 

I. Peto-Madew1, R. Goldbrunner1, M. Timmer2 
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2Universitätsklinikum Köln, Klinik für Neurochirurgie, Köln, Deutschland 

Objective 

MuT Homolog1 (MTH1) is an enzyme involved in DNA repair in normal cells and is often up regulated in cancer 
cells. The enzyme catalyses the hydrolysis of oxidised dNTPs, to prevent their incorporation into DNA or RNA, 
resulting in mutations or cell damage/death. Cancer cells can have a high concentration of ROS, due to defective 
redox regulation. This results in the damage of DNA and oxidises free dNTPS, which in turn leads to mutations in 
DNA replication or cell death. Identifying MTH1 in brain metastases could present a target for treatment with 
MTH1-Inhibitors. 

Methods 

The quantification of MTH1 expression was shown using Western Blot analysis. 16 tumours were obtained 
during neurosurgery, 8 metastatic and 8 recurrent tumours of the same patient, and immediately frozen using 
liquid nitrogen. The proteins were extracted using RIPA lysis buffer. Western Blot was performed, and detection 
followed via peroxidase linked secondary antibodies. 

Results 

MTH1 expression was shown to be up-regulated in brain metastases (1,442+/-0,6374) versus normal brain tissue 
(0,4133+/-0,277). However, in the recurrent tumour of the brain metastases, MTH1 was not expressed in a 
significantly higher amount compared the control tissue and less than in the brain metastases (0,6941+/-
0,4146). 

Conclusion 

The high expression of MTH1 in cerebral metastases is not uncommon for many cancers and thus presents a 
therapeutic target for MTH1-inhibitors, provided these are able to cross the blood brain barrier. Comparison to 
the primary melanoma tumour would be useful in showing significant differences of the metastases. Lower 
levels of MTH1 in recurrent brain metastases may suggest dedifferentiation from the original metastases. It may 
present a target for specific treatment of brain metastases of melanoma. 
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Objective 

YAP1 (yes-associated protein 1) and its homolog TAZ (transcriptional activator with PDZ-binding motif) are 
transcriptional co-activators of the hippo pathway which plays an important role in the regulation of tissue 
growth during organ growth and regeneration as well as in epithelial-mesenchymal transition (EMT). Alterations 
of YAP1- and TAZ-expression levels have been found in solid tumors like lung cancer, breast cancer and 
melanoma, as well as in primary brain tumors. We wanted to analyze the YAP1- and TAZ-expression in brain 
metastases of these tumors. 

Methods 

Samples of metastasis of melanoma (n=13), mamma carcinoma (n=20) and bronchial carcinoma (n=32) were 
obtained during neurosurgical resection. Levels of YAP1- and TAZ-expression were measured by qPCR and 
Western Blot. Statistical analysis was performed using GraphPad Prism 9. 

Results 

In qPCR, TAZ is significantly higher expressed in melanoma than in mamma carcinoma (p<0.0001) and in 
bronchial carcinoma (p=0.0009, Kruskal-Wallis test), expression is higher in bronchial than in mamma carcinoma 
(p=0.0009). For YAP1, expression is significantly higher in melanoma than in bronchial carcinoma (p<0.0001) and 
mamma carcinoma (p=0.0014). In Western Blotting, expression of TAZ is twice as high in melanoma than in 
bronchial carcinoma (p=0.028). Expression is lowest in mamma carcinoma (vs. melanoma p<0.0001; vs. 
bronchial p=0.0032). YAP1-expression is statistically significant higher in bronchial carcinoma than in melanoma 
(p=0.0003; Kruskal-Wallis test) and higher in mamma carcinoma than in melanoma (p=0.0541, Kruskal-Wallis 
test). Expression of YAP1 was higher in bronchial carcinoma than in mamma carcinoma, but the difference was 
not statistically significant (p=0.8207, Kruskal-Wallis test). While comparing TAZ-Expression of paired tumor 
samples in qPCR, level of expression was not different in primary than in relapsed samples (p=0.615). For YAP1-
expression there was no statistical significance as well (p=0.8314). 

Conclusion 

Our research shows that melanoma has higher expression levels of YAP1/TAZ than mamma and lung carcinoma 
in qPCR and that the expression differs from primary to relapsed brain metastases. Targeting YAP1 or TAZ could 
be a promising approach to treat not only primary site carcinomas but also brain metastasis of relapsed tumor 
patients which have already been treated with various lines of therapy and have possibly developed resistances 
to them.  

 
 



 

191 

 

Metastasen/Metastases 

P041 

 
Immuncheckpoint-Inhibitoren bei Patienten mit Resektion von Hirnmetastasen bei Lungenkarzinom: eine 
Analyse mittels Propensity Score-Verfahren 
Checkpoint inhibition for resected lung cancer brain metastases (LCBM) – a propensity-score matched pairs 
analysis 

D. Wasilewski1, J. Radke2,3, R. Xu1,3, M. Raspe4, A. Trelinska-Finger5, T. Rosenstock1,3, P. Pöser1, E. Schumann2, J. 
Lindner6, F. Heppner2, D. Kaul7, N. Suttorp4, P. Vajkoczy1, N. Frost4, J. S. Onken1, A. Wetzel-Yalelis1 

1Charité – Universitätsmedizin Berlin, Klinik für Neurochirurgie, Berlin, Deutschland 
2Charité – Universitätsmedizin Berlin, Neuropathologie, Berlin, Deutschland 
3Berlin Institute of Health (BIH), Berlin, Deutschland 
4Charité – Universitätsmedizin Berlin, Infektiologie und Pneumologie, Berlin, Deutschland 
5Charité – Universitätsmedizin Berlin, Charité Comprehensive Cancer Center, Berlin, Deutschland 
6Charité – Universitätsmedizin Berlin, Pathologie, Berlin, Deutschland 
7Charité – Universitätsmedizin Berlin, Radioonkologie, Berlin, Deutschland 

Objective 

Patients with LCBM have regularly been excluded from prospective clinical trials including therapy with immune 
checkpoint inhibitors (ICIs). Real-world data demonstrating the benefit of ICIs, specifically in patients following 
neurosurgical brain metastasis resection, are still scarce. Few reports exist on the comparison of radiation 
therapy with immune checkpoint inhibition (RT + ICI) versus classic therapy involving radiation therapy and 
chemotherapy (RT + CT) after surgery. 

Methods 

We performed a retrospective, single-center 1:1 propensity-matched comparative effectiveness study to assess 
the effect of treatment with RT + CT vs. RT + ICI in patients with resected lung cancer brain metastases.  

Results 

From 440 patients two cohorts of interest included 161 patients (36,6%) with RT + CT and 75 patients (17%) with 
RT + ICIs following neurosurgical BM removal. After PSM (74 patients per group) patients receiving RT + CT after 
neurosurgery had significantly decreased OS (10,4 months; 95% CI; 8,63 – 13,9 months) as compared to patients 
with RT + ICIs (27,6 months; 95% CI; 20,53 – not estimable (NE) months; p=0.00041). Multivariable Cox 
regression of matched patients identified prognostic factors: primary tumor resection (hazard ratio [HR] 0.39, 
95% CI: 0.20-0.74, p=0.004), presence of extracranial metastases (HR 1,92, 95% CI: 1,16-3,17, p = 0.011) and RT 
+ ICI following brain metastasis resection (HR 0.34, 95% CI: 0.21-0.55, p<0.001). 

Conclusion 

Patients with LCBM undergoing neurosurgical resection benefit from RT and ICIs following neurosurgical 
resection and show an increase in OS as compared to patients receiving platinum-based chemotherapy and 
radiation. Prospective studies in LCBM patients subjected to brain metastasis resection are needed. RT and ICIs 
should be regularly evaluated in an interdisciplinary team as a treatment option for patients with resectable 
LCBM. 
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Fig. 2 
 

 



 

194 

 

Metastasen/Metastases 

P042 

 
Präoperative Radiochirurgie: ein neo-adjuvantes Behandlungskonzept für Hirnmetastasen 
Neo-adjuvant radiosurgery prior to resection – an upfront treatment concept for brain metastasis 

D. Rueß1, S. T. Jünger2, S. Hunsche1, R. Goldbrunner2, M. Kocher1, M. I. Ruge1 

1Universitätsklinikum Köln, Klinik für Stereotaxie und funktionelle Neurochirurgie, Köln, Deutschland 
2Universitätsklinikum Köln, Klinik für Allgemeine Neurochirurgie, Köln, Deutschland 

Objective 

After resection of brain metastases (BM), adjuvant radiation therapy is applied to the resection cavity to reduce 
local recurrence rates. In principle, this goal could also be achieved by combining resection with stereotactic 
radiosurgery (SRS), a well-established tool for the treatment of BM. Therefore, we combined upfront (neo-
adjuvant) SRS with resection of BM in order to (I) reduce overall treatment time and (II) to utilizise the advantage 
of clear target volume definition for SRS of the BM prior to resection. We investigated feasibility, complications, 
local control and overall survival in a pilot study. 

Methods 

In this single center study we included 10 patients with BM who underwent single session SRS prior to resection 
based on an individual treatment decision. Kaplan Meier was used to analyze local control, overall survival (OS), 
progression free survival (PFS). 

Results 

10 patients (f/m =6/4, median age 59, range 47-71 years) fulfilled the criteria. Mean tumor volume was 17.3 ± 
12.3 cm3 (range, 6.5-39.9 cm3), median marginal dose was 19.75 Gy (range, 18-20 Gy) and the prescription 
isodose was 65%.  The entire treatment (from SRS to discharge after surgery) could be completed within a 
median of 7.5 days (range 5-12). Mean follow-up was 7.5 months (range, 4-51 months). Local control was 90% at 
6 and in 74% at 12 months. PFS amounted to 35% after 6 and 12 months, OS was 90% after 6 and 45% after 12 
months. Complications were radiation necrosis in one case and wound infection in two patients. 

Conclusion 

Our preliminary results show that neoadjuvant SRS is feasible and effective with reliable results. Local control 
was fair even in the setting of large (> 14 cm3) BM. Additionally, patients benefited from a short overall 
treatment time allowing early adjuvant measures. 
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Objective 

Stereotactic radiosurgery (SRS) is a treatment option even for large brain metastasis (BM) when surgical options 
are limited. As SRS may lead to a temporary disruption of the blood-brain barrier, a higher risk of treatment 
failure and toxicity is generally assumed in cases with extended pretherapeutic perifocal edema. Therefore, a 
volumetric analysis of the pre-SRS edema in patients with large BM was performed and included in predictive 
models assessing the risk for increased post-SRS edema and local tumor control. 

Methods 

In this single centre retrospective series (2013-2021) we included all patients with previously untreated singular 
large BM who underwent single session SRS using Cyberknife®. Tumor volumes were calculated pre- and three 
month post SRS on contrast-enhanced T1 MRI and edema volumes on FLAIR MRI sequences given a minimum of 
5 mm slice thickness. Patient data were analyzed with Kaplan-Meier estimates for local control (LC), overall 
survival (OS) and progression free survival (PFS). An univariate Cox proportional hazard model was used to assess 
the influence of preSRS edema on post SRS edema, radiation necrosis (RN) and LC. 

Results 

A total of 18 patients (f/m =8/10, median age 59, range 38-78 years) were identified. A median marginal dose of 
19.3 Gy (range, 18-20 Gy¸ 65% isodose level) was administered. Median follow-up was 13.5 months (range, 3-51 
months). The initial mean tumor volume was 10.3 ± 2.1 cm3 (range, 8.6 – 13.7 cm3) and showed significant 
reduction (p=0.04) to 3.3 ± 1.5 cm3 (range, 0.2 – 15.4 cm3) after three months. The mean volume of pre-SRS 
edema amounted to 38.8 ± 39 cm3 (range, 8.6 – 156 cm3) and was reduced to 26.5 ± 34.1 cm3 (range, 1.2 – 120 
cm3) post-SRS. Local control was achived in 93% of the metastases at 6 and in 76% at 12 months. The crude rate 
of radiation induced changes was 16% (n=3). An increase of postSRS edema volume > 5% was seen in 28% (n=5). 
PreSRS edema had no significant impact on postSRS edema (p=0,33), LC (p=0,27) or RN (p=0,98). 

Conclusion 

Our preliminary results show that single session SRS leads to early responses with significant reduction in tumor 
volume even in large BM. However, the extent of pre-SRS edema volume is not a predictive factor for toxicity. 
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Objective 

Breast cancer (BC) is the most frequently diagnosed primary tumor entity in women. The incidence of brain 
metastases (BM) varies, and different time intervals (TI) between initial BC diagnosis and BM were reported. The 
aim of our study was to identify the factors associated with TI of BC BM occurrence. 

Methods 

We included all female patients with BC who underwent BM surgery in our institution between 2008 and 2019. 
Various clinical, radiologic, and histopathologic markers were analyzed with respect to TI. Univariate and 
multivariate analyses were performed. 

Results 

A total of 95 patients (median age of 60.0 years) were included. The median TI was 41.0 months (range 0-334 
months). Age ≥65 years at BC diagnosis (aOR=4.45, 95% CI= 1.28 – 15.49, p=0.019), adjuvant trastuzumab 
therapy (aOR=7.75, 95% CI= 2.04 – 29.41, p=0.003), and neoadjuvant chemotherapy (aOR=3.91, 95% CI= 1.36 – 
11.26, p=0.011) for initial BC presented as independent predictors of BM occurring in the shorter TI (<4 years). 
We identified a significant association between the TI (<4 years) and positive HER2 receptor status in BM 
(aOR=3.12, 95% CI= 1.00 – 9.76, p=0.051), midline shift on MRI (aOR=6.30, 95% CI= 1.16 – 34.22, p=0.033), 
preoperative leukocytosis (aOR=3.71, 95% CI= 1.24 – 11.05, p=0.019), and identic receptor status in BC and BM 
(aOR=3.07, 95% CI= 1.04 – 9.08, p=0.043). A shorter TI (<5 years) showed an association with poorer 3-years 
outcome after BM surgery (aOR=1.72, 95% CI= 1.01 – 2.92, p=0.045). 

Conclusion 

Several factors seem to influence the period between BC and BM, and shorter TI is related to poorer 
postoperative survival. Our findings might be helpful in the planning of individualized follow-up management 
and prognostication of further clinical course of BC BM. 
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Objective 

Extracranial metastases of intracranial meningiomas are rare. Little is known about the mutational pattern of 
these tumors and their metastatic seeding. Here we retrospectively explored the molecular alterations of these 
metastatic lesions and their respective intracranial tumor manifestation. 

Methods 

Histology and genome sequencing was performed in intracranial meningiomas (WHO grade I-III) and their 
extracranial metastatic lesions operated upon between 2002 and 2021. Next-generation DNA/RNA sequencing 
(NGS) and methylome analysis were performed to determine molecular alterations. 

Results 

We identified four patients with available tissue samples of both intracranial meningioma and the respective 
distant metastatic lesions. Three intraspinal - including one intraosseus - and one pulmonary meningioma 
metastases as well as the primary intracranial meningioma manifestation were further characterized. 
Aberrations within the BAP1 gene in both intracranial and distant tumor manifestation were detected in three 
patients.  Two patients with meningioma WHO III had a BAP 1 mutation with an additional PIK3CA mutation in 
one patient and FANCC mutations in the other, in all cases the intracranial and the distant lesion displayed the 
identical molecular pattern. One patient with WHO I meningioma harbored copy-number variations in the BAP1-
gene and mutation in FLT4 gene in both intra- and extracranial manifestations, however an additional ERBB3 and 
FANCC mutation were detected solely in the extracranial lesion, suggesting a secondary acquisition of mutational 
aberrations in the metastasis. Another patient displayed an identical NF2 and PTEN mutation in both 
manifestations. No patient had a TERT-mutation. 

Conclusion 

Our results reveal an identical molecular signature in both primary and metastatic extracranial meningioma in 
3/4 patients and an additional mutational acquisition in the fourth patient. Bap-1 gene alterations were the most 
frequent one and might indicate patients at risk for metastatic spread. Further explorations within larger cohorts 
are necessary to validate these findings which might influence the clinical management in the future.  

 
 



 

198 

 

Metastasen/Metastases 

P047 

 
Etablierung von Zellkulturmodellen aus intracerebralen Metastasen zur personalisierten präklinischen Evaluation 
neuer Therapieansätze 
Establishment of cell culture models from intracerebral carcinoma metastases for personalised preclinical 
evaluation of novel therapeutic approaches 

S. Jeising1,2, J. Steinmann2, J. Felsberg3, D. Sohn4, K. Kaulich3, G. Reifenberger3, D. Hänggi2, M. Rapp2, M. Sabel2, A. 
C. Nickel2 

1Universitätsklinikum Düsseldorf, Medizinische Fakultät, Düsseldorf, Deutschland 
2Universitätsklinikum Düsseldorf, Klinik für Neurochirurgie, Düsseldorf, Deutschland 
3Universitätsklinikum Düsseldorf, Institut für Neuropathologie, Düsseldorf, Deutschland 
4Universitätsklinikum Düsseldorf, Klinik für Strahlentherapie und Radioonkologie, Düsseldorf, Deutschland 

Objective 

Brain metastases (BM) are frequent and most commonly arise from carcinomas of the lung and breast. 
Treatment options include neurosurgical resection and radiosurgery, in particular in patients with solitary or 
singular BMs, as well as radiotherapy and pharmacological treatments including an increasing number of 
targeted therapies. Nevertheless, survival of BM patients is still limited and novel, more effective treatment 
options are needed. We established primary cell culture models from BM patients to facilitate personalized 
preclinical drug screening and to evaluate different therapeutic strategies including radiotherapy and Tumor 
Treating Fields (TTFields). 

Methods 

To date, five cell culture models have been established, including three models derived from non-small cell lung 
cancer (NSCLC) BMs (BM1-3), and one model each from breast cancer (BM4) and esophageal cancer BMs (BM5). 
In vitro therapeutic approaches included irradiation with 30 Gy, TTFields treatment with 200 kHz for 72 h, and 
pharmacological treatments with standard chemotherapeutic drugs or molecularly targeted agents. Cell survival 
following treatments was assessed by MTT or CellTiterGlo assays. 

Results 

Next generation sequencing (NGS) of the NSCLC BM tissues and corresponding cell cultures identified identical 
mutations, including druggable KRAS or RET alterations. In vitro treatment of a KRAS-mutant model (BM1) with 
the RAF-inhibitor naporafenib led to higher cell death compared to chemotherapy with cisplatin, paclitaxel or 
pemetrexed. Similarly, treatment of a RET-altered model (BM2) with the RET-inhibitor selpercatinib cased higher 
cell death compared to standard chemotherapy. In BM1, but not in BM2, cell survival decreased at 48 h after 
irradiation. TTFields treatment for 72 h reduced cell survival by 30% in BM1, 24% in BM2, 21.5% in BM3 and 47% 
in BM4, but did not impair viability in BM5. 

Conclusion 

We successfully established cell culture models from BMs of different cancer types and validated the mutation 
profiles in NSCLC BM models by NGS. Molecularly targeted therapy of the BM1 and BM2 models showed 
stronger reductions in cell survival as compared to standard cytotoxic chemotherapy. In vitro response to 
irradiation varied, while TTFields treatment reduced viability in 4/5 BM models. Our data support a role of BM 
cell models for personalized assessment of therapy response and preclinical evaluation of novel therapeutic 
strategies. 
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Objective 

This study focuses on NKG2C+ natural killer (NK) cells, a small NK cell subpopulation in the blood of human 
cytomegalovirus (HCMV) seropositive GBM patients. Beside recognition of peptides derived from classical HLA 
alleles, these NKG2C+ NK cells are able to recognize a processed HLA-G signal peptide and processed peptides 
from HCMV-UL40 presented by HLA-E molecules on the surface of glioblastoma cells. Consequently, NKG2C+ NK 
cells have a higher intrinsic capability to kill specifically glioblastoma cells. In our study we investigated, whether 
ex vivo expanded NKG2C+ NK cells from HCMV seropositive GBM patients have an anti-tumor effect against 
autologous and allogenic HLA-E+ glioblastoma cells. 

Methods 

NK cells were isolated from the blood of HCMV-seropositive GBM patients. NKG2C+ NK cells were specifically 
expanded for two weeks via a novel feeder cell line modified with an HLA-E trimer presenting the HLA-G-derived 
VMAPRTLFL peptide. Simultaneously, primary GBM cell cultures were established and tumor tissue was analyzed 
for GBM-associated immune cell populations by histochemistry and flow cytometry. Subsequently, the 
cytotoxicity of the ex vivo expanded NKG2C+ NK cells was evaluated by cytotoxicity assays employing autologous 
and allogeneic primary glioblastoma cells. 

Results 

Co-culturing isolated primary NK cells with HLA-E+ feeder cells for 14 days resulted in a 128-fold expansion of 
NKG2C+ NK cells. Interestingly, the GBM tumor tissue of the patients displayed infiltration of NK cells (median 7.5 
%; range 0.3 % – 37.1 %), whereas hardly any T lymphocytes were found (median 1.5 %; range 0.7 % – 15.3 %). 
Initial experiments demonstrated cytotoxicity of expanded NKG2C+ NK cells towards autologous and allogeneic 
HLA-E+ glioblastoma cells, respectively. 

Conclusion 

Our results demonstrate a novel highly efficient ex vivo expansion method to gain NKG2C+ NK cells from blood of 
HCMV seropositive GBM patients. Thus, a first important step was taken to evaluate the suitability of NKG2C+ NK 
cells for future clinical application for the treatment of GBM. 
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Objective 

Glioblastoma multiforme is a highly malignant primary brain tumor with an average survival of 14 months and 
very limited therapeutic options. Glioma associated microglia and macrophages (GAMs) foster tumor growth by 
releasing several cytokines, which have only partly been identified. Here, we studied the chemokine (C-C motif) 
ligand 18 (CCL18), a chemokine which is only expressed in human, but not rodent GAMs, in a novel ex-vivo brain 
slice model including transplantation of human induced pluripotent stem cells (iPSC) derived human microglia 
(iMGL) and human glioma cells in to murine brain slices, which had been depleted of intrinsic murine microglia 
before. 

Methods 

After establishing the humanized ex-vivo brain slice model, we performed immunohistochemical analysis (IHC) of 
growth and invasiveness, qrtPCR on glioma cells isolated by magnetic-activated cell sorting (MACS), functional 
assays measuring invasiveness, proliferation, migration and colony formation of glioma cells in vitro and in slice 
experiments. Corresponding studies on tumor growth and invasiveness were performed after treatment with a 
CCL18 neutralizing antibody, a CCR8 neutralizing antibodies and knockdown of CCR8, ACP5 (Acid Phosphatase 5) 
and PITPNM3 with small interfering RNA (siRNA) and short hairpin RNA (shRNA). QrtPCR, IHC and Westernblot 
analysis were performed on primary glioma specimens. We also conducted bioinformatic analyses, based on the 
TCGA GBM, GLIOVIS and GEPIA databases. 

Results 

We observed, that CCL18 was highly expressed in GAMs, whereas CCR8 was only expressed in glioma cells. We 
identified the chemokine (C-C motif) receptor 8 (CCR8) as a functional receptor for CCL18 and ACP5 as an 
important down-stream signaling component in glioma cells. Activation of the CCL18/CCR8/ACP5 signaling 
pathway in human glioblastoma was associated with enhanced tumor growth and invasiveness. 

Conclusion 

GAMs derived CCL18 promoted glioma growth by activation of the CCR8/ACP5 axis in human glioma cells and 
therefore is a potential therapeutic target. 
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Objective 

Patients diagnosed with an IDH mutant glioma suffer more frequently from epilepsy than other brain tumor 
patients. This is especially concerning because recent discoveries showed that epileptic activity can promote 
tumor proliferation. Antiepileptic drugs might be able to interfere in these signaling pathways and lead to 
growth inhibition. In this study we tested 20 antiepileptic drugs (AEDs) in 6 well established IDH mutant glioma 
stem cell lines for an antineoplastic effect. 

Methods 

For the initial drug screen, we resuspended our spheroid cultures to a single cell suspension and treated the cells 
the day after with 20 AEDs for a duration of 72h. Cell vitality was measured using the "CellTiterGlo 3D" assay 
(Promega). After the identification of antiproliferative AEDs, the maximal half inhibitory concentration (IC50) was 
established with a dilution series of the candidate drug. Apoptosis assays were performed using the "Caspase 
3/7 Glo" assay (Promega). Spheroid growth and vitality were measured using the "live/dead" fluorescence 
staining (Invitrogen). 

Results 

The initial drug screen identified one effective antiepileptic drug, which showed an IC50 below 39µM in 4/6 cell 
lines (mean 31.5µM; 17,4 - 39.0 µM). The treated tumor spheroids showed a significant growth inhibition 
compared to the DMSO control spheroids (mean volume 7.3nl SD 5nl vs. 2.3nl SD 2nl; p=0.005). The Caspase 3/7 
assay was able to show that the rate of apoptosis of treated cells was elevated to up to 50%. 

Conclusion 

The drug screen of 20 antiepileptic drugs with 6 patient derived IDH mutated glioma stem cell lines was able to 
identify one antineoplastic antiepileptic drug. This could serve as a basis to integrate the antiepileptic drug into 
established chemotherapies to look for possible synergies. 
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T. Kölling1, T. Seidenstücker1, J. Meixensberger1, F. Gaunitz1 

1Universitätsklinikum Leipzig, Klinik und Poliklinik für Neurochirurgie, Leipzig, Deutschland 

Objective 

Given the important role of IDH1/2 mutants for the diagnosis of low-grade gliomas (LGG), higher grade 
secondary gliomas (IDHmG) and primary glioblastoma (GBM), we wondered whether other mitochondrial 
dehydrogenases are also differentially expressed in these tumor entities and are potentially contributing to 
different malignancy. 

Methods 

Using data from the TCGA and the GTex project, we analyzed expression of the 7 E1 subunits of the four 
mitochondrial 2-Oxo-Dehydrogenase complexes (2-ODHCs) in subtypes of LGG (Astrocytoma (AS; n=98), 
Oligoastrocytoma (OA; n=76) and Oligodendroglioma (OD; n=116)). In addition, we performed RT-qPCR, 
analyzing mRNA expression of the E1 subunits using 12 patients" derived LGG-AS (1x Grade I; 4x Grade II and 7x 
Grade III), 16 primary GBM and 2 IDHmG cell cultures comparing expression by using Welsh"s t-test. 

Results 

In silico analysis of the E1 subunits revealed significant downregulation of OGDHL and significant upregulation of 
DHTKD1 and BCKDHA in all LGG and of BCKDHB in OD compared to normal brain tissue (n=207). With regard to 
overall survival the most noticeable correlations were observed in Kaplan-Meyer Blots of AS (OGDH: Log rank 
(LR)=0.0073; hazard ratio (HR)=2.7; DHTKD1: LR=0.02; HR=0.43; BCKDHA: LR=0.007; HR=0.37; BCKDHB: 
LR=0.0048; HR=2.9). In OA all LRs were higher than 0.05 and in OD three genes exhibited significant LRs (OGDHL: 
LR=0.024; HR=0.34; DHTKD1: LR=0.026; HR=0.37; BCKDHB: LR=0.04; HR=0.43). Analysing the expression of E1 
subunits in cell cultures revealed a ~2-fold higher expression of DHTKD1 in LGG-AS (p<2x10-4) and IDHmG (not 
significant) compared to primary GBM and a higher expression of OGDH in LGG-AS (~4-fold; p<2x10-7) and IDHmG 
(~5-fold; p<3.5x10-3) compared to primary GBM. In addition, BCKDHB was ~2-fold higher expressed in LGG-AS 
(p<10-6) and IDHmG (not significant) compared to GBM. 

Conclusion 

Aside from the well described IDH1/2 mutations other mitochondrial dehydrogenase complexes contribute to 
malignancy of gliomas in an as yet unknown way. As the expression of some components correlates with overall 
survival it seems to be a worthwhile goal to further explore their role in tumour metabolism. Given the complex 
structures of the 2-ODHCs and their interplay in mitochondrial metabolism, an in-depth study of their function in 
individual brain tumours in general and in LGG in particular may also contribute to the development of new 
strategies for stratified therapies. 
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Die Expression von LRIG2 ist höher in sekundären GBM als in primären Glioblastomen 
Expression of potential tumour promoter LRIG2 is higher in secondary glioblastoma than in primary 
glioblastomas 

M. Happe1, R. Goldbrunner1, M. Timmer2 
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Objective 

The LRIG gene family consists of LRIG1-3 which encode integral membrane proteins. While LRIG1 and LRIG3 are 
believed to be tumor suppressors, LRIG2 seems to function as a tumor promoter. It has been reported that 
LRIG2 expression is upregulated in gliomas and increases with higher tumor grade. In this study, we aim to 
analyze and compare the expression of LRIG2 in different types of gliomas. 

Methods 

Tumor tissue from seven subgroups (grade II, grade III, recurrent secondary glioblastoma with and without 
temozolomide treatment, primary glioblastoma without temozolomide treatment and recurrent primary 
glioblastoma with temozolomide treatment; n=5 per group) was obtained during neurosurgery. Quantitative 
western blot analysis was performed, detecting LRIG2 with a primary antibody and a peroxidase-conjugated 
secondary antibody. Data was statistically analyzed using ANOVA, Kruskal-Wallis and Mann-Whitney-U tests. 
Immunofluorescence was performed on cryo slices of the same subgroups (n=3 per group) with a primary LRIG2 
antibody and a Cy3-conjugated secondary antibody. 

Results 

In secondary glioblastomas, LRIG2 protein levels were significantly higher than in primary glioblastomas (pGBM 
0.225 ± 0.2333 vs. sGBM 0.846 ± 0.2934; p=0.0039). LRIG2 showed a trend towards increased expression with 
heightened malignancy. Grade III gliomas tended to have a higher expression of LRIG2 than grade II gliomas 
(grade II 0.533 ± 0.339 vs. grade III 0.752 ± 0.294). Secondary glioblastomas had a tendency towards higher 
LRIG2 protein levels than grade III gliomas (grade III 0.752 ± 0.294 vs. sGBM 0.846 ± 0.295). High grade gliomas 
showed a trend towards expressing more LRIG2 than low grade gliomas (LGG 0.533 ± 0.229 vs. HGG 0.638 ± 
0.387). A tendency towards a lower expression of LRIG2 in glioblastoma treated with chemotherapy compared 
to glioblastomas without chemotherapy treatment was seen (GBM - CTx 0.762 ± 0.409 vs. GBM + CTx 0.310 ± 
0.367). Results could be confirmed with immunofluorescence. 

Conclusion 

We report that LRIG2 expression in secondary glioblastomas is significantly higher than in primary glioblastomas. 
This reinforces suggestions that LRIG2 might play an important role in the pathogenesis of glioblastomas and 
that it could be a potential marker for diagnosis or clinical decision making. 
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ENO1 ist hochreguliert in rezidivierten LGG 
ENO1 is upregulated in relapsed low-grade glioma 
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Objective 

The Warburg effect describes the ability of cancer cells to reorganize their metabolic pathway, so that the 
glycolysis can take place in normoxic and hypoxic condition. Thus, the increased energy demand of cancer cells 
can be covered. ENO1 (α-Enolase), a glycolytic enzyme, contributes to the Warburg effect. Upregulation of ENO1 
have been detected in several tumors as endometrial carcinoma, melanoma and pancreatic cancer. Our aim was 
to evaluate whether ENO1 might function as a prognostic marker for low-grade glioma. 

Methods 

The glioma samples used were extracted via surgery. The samples were divided according to the WHO 
classification 2007. ENO1 expression was measured through qPCR and SDHA served as housekeeping gene. 
IDH1-mutations in glioma samples were detected by sequencing amplified cDNA. For the survival analysis we 
divided the samples into two groups dependent on ENO1 expression (>median and <median) and analyzed the 
data by using a Log-rank test and visualized it by generating Kaplan-Meier-curves. 

Results 

Relapsed GII glioma have upregulated ENO1 expression compared to primary GII glioma (p=0.0023). Comparing 
the relapsed GII with the previously occurred one the ENO1 expression increased (p=0.0472). The progression 
free survival (PFS) of primary and relapsed GII glioma did not differ significantly dependent ENO1 expression 
(33.00 months vs. 38.00 months; p=0.9045). However, in primary GII glioma with high ENO1 expression the PFS 
is significantly elongated in contrast to low ENO1 expression glioma (54.02 months vs. 28.93 months; p=0.0052). 

Conclusion 

ENO1 might be an interesting marker for glioma especially for relapsed GII glioma and for patient"s PFS. 
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Die gleichzeitige Anwendung von Tumor Treating Fields (TTFields), Temozolomid und Lomustin bei 
Glioblastomzellen in vitro lässt auf Wirksamkeitsvorteile schließen 
Concomitant application of Tumour Treating Fields (TTFields), temozolomide and lomustine in glioblastoma 
cancer cells in vitro suggests efficacy benefit 

H. Fishman1, R. Monin1, E. Dor-On1, A. Haber1, S. Ehrle2, M. Giladi1, U. Weinberg1, Y. Palti1 

1NovoCure Ltd., Haifa, Israel 
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Objective 

Treatment for newly diagnosed glioblastoma (ndGBM) includes temozolomide (TMZ) chemotherapy; however, 
more than half of patients do not show response. Tumor Treating Fields (TTFields) therapy concomitant with 
maintenance TMZ represents an important advance in treatment of patients with ndGBM and is recommended 
in various treatment guidelines. Recently, lomustine (CCNU) together with TMZ demonstrated improved overall 
and progression-free survival following resection and radiochemotherapy in patients with ndGBM and 
methylated O(6)-methylguanine-DNA methyltransferase (MGMT) promoter. This study investigated the efficacy 
of concomitant application of TTFields with TMZ and CCNU in GBM cells in vitro. 

Methods 

Using the inovitro system, GBM cells (U-87 MG and LN229) were treated for 72 h with TTFields at a frequency of 
200 kHz and an intensity of 1 V/cm RMS. To examine the efficacy of combining TTFields with TMZ and/or CCNU 
we measured cell survival, clonogenic potential, overall effect (product of cytotoxicity multiplied with 
clonogenicity), and apoptosis induction. 

Results 

Combination of TMZ and TTFields resulted in enhanced cytotoxicity in comparison to each single treatment. The 
cytotoxic effect we observed when co-applying CCNU with TTFields suggested a synergistic interaction between 
the two treatment modalities. The clonogenic, overall, and apoptotic effects of TMZ and CCNU were increased 
as well following co-treatment with TTFields. The triple combination of TTFields with both TMZ and CCNU 
showed better efficacy than TMZ/CCNU or TTFields alone. 

Conclusion 

The here presented study suggests potential better efficacy in treating GBM by concomitantly applying TTFields 
with TMZ/CCNU. 
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Effekt von Riluzol auf durch Dexamethason induzierte Stammzellmarker in U87MG Zellen 
Riluzole effect on dexamethasone induced expression of stemness related marker in U87MG cells  
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Objective 

The transformation of glioblastoma cells into tumor stem cells could be stimulated by treatment with 
glucocorticoids, promoting further proliferation. Due to the poor prognosis and short survival rates of 
glioblastoma, the search for alternative treatment methods becomes inevitable. In this project, we examined the 
possibility of treatment with riluzole to reverse the dexamethasone effect on the progression of various stem 
cell markers. 

Methods 

The U87MG glioblastoma cells were treated with riluzole (25µM) for 72 h and after that dexamethasone (1 µM) 
was added as one-time treatment and the cells were incubated for further 72 h. The expression of the following 
genes, in relation to the housekeeper ß-Actin, was examined by quantitative PCR: CD44, MMP2, N-Cadherin, 
Notch1, CD90, TFPi2. 

Results 

The pretreatment of U87MG cells with riluzole suppressed the expression of stem cell markers and markers 
associated with aggressive and invasive behavior. The expression of CD90 was significantly reduced in 
comparison to the dexamethasone treated cells alone (***p<0.0005). Furthermore, significant increase in 
expression of the TFPi2 gene (*p <0.05) was detected. Riluzole"s pretreatment did not show an effect on the 
expression of other analyzed stem cell genes. 

Conclusion 

As expected, the expression of certain stem cell markers was significantly upregulated by dexamethasone 
treatment. Pretreatment with riluzole showed promising results, reducing the effects of dexamethasone on 
progression of certain stem cell marker.  Nonetheless, the effect of this treatment should be confirmed  by 
further studies examining  additional genes (proteins) as well as in functional assays, e.g. neurosphere formation, 
resistance to chemotherapy, migration etc. 
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Ein zielgerichteter Therapieansatz für das BRAF-mutierte Glioblastom mit einem humanen präklinischen 
Glioblastom-Modell 
A target therapy approach for BRAF mutant Glioblastoma with human preclinical glioblastoma model 
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Objective 

Glioblastoma (GBM) is the most common primary malignant tumor in central nervous system, with median post-
diagnosis survival of <15 months. The incredible heterogeneity exhibited by GBM highlights its incurable nature. 
Referring to specific mutations of the GBM, 40% of GBM"s harbor EGFR alterations, whereas BRAF alterations 
are rare (1-2%). The BRAF mutation is reported to regulate cell proliferation and apoptosis based on 
the BRAF/MEKpathway. Since, the mechanisms within BRAF mutated GBM remain unclear, here we present a 
novel personalized human GBM model of evaluate the efficacy of various BRAF target therapies. 

Methods 

Discarded non-neoplastic cortical tissue from a BRAF - GBM was sectioned and inoculated with patient self-
derived BRAF+ GBM cells, establishing an ex vivo human BRAF+ GBM model. Tumor growth was live tracked over 
the culture period (10days), with and without clinically approved BRAF and MEK inhibitors and vitality of the 
sections was quantified using imaging modalities. 

Results 

Tumor growth quantification revealed a significant reduction (p=0.001) of tumor volume upon combined 
treatment with a MEK inhibitor (Trametinib, 5nM) and a new generation BRAF inhibitor (Vemurafenib, 10nM) 
compared to a standard treatment of MEK inhibitor (Trametinib, 5nM) and an old generation BRAF inhibitor 
(Dabrafenib, 10nM).  Immunohistochemistry based quantification also revealed no toxic effect of the drug on 
the microenvironment validated using NeuN (for Neurons) and GFAP/IBA (for glial cells) antibodies. Further, 
there is a significant reduction (p=0.005) of pERK and pAKT expression on the sections with the combination 
therapies (Trametinib+ Vemurafenib) compared to monotherapies and standard combinations. 

Conclusion 

Our findings show that targeted therapy could be beneficial for patients with glioblastoma harboring BRAF 
mutation, and establishment of human based personalized model would be useful to investigate the influence of 
different chemotherapies on the immunosuppressive tumor microenvironment. 
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Einblicke in die Genregulation unter Temozolomid-vermittelter Zelldormanz und deren Zusammenhang mit 
Stammzellartigkeit 
Insights into gene regulation under temozolomide-promoted cellular dormancy and its connection to stemness 

C. Kubelt1, D. Hellmold1, H. Ahmeti1, M. Synowitz1, J. Held-Feindt1 
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Objective 

Glioblastoma (GBM) is the most common and malignant primary brain tumor in adults. The aggressive properties 
of GBM were shown to be linked to distinct phenomena such as stemness and dormancy – a reversible growth 
arrest of tumor cells permitting an escape of common therapies even promoted by the standard 
chemotherapeutic agent temozolomide (TMZ) used in GBM itself. In the framework of a previously performed 
microarray-based transcriptome analysis to investigate gene expression during TMZ-promoted cellular dormancy 
entry and exit, several genes could be identified, being differently involved in GBM progression, namely 
Chemokine (C-C Motif) Receptor-Like (CCRL)1, Schlafen (SLFN)13, Sloan-Kettering Institute (SKI), Cdk5 And Abl 
Enzyme Substrate (Cables)1 and Dachsous Cadherin-Related (DCHS)1. 

Methods 

The genes identified were validated with regard to their regulation under TMZ-induced tumor dormancy in two 
different human GBM cell lines and primary cultures using qPCR, and a correlation analysis was performed. The 
gene expression of the identified genes as well as stemness markers were furthermore examined in human GBM 
ex vivo tissue. Immunofluorescence double staining of GBM ex vivo samples was performed to investigate the 
cellular localization and connections to tumor stem-like cells. Lastly, stem-like cell lines and primary cultures 
were examined regarding a potential gene expression of the identified genes via qPCR. 

Results 

The gene regulation differed between the cell lines and primary cultures, similarities especially among the 
primary cultures were identified revealing a more homogeneous upregulation of the markers during entry and 
exit of dormancy. All genes were clearly detectable in human GBM ex vivo tissue. The markers were found to be 
co-expressed or expressed in close localization with stemness markers and with each other, supporting a 
correlation of gene expression found via qPCR. Finally, the identified genes were found to be expressed in stem-
like cells of GBM cell lines and primary cultures to individual extends. 

Conclusion 

Our study highlights the connection between tumor progression and dormancy, as well as dormancy and stem 
cell properties of GBM cells. Only by expanding our knowledge of the processes involved in GBM progression 
and resistance to therapy it will be possible to significantly prolong patient"s survival or even to cure this disease 
in the future. 
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Der Einfluss von Nasen-Voroperationen und Schmerzen auf sinu-nasales Outcome und Lebensqualität nach 
transsphenoidaler endoskopischer Resektion von Hypophysenadenomen 
The impact of previous nasal surgery and pain on sino-nasal outcome and quality of life after transsphenoidal 
endoscopic resection of pituitary adenomas 

W. X. Chmielewski1, S. Walbrodt1, I. Kreitschmann-Andermahr1, O. Gembruch1, M. Darkwah Oppong1, P. 
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Objective 

The transnasal binostril endoscopic resection of pituitary adenomas is regarded as a minimally invasive 
treatment nowadays. However, sino-nasal outcome and quality of life (QoL) might still be impaired after the 
resection of pituitary adenomas, depending on patients' prior medical history and health status. A systematic 
postoperative comparison is required to assess differences in perceived sino-nasal outcome and QoL. 

Methods 

In this single-center observational study, we collected data from 98 patients (46 female, mean age: 54.37), 
operated between August 2016 and August 2021, at a three months follow-up after pituitary adenoma 
resection. We utilized dependent t-tests to compare patients with or without previous nasal surgery or pain with 
the sino-nasal outcome test for neurosurgery (SNOT-NC), which queries post-surgical sino-nasal outcome in 
several subdomains, and the QoL inventory Short Form (SF)-36. 

Results 

At the three-month follow-up, patients with previous nasal surgery (n = 22) showed an aggravated sino-nasal 
outcome in each SNOT-NC domain (all p ≤ .034). Moreover, QoL was reduced in patients with previous nasal 
surgery, as reflected in the mental health component score (MCS) of the SF-36 (p = .001) and several SF-36 
subdomains (all p ≤ .036). Patients with pain before surgery (n = 19) showed increased visual impairment (p = 
.024; SNOT-NC) and ear/head discomfort (p = .044; SNOT-NC). Furthermore, a reduction of the physical health 
component score (PCS) of the SF-36 (p = .047), as well as further impairments in several SF36 subdomains (all p ≤ 
.035) were observed in these patients. 

Conclusion 

Our data show that patients with previous nasal surgery or pain before surgery have an increased risk of an 
aggravated sino-nasal outcome and QoL. To induce realistic patient expectations, these patients should be 
thoroughly informed about such potential consequences of transnasal neurosurgical procedures. 
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The use of augmented reality in transsphenoidal surgery – a systematic review 
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Objective 

Augmented reality (AR) has become a promising tool in neurosurgery. It can minimise the anatomical challenged 
faced by conventional endoscopic or microscopic transsphenoidal reoperations, and can assist in intraoperative 
guidance, preoperative planning, and surgical training. The aims of this systematic review are to describe, 
compare, and evaluate the use of AR in endoscopic and microscopic transsphenoidal surgery, incorporating the 
latest primary research.  

Methods 

A systematic review was performed to explore and evaluate existing primary evidence for using AR in 
transsphenoidal surgery. A comprehensive search of MEDLINE and Embase was conducted from database 
inception to 11th August 2021 for primary data on the use of AR in microscopic and endoscopic endonasal skull 
base surgery. Additional articles were identified through searches on PubMed, Google Scholar, JSTOR, SCOPUS, 
Web of Science, Engineering Village, IEEE transactions, and HDAS. A synthesis without meta-analysis (SWiM) 
analysis was employed quantitatively and qualitatively on the impact of AR on landmark identification, 
intraoperative navigation, accuracy, time, surgeon experience, and patient outcomes. 

Results 

In this systematic review, 17 studies were included in the final analysis. The main findings were that AR provides 
a convincing improvement to landmark identification, intraoperative navigation, and surgeon experience in 
transsphenoidal surgery, with a further positive effect on accuracy and time. It did not demonstrate a convincing 
positive effect on patient outcomes. No studies reported comparative mortalities, morbidities, or cost-benefit 
indications.  

Conclusion 

AR-guided transsphenoidal surgery, both endoscopic and microscopic, are associated with a convincing 
improvement in the areas of intraoperative guidance and surgeon experience as compared with their 
conventional counterparts. However, literature on this area, particularly comparative data and evidence, is very 
limited. More studies with similar methodologies and quantitative outcomes are required to perform 
appropriate meta-analyses and to draw significant conclusions.  
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Eine einfache OP Technik zum Sellaverschluss nach transsphenoidaler Resektion von Hypophysenadenomen im 
Kontext von Risikofaktoren für Liquorlecks und Meningitis 
A simple sellar closure technique after transsphenoidal resection of pituitary adenomas in the context of risk 
factors for cerebrospinal fluid (CSF) leaks and meningitis 
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Objective 

The transsphenoidal approach is the standard for most pituitary tumors. Despite low morbidity, postoperative 
cerebrospinal fluid (CSF) fistulas and meningitis are specific complications. Various surgical closure techniques 
for intraoperative CSF leak (iCSFl) and sellar reconstruction have been described. For many years, we have been 
using synthetic materials for iCSFl repair and sellar closure in a standardized fashion in our department. Here we 
analyze the surgical outcome of this management as well as risk factors (RF) for iCSFl and meningitis. 

Methods 

Retrospectively we screened all patients with transsphenoidal resection of a pituitary adenoma operated by the 
same surgeon between 01/13 and 12/19. Little intraoperative CSF flow without diaphragmatic defect was 
classified as "minor leak" and obvious CSF flow with/without diaphragmatic defect was classified as "major 
leak". In case of iCSFl, a fibrin/thrombin coated sponge was used to cover the diaphragmatic defect and another 
one for the sellar opening. A gelatin sponge was placed in the sphenoid sinus as an abutment. 
Primary/secondary outcome was the number of postoperative CSFl/meningitis. Clinical, histological and 
perioperative data from medical records were collected to identify RF for CSFl/meningitis. 

Results 

Of 417 transsphenoidal surgeries, 359 procedures for pituitary adenomas in 348 patients with a median age of 
54 years were included. There were 96 (26%) iCSFl leaks (37.5% major, 62.5% minor). In 3 of 359 cases (0.8%) a 
postoperative CSF fistula occurred requiring revision surgery in two patients and a lumbar drainage in one 
patient. Meningitis occurred in 3 of 359 cases (0.8%). All 3 patients recovered after antibiotic therapy without 
sequelae. According to univariate analysis, RF for iCSFl were macroadenoma (p=0.006) and recurrent adenoma 
(p=0.023). An iCSFl was less often in functioning adenomas (p=0.025). In multivariate analysis recurrent tumors 
remained as a RF (p=0.021) for iCSFl. 

Conclusion 

Especially patients with macroadenomas and recurrent adenomas are at risk for iCSFl. Our surgical technique 
leads to a very low rate of postoperative CSF leaks/meningitis without using autologous graft materials. Hence, 
this technique is safe and improves patient comfort by avoiding the disadvantages of autologous graft 
harvesting. 
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Postoperative Liquorfistel nach transsphenoidaler Resektion sellärer Pathologien: Nutzen der lumbalen Drainage 
Postoperative cerebrospinal rhinorrhoea after transsphenoidal resection of sellar pathologies – benefit of lumbar 
drainage 
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Objective 

Ever since the early nineties, endoscopic surgical techniques have become the gold standard in transnasal 
transsphenoidal approaches for pathologies of the sellar region. However, postoperative complications include 
cerebrospinal rhinorrhoea as one of the most frequent complications after transsphenoidal approaches. The 
incidence lays between 0,5 and 15% in the literature. In this study, the authors present their results and 
experience on cases with intraoperative cerebrospinal rhinorrhoea after a transsphenoidal approach and its 
treatment with lumbare drainage. 

Methods 

All endoscopic procedures performed via endonasal approach at the Department of Neurosurgery Homburg 
University hospital between March 2011 and April 2020 were analysed. The patients were retrospectively 
followed. A total of 293 Patients were analysed. The exclusion criteria were Patients younger than 18 years, 
traumatic CSF leak. 

Results 

Out of the analysed cohort, 87 patients (29%) had intraoperatively identified CSF leakage. The closure of the 
diaphragm and dura performed with autologous fat graft in 51 cases (62%) and in stand alone technique with 
Duragen and Tachosil in 36 patients (38%). The authors did not use a Hadard flap in these cases. Ten patients 
(3.4%) had a postoperative CSF leak and they were treated with lumbal CSF drainage for 7 days. From those 
patients with postoperative persistend CSF leakage, 6 needed a revision surgery with reclosure of the fistula. 

Conclusion 

Our study correlated with the literature. The postoperative CSF leak was found in 3,4% of all cases. The use of a 
lumbar drainage for a persistend CSF leakage with rhinoliquorrhoe after endoscopic endonasal surgery was only 
effective in the minority of the cases. Therefore, the authors suggest using a lumbar drainage only directly after 
surgery after surgical closure of a CSF leakage. In cases of persistent rhinoliquorrhoe after endonasal sellar 
surgery, the indication for revision surgery should be discussed with the patients directly. 
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Assessment of psychological distress in patients with sellar processes 
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Objective 

The association of pituitary tumors and psychological symptoms is longstanding. The management strategy 
might have a significant impact on psychological burden, even if no meaningful alternative for suggested 
treatment is present. The aim of this ongoing study was to evaluate and compare the level of distress and quality 
of life in patients after resection of pituitary tumors and non-surgical treatment. 

Methods 

We performed a prospective study and included patients after surgical treatment with good functional 
neurological outcome and patients under conservative treatment (i.e. prolactinomas under cabergoline 
treatment or patients not being treated). Recruitment took place in a tertiary neurosurgical center and two 
endocrinological medical offices. Sociodemographic, clinical, and health-related quality of life and clinical data 
were assessed. Psychosocial factors were measured by the Distress Thermometer (DT), Hospital Anxiety and 
Depression Scale (HADS), Short Form (SF-36) and Sino-nasal outcome test (SNOT). 

Results 

So far, 39 patients were included into the study (n=23 operative, n=16 conservative), mean age 51 years 
(SD=18), 62% female.  Most common tumors were null cell adenomas (38%), followed by prolactinomas (28%). 
Cushing disease made up 8% of tumors, entity was unknown in 13% of cases.   Mean HADS scores were similar 
to the normative values in German population. The percentages of elevated anxiety and depression were 21% 
and 16% respectively. Mean DT score was 4.8 (SD=2.7), and higher than the normative values, 41% of patients 
reported significant distress. The most common problems were fatigue, sleep disturbances and worries. There 
was no significant difference between the treatment groups. SNOT score was higher in postoperative group but 
did not reach statistical significance. 

Conclusion 

Preliminary results do not show differences in psychological distress between conservatively and operatively 
managed patients with sellar processes. However, further assessment is necessary to identify the patients in 
need of psychooncological support. 
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versus mikroskopische Zugänge 
Technical aspects, outcomes, and complications in surgery for pituitary adenomas – endoscopic versus 
microscopic approaches 
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Objective 

Multidisciplinary endoscopic approaches in pituitary surgery are increasing despite a lack of high-quality 
evidence favoring transsphenoidal endoscopic over transsphenoidal microscopic or transcranial microscopic 
techniques. The goal of our analysis was to compare these techniques in a retrospective single-center cohort. 

Methods 

Technical aspects, outcomes, and complications were compared in adult patients after transsphenoidal 
endoscopic (endo) vs. transsphenoidal microscopic (micro) vs. transcranial microscopic (trans) surgery for 
pituitary adenomas. The primary endpoint was gross-total resection; secondary endpoints included 
complications and standard quality measures. 

Results 

One hundred surgeries for pituitary adenomas in 84 patients between 2015 and 2020 were included in our 
analysis. 44 endoscopic transsphenoidal, 40 microscopic transsphenoidal, and 16 microscopic transcranial 
approaches. The risk for neurological (endo=2,3%; micro=2,5%; trans=57,2%; p<,001) and significant 
(endo=11,4%; micro=22,5%; trans=43,8%; p<,0023) complications and residual tumor volume (endo=1,4cm3; 
micro=1,7cm3trans=12,3cm3 p<001) was significantly increased for patients undergoing transcranial vs. 
transsphenoidal surgery. Mean hospital stay (endo=10,6±3,4; micro=13,4±5,4; trans=15,7±5,1; p<,012) and 
intensive care treatment (endo=0,1±0,3; micro=1,7±4,5; trans=3,2±4,5; p<,019) were shorter after endoscopic 
transsphenoidal surgery. Between transsphenoidal techniques, no significant differences regarding gross-total 
resection could be detected. Electrolyte disorders were less frequent after endoscopic (15,0%) than microscopic 
transsphenoidal (21,5%) procedures (n.s.). 

Conclusion 

A tendency toward decreased residual tumor and otherwise comparable outcome measures support the 
transition to the multidisciplinary endoscopic technique at our institution together with the ear-nose and throat 
(ENT) department. Inexperienced surgeons performing endoscopic approaches yielded similar results as 
experienced surgeons performing microscopic approaches. The growing experience could further reduce risks 
for complications and improve gross-total resection. 
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Einzelzelltranskriptomanalyse von gonadotrophen Hypophysenadenomen deutet auf Interaktion zwischen 
Fibroblasten und Tumorzellen mit Stammzelleigenschaften hin 
Single-cell transcriptome analysis of gonadotroph pituitary adenoma indicates interaction between fibroblasts 
and tumour cells with stem cell characteristics 
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Objective 

Patients with gonadotroph pituitary adenoma have a good overall survival, but high morbidity if the tumor is not 
completely resectable due to tumor regrowth and mass effects. Mechanisms of tumor progression are largely 
unknown and the impact of cellular interactions between the tumor microenvironment (TME) and tumor cells 
have not been studied. In this project we aim to unravel how infiltrating cells influence the tumor cell 
progression versus induction of cellular senescence. Insights into these mechanisms of cellular communication 
might result in innovative target-directed therapeutical approaches. 

Methods 

Single-cell RNA sequencing was performed for 17,254 individual cells from fresh tumor samples of gonadotroph 
subtype obtained from 7 patients with pituitary adenoma through transsphenoidal surgery. Subsequent analyses 
included differential gene expression profiling of distinct subpopulations of cells and their ligand-receptor (L-R) 
interactions. 

Results 

Unsupervised clustering analysis identified nearly 62% of cells as TME, including macrophage/microglia, NK-/T-
cells, fibroblasts/pericytes and endothelial cells. In addition to the known activation of the MAPK signaling 
pathway, putative tumor cells (PTC) show an high intratumoral heterogenity, e. g. with stem cells characteristics 
or epithelial cell differentiation for individual clusters. L-R interaction analysis indicates extensive crosstalk 
between fibroblasts/pericytes and a PTC cluster that exhibits stem cell properties, and these interactions are 
enriched in components of the Notch, Hippo and TGF-beta signaling pathways. 

Conclusion 

Our single-cell transcriptome analysis unravel cellular heterogeneity and cellular communications in 
gonadotroph pituitary adenoma. In addition we provide novel preliminary insights into the interaction of 
gonadotroph pituitary adenoma cells with their microenvironnement and how infiltrating cells might impact 
cellular differentiation within these tumors. 

 
 



 

219 

 

Tumorerkrankungen der Schädelbasis/Tumour diseases of the skull base 

P067 

 
Chirurgische Behandlung ausgewählter Tumore durch den neuronavigierten minimal-invasiven presigmoidalen 
suprabulbären infralabyrinthären Zugang ohne Verlagerung des Nervus facialis 
Surgical treatment of selected tumours via the navigated minimally invasive presigmoidal suprabulbar 
infralabyrinthine approach without rerouting of the facial nerve  

Z. Cinibulak1, S. Al-Afif2, M. Nakamura1, J. K. Krauss2 
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Objective 

The feasibility of the navigated presigmoidal suprabulbar infralabyrinthine approach without rerouting of the 
fallopian canal for selected jugular foramen tumors (JFTs) has been described in our previous study. Here, we 
present our clinical experience with this approach for selected JFTs, with a particular focus on its efficacy and 
safety. 

Methods 

Patients with JFTs treated via the navigated presigmoidal suprabulbar infralabyrinthine approach have been 
included to this study. The JFTs were classified according to a modified Fisch classification. The neurological and 
neuroradiological outcome, the extent of tumor resection, and the approach-related morbidity were examined. 

Results 

Five patients (two women, three men; mean age 57y, range 48-65) had been included to this study. According to 
a modified Fisch classification, two JFT were graded as C1, one as De1 and two as De2. Gross total resection 
(GTR) was achieved in three patients (benign fibrose lesion, cholesterolgranuloma, chondrosarcoma) and near-
total resection (NTR) in two (metastasis of a clear cell renal cell carcinoma, chordoma). Postsurgically, no new 
neurological deficits and no approach-related morbidity and mortality were noticed. During the follow-up period 
(mean 70,6 months, range 12-132 months) tumor-recurrence was noted in the NTR group and no tumor-
recurrence was noted in the GTR group. One case with postoperative cerebrospinal fluid leak was managed 
successfully with lumbar drainage. 

Conclusion 

The neuronavigated presigmoidal suprabulbar infralabyrinthine approach to the jugular foramen without 
rerouting of the fallopian canal is suitable for selected tumors of the jugular foramen. It allows safe and 
complete removal with minimal approach-related complications. 
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Morphometrische Analyse des neuronavigierten präsigmoidalen suprabulbaren infralabyrinthären Zugangs zum 
Foramen Jugulare: Quantitative Analyse des Zugangareals und der Manövrierbarkeit des Chirurgen  
Morphometric analysis of the presigmoidal suprabulbar infralabyrinthine approach with neuronavigational 
assistance to the jugular foramen region – quantitative analysis of exposed area and surgical freedom 
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Objective 

The navigated presigmoidal suprabulbar infralabyrinthine approach without rerouting of the fallopian canal is 
described as a suitable approach for tumors located at the intra -and supraforaminal region of the jugular 
foramen (JF). The aim of the anatomical study is to evaluate the surgical freedom and angle of attack with 
particular focus on defined target points. 

Methods 

The infralabyrinthine approach was performed on ten adult human cadaver heads (20 total sides). To calculate 
the values, the vector coordinates were registered image-guided. 

Results 

The exposed area was calculated at 51.1 ± SD 1.3 mm2, and the surgical freedom of exposed area at 18383.1 ± 
SD 567.8 mm2. The surgical freedom and angle of attack at the lateral and superolateral target points of the JF 
are significantly larger than at the medial and superomedial border. 

Conclusion 

The neuronavigated presigmoidal suprabulbar infralabyrinthine approach without rerouting of the facial nerve 
allows sufficient surgical freedom and angle of attack to intra -and supraforaminal jugular foramen tumors (JFTs). 
Compared with medially and superomedially located target points at the JF, the surgical freedom, the horizontal 
viewing angle and the vertical viewing angle of the surgeon are significantly larger at the lateral and 
superolateral target points. Especially, JFTs with lateral extension intra -and supraforaminal can be combined 
with the neuronavigated infralabyrinthine approach. 
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Sporadische Vestibularisschwannome mit zwei somatischen NF2 Mutationen – welche trat zuerst auf? 
Sporadic vestibular schwannomas with two somatic NF2 mutations in each – Which occurred first? 
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Objective 

 The NF2 gene is a typical tumor suppressor gene and is biallelically inactivated in vestibular schwannomas, both 
NF2-associated and sporadic. For tumors with two minor intragenic inactivating NF2 mutations, an interesting 
issue is which one occurred first.                        We addressed this question by comparing the proportion of the 
mutation-bearing alleles in each tumor. 

Methods 

DNA was extracted from a total of 17 sporadic vestibular schwannomas and one NF2-associated tumor. Libraries 
for the illumine sequencer were prepared using primer panels for amplicons which cover all 16 NF2 exons 
without any gap. The coverage for the amplicons was between 100 and 4000. 

Results 

In 16 tumor samples, 21 mutations were detected. In three tumors, two truncating NF2 mutations were found. 
Interestingly, in each tumor, the two different truncating NF2 mutations were in very close proportions. 

Tumors Mutation % alleles Total alleles 

1 

frameshift_variant 30 297 

stop_gained 29 1410 

2 

frameshift_variant 28 253 

stop_gained 26 179 

3 

missense_variant,splice_region_variant 37 449 

stop_gained 35 246 

Conclusion 

For this three sporadic vestibular schwannoma, the tumor development started after inactivation of 
both NF2 alleles. Since there is no substantial difference in the proportion of mutation-carrying alleles, these 
data do not deliver information for the time-sequential of the two mutation in each tumor. 
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Fig. 1 
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Expression von Immuncheckpoint Markern und der Zusammenhang mit inflamamtorischen Zellinfiltraten in 
Vestibularisschwannomen 
Expression of immune checkpoint markers and association with inflammatory cell infiltration in vestibular 
schwannomas 
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Objective 

The role of the immune microenvironment in vestibular schwannoma formation and progression receives 
increasing attention. First descriptions of the detection of immune checkpoint markers have been published, and 
respective targets for innovative therapeutic approaches may be promising. This led us to evaluate the 
expression of PD-L1, CTLA4, CD47 and SIRP-alpha vestibular schwannomas regarding its association with 
inflammatory cell infiltration and clinical aspects. 

Methods 

We evaluated the immunohitochemical expression of the immune checkpoint markers PD-L1, CTLA4, CD47 and 
SIRP-alpha in 20 whole section vestibular schwannoma tissue samples, divided into 10 samples each with high 
and low inflammatory cell infiltration (according to CD68, CD163, CD3 and CD8 expression). 
Immunohistochemical expression was quantitatively scored for each marker. 

Results 

There were no differences in the immunohistochemical expression of PD-L1 and CTLA4 between VS with high 
and low inflammatory infiltration, although both markers were expressed by most samples (mean 
immunopositivity 31% and 4%, respectively). Higher expression scores in tumors with high inflammatory cell 
infiltration was seen for SIRP-alpha (49% vs. 13% mean immunopositivity) and CD47 (7/10 vs. 4/10 
immunopositive cases). 

Conclusion 

SIRP-alpha and CD47 expression may be associated with the inflammatory microenvironment observed in 
vestibular schwannomas. 
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Identifizierung neuer Antigene bei NF2-assoziierten Vestibularisschwannomen und Malignen Peripheren 
Nervenscheidentumoren für CAR-T-Zell-Therapie 
Identification of new antigens in NF2-associated vestibular schwannoma and malignant peripheral nerv sheath 
tumours for CAR-T cell therapy 

F. Kugler1, C. M. Monoranu2, C. Matthies1, R. I. Ernestus1, M. Löhr1, C. Hagemann1, V. Dufner1, M. Breun1 

1Universitätsklinikum Würzburg, Klinik und Poliklinik für Neurochirurgie, Würzburg, Deutschland 
2Universitätsklinikum Würzburg, Pathologie, Würzburg, Deutschland 

Objective 

CAR-T cells have emerged as a promising tool for immunotherapy in oncological patients. Previous studies could 
show evidence for various solid tumor entities like e.g. glioblastoma. Since nerve sheath tumors like NF2-
associated Vestibular Schwannoma (NF2-VS) as well as Malignant Peripheral Nerve Sheath Tumors (MPNST) 
cause severe morbidity and mortality, more systemic and individual treatment strategies are required. In order 
to identify new targets, we examined the expression of seven different antigens in NF2-VS and MPNST in view of 
CAR-T cell therapies. 

Methods 

Tissue samples of twelve patients with NF2-VS and four patients with MPNST were analyzed for expression of 
B7H3, CSPG4, GD2, IL13Rα2, NY-ESO-1, Podoplanine (PDPN) and ROR2 by immunohistochemistry. In NF2-VS 
tissue, Antoni A and Antoni B areas were distinguished and evaluated separately. Healthy sural nerve tissue of 
two specimens served as control. Five representative areas of each slide were evaluated for the calculation of 
the H-score to compare antigen expression between different tissues for each antigen. 

Results 

All 16 examined tumor tissues showed rather low expression of GD2 and IL13Rα2. Similarly, NY-ESO-1 overall 
was slightly expressed except for MPNST (median: 55.53). CSPG4 displayed highest expression in MPNST 
(median: 123.19). Compared to healthy nerve tissue, B7H3 was strongly expressed in MPNST (median: 192.32) 
as well as in Antoni A (median: 166.24) and Antoni B regions of NF2-VS (median: 201.74, p = 0.028, effect size r = 
1.00). PDPN had high expression in Antoni A (median 156.68) areas, whilst Antoni B regions (median: 59.04) and 
MPNST (median: 70.13) displayed lower expression. Interestingly, ROR2 expression was significantly higher in 
Antoni A (median: 241.80) compared to Antoni B areas (median: 139.13, p = 0.021, effect size r = 0.69). Except 
for ROR2 (median: 155.66), all antigens revealed low expression in healthy sural nerve. 

Conclusion 

Our data suggest that B7H3 might be a promising CAR-T cell target in both MPNST and NF2-VS, whereas PDPN 
might serve as such in NF2-VS. Furthermore, despite of a considerable expression in healthy nerve tissue and 
significant expression differences between Antoni A and Antoni B areas, ROR2 might represent a potential 
antigen for CAR-T cells in nerve sheath tumors.  
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Cerebrale Cavernome und Bewegungsstörungen: klinisch-radiologische Besonderheiten und 
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Cerebral cavernous malformations and movement disorders – clinical-radiological characteristics and treatment 
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Objective 

Cerebral cavernous malformations (CCM) most frequently become manifest by seizures, focal neurologic deficits 
or headaches. Movement disorders (MDs) secondary to CCM have only rarely been described in thalamic, basal 
ganglia and brainstem CCM. Owing to their rarity, awareness of this association is limited, while optimal 
management remains uncertain. 

Methods 

In this study, we included all patients with MDs associated with a CCM who presented in our department over a 
period of 10 years. MDs secondary to other cerebrovascular lesions or spinal cavernous malformations were 
excluded. In addition to our case series clinical and radiological findings of relevant previous reports were 
reviewed and treatment approaches are discussed. 

Results 

We encountered a total of 6 patients (5 women and 1 man). Mean age was 38,5 years (range: 16-77 years). In all 
cases radiographic sign of previous haemorrhage was evident. MDs secondary to CCM located in various 
locations included: hemiparkinsonism – anterolateral pontomesencephalon (1); chorea – subthalamic region (1); 
tremor – subthalamic region/dentatothalamic pathways (2); dystonia – putamen/thalamomesencephalic region 
(2). Two patients underwent surgical removal of the CCM with subsequent resolution of MDs. One patient had 
radiosurgery with disappearance of tremor but occurrence of spasticity. In three patients with moderate severity 
of MDs a conservative approach was adopted. A review of the relevant literature revealed a total of 37 cases of 
CCM associated MD. 

Conclusion 

Movement disorders secondary to CCM may include chorea/ballism, tremor, parkinsonism and dystonia. They 
usually present unilaterally on the contralateral side to the CCM. The onset of MDs is variable with dystonic 
syndromes and hypokinetic syndromes mostly showing a subacute or chronic course, whereas chorea/ballism 
and tremor have a sudden occurrence. CCM are dynamic lesions, which can exhibit enlargement or regression 
and therefore the natural course of associated MDs is difficult to predict. Although spontaneous resolution is 
possible, it appears that CCM-related MDs may persist or worsen within several years. The treatment strategy 
should be chosen on an individual basis. 
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Efficacy and limitations of the embolisation of the middle meningeal artery in chronic subdural haematoma 
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Objective 

The aim of the study is to investigate the efficacy and limitations of the embolization of the middle meningeal 
artery (MMA) in chronic subdural hematomas (cSDH). 

Methods 

We retrospectively analyzed patients who underwent embolization of the MMA for the treatment of cSDH from 
Aug. 2019 to Oct. 2021. The data acquisition included the age of the patients, the radiological appearance 
(volume, midline shift and Nakaguchi classification), intake of antithrombotic agents and whether it was a 
recurrent or a primary cSDH. Abnormalities of the MMA and the applied embolic agents were noted. 

Statistical analysis was performed with a significance level two-sided p-value of ≤ .05. 

Results 

Thirty patients with 34 cSDHs underwent embolization. The mean age was 77.5 years (SD=7.6). Seventeen cSDHs 
were primary and 17 were recurrent or embolized adjuvant to surgery. 

According to the Nakaguchi classification, 15 cSDHs appeared homogenous, 6 laminar and 13 trabecular. 

Thirteen MMAs were embolized with Onyx, 6 with PHIL, 14 with Squid and one MMA with Onyx and Squid. 

Three patients scheduled for embolization possessed a rare variant of the MMA with an origin from the 
ophthalmic artery, which generally restricts embolization. 

The mean volume was 71.1 ml (SD=33) prior to embolization and 35 ml (SD=8.5) in the last follow up (p<.001). 

Six cSDHs did not regress in size in the last follow up CT-scan. This leads to an efficacy of 82%. Three of them 
needed surgery due to worsening of symptoms. 

The presence of a contralateral hematoma demonstrated a higher risk of failure of treatment (p=.021). 

There was no influence of age (p=.302), pre-interventional volume (p=.635), midline shift (p=.174), history of 
trauma (p=.327), recurrence (p=.175), the radiological type, presence of new motor deficit (p=.565) or the 
embolic agent on the radiological outcome. 

Three mild complications and one severe complication, permanent visual deficit, occurred. 
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Conclusion 

Conclusion: 

The embolization of the MMA represents an effective therapy for primary and recurrent cSDHs with an efficacy 
of 82% in this study. The pre-interventional volume does not seem to influence the outcome whereas the 
presence of bilateral cSDHs influences it negatively. Ophthalmic origin of the MMA is another limitation of this 
treatment. 

Multicenter prospective randomized controlled trials are necessary to prove efficacy and limitations of the 
treatment in larger patient cohorts. 
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Preoperative transarterial embolisation combined with microsurgical resection of cerebral arteriovenous 
malformations – retrospective, single-centre analysis of 102 patients 
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Objective 

In our retrospective study we analysed the early postoperative outcome of our patients with cerebral 
arteriovenous malformations (AVM) treated with preoperative transarterial embolization and microsurgical 
resection. 

Methods 

The single-center retrospective analysis was performed on 107 AVM operations on 102 patients. The data was 
collected from pediatric and adult patients including all treated ruptured and unruptured AVMs between 2014 
and 2021. Spetzler-Martin grades (SM), supplemented Spetzler-Martin grades (sSM) as well as neurological 
outcome using mRS score prior to and one week after the surgery were evaluated and compared to the available 
data of the current literature (Kim et al.)  

Results 

In the examined period we treated 51 unruptured (48%) and 56 ruptured (52%) AVMs. Extensive preoperative 
transarterial embolization was performed prior to microsurgical resection in every single case independent from 
AVM grade. Neurological worsening of mRS scores were observed after 18 operations (16%). Using SM grading 
7, 11, 25, 25 and 33% of cases worsened gradually from SM grade I to V. Using sSM grading, we observed  0, 0, 
4, 13, 33, 31, 30 and 0% neurological worsening gradually from sSM grade 2-9. The observed data were slightly 
better compared to the multicenter cohort of 1009 surgical patients published by Kim et al.   

Conclusion 

The extensive use of preoperative transarterial embolization combined with microsurgical resection in a high-
volume neurovascular center seems to be an effective tool to reduce the neurological risks related to the 
treatment of cerebral arteriovenous malformations in all grades. Reference: Kim et al: Validation of the 
Supplemented Spetzler-Martin Grading System for Brain Arteriovenous Malformations in a Multicenter Cohort 
of 1009 Surgical Patients, Neurosurgery, Volume 76, Issue 1, January 2015, Pages 25–33 
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Objective 

The underlying pathophysiological cause of Moyamoya-Angiopathy (MMA) is still unclear. In neurovascular 
imaging, high-resolution vessel wall imaging has become a useful tool in characterization and identification of 
unstable unruptured brain aneurysm, identifying aneurysms with a higher risk of rupture or acute vasculitis. A 
diagnostic exclusion criteria for MMA is vasculitis (by CSF diagnostics). However, appearance of contrast-
enhancement in the vessel has also been described in MMA. The incidence of this MR (magnetic resonance) 
finding has not been described yet. 

Methods 

This is a retrospective blinded cohort study, which analyzed all consecutive patients with MMD treated at our 
center, which received a MR imaging with contrast-enhanced high-resolution vessel wall Imaging. Incidence of 
vessel wall contrast enhancement was evaluated by two independent physicians. Clinical data was acquired 
retrospectively. To compare non-numeric parameters of both groups, the chi-square test was applied. Statistical 
analysis was performed in R Studio. 

Results 

Ninety-Seven MMA patients were included in this study, of which 65 suffered from Moyamoya Disease (MMD) 
with bilateral involvement and 32 with unilateral MMA. Overall incidence of pathological contrast-enhancement 
was 61/97 (63%). This was significantly higher in bilateral MMD (N=20/65; 69%) then in unilateral MMA (N= 
15/32; 47%) with p = 0.007. Incidence of contrast-enhancement was independent of patients" sex (men: 
N=7/36; 20% and women: N=14/60; 23%). Mean age was indifferent in both MMA with (43.08 years ±SD14.86) 
and without contrast-enhancement (40.92 years ±SD14.09). 

Conclusion 

The incidence of pathological contrast enhancement in Moyamoya patients is 63%. The majority of bilateral 
MMD undergo a contrast-enhancement in the course of their medical history – this is seen in Moyamoya 
although vessel wall contrast uptake has described as a typical vasculitis marker. This data underlines the 
importance of vessel wall Imaging in MMA diagnostics, but diminishes this MR finding's specificity in vasculitis 
itself. CSF examination is crucial to to exclude vasculitis and reliably diagnose Moyamoya. Further prospective 
studies are required to determine the specificity of this contrast-enhancement and the difference in signal to the 
known inflammatory vasculitis signal to better understand pathophysiological processss, leading to Moyamoya. 
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Ischämie induzierte Entzündungsreaktion in arteriovenösen Malformationen 
Ischemia induced inflammation in arteriovenous malformations 
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Objective 

Arteriovenous malformations" (AVMs) pathophysiology of development, growth, and rupture is only partially 
understood. However, inflammation is known to play an essential role in many vascular diseases. This feasibility 
study aimed to investigate the expression of enzymes [COX-2 (Cyclooxygenase 2) and NLRP3 (NOD-, LRR- and 
pyrin domain-containing protein 3)] in the AVM nidus that are essential in their inflammatory pathway. 
Moreover, to determine generally which inflammatory pathways influence the pathophysiology of AVMs. 

Methods 

The study group comprised 21 patients with partly thrombosed arteriovenous malformation. The cohort 
included ten ruptured and 11 unruptured AVMs, which had all been treated microsurgically. The Formaldehyde-
fixed and paraffin-embedded samples were immunohistochemically stained with a monoclonal antibody against 
COX-2 and NLRP3 (Dako, Santa Clara, CA; Clone: CX-294; ABCAM, Cambridge, MA, ab214185). We correlated 
MRI and clinical data with immunohistochemistry, using the Trainable Weka Segmentation algorithm for 
analysis. 

Results 

A total of 21 patients (7 male) with ruptured (n = 8) and unruptured (n = 13) with AVMs were included into the 
study. In 81%, elastic fibers were lost in the AVM nidus, and in 52%, iron deposition in the wall structures is 
reported. The median AVM volume was 2240 mm³ (IQR: 924 – 8372 mm³). Moreover, proportion of NLRP3 
positive cells was significantly higher (26.23 % - 83.95 %), compared to COX-2 positive cells (0.25 % - 14.94 %, p < 
0.0001, Figure 1). Ruptured AVM had no higher expression of NLRP3 (p = 0.39) or COX-2 (p = 0.44), compared to 
non-ruptured AVMs. Further, no patient characteristics could be reported that showed significant correlations to 
the enzyme expression. 

Conclusion 

The inflammatory process in AVMs seems to be mainly associated with ischemic (NLRP3) and not with 
mechanical (COX-2) driven inflammatory pathways. No direct associations between NLRP3 or COX-2 expression 
and radiological, standard histopathological, or patient characteristics were found in this cohort. 

Figure 1: COX-2 and NLRP3 expressions in AVMs: Immunohistochemical (IHC)-stainings (left images: x4 
magnification; right images: x40 magnification) with cyclooxygenase 2 (COX-2 A-C 1+2) and pyrin domain-
containing protein 3 (NLRP3, A-C 3+4) antibodies of arteriovenous malformations (AVMs). In all AVMs, an 
average of 55.19% of cells are positive for NLRP3. At the same time, only an average of 4.71% of cells are 
positive for COX-2. 
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Validierung der deutschen Version des "subarachnoid haemorrhage outcome tool" (SAHOT) bei Patienten nach 
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Validation of the German version of the subarachnoid haemorrhage outcome tool (SAHOT) 

A. Ziebart1, A. Abdulazim1, F. Wenz1, N. Kleindienst2, M. Mocarz-Kleindienst2, G. Rinkel1, N. Etminan1 

1Universitätsklinikum Mannheim, Neurochirurgische Klinik, Mannheim, Deutschland 
2Zentralinstitut für Seelische Gesundheit, Mannheim, Deutschland 

Objective 

The subarachnoid haemorrhage outcome tool (SAHOT) is the first subarachnoid haemorrhage-specific 
scientifically robust outcome measure. We aimed to adapt the SAHOT into German and test its psychometric 
properties for subarachnoid haemorrhage patients in Germany. 

Methods 

Forward and backward translations were conducted according to current guidelines. We studied 81 
prospectively collected patients with non-traumatic subarachnoid haemorrhage. SAHOT, Quality of Life after 
Brain Injury (QOLIBRI), Hospital Anxiety and Depression Scale (HADS) and EuroQol questionnaire (EQ-5D) were 
administered after discharge. SAHOT was readministered within 3 days and 3 to 4 months following 
neurorehabilitation. We assessed internal consistency by Cronbach"s α and validity by Pearson correlations, 
comparing SAHOT scores with those obtained from established scales. Responsiveness was evaluated by effect 
sizes. 

Results 

The German version revealed no major changes in back translation. Semantic equivalence was assessed after 
revision of the reconciled forward translation. Pilot testing with a cognitive interview of the patients and a final 
review indicated no need for adjustment of the questionnaire. Internal consistency was excellent regarding 
psychological distress (α=0.90) and good for the other domains (α=0.85–0.87). The observed floor and ceiling 
effects were small (1.3%-9.0%). Test–retest reliability indicated stability with an intraclass correlation coefficient 
of 0.875 (0.865-0.884; 95% CI). All domains correlated moderately with established measures (p<0.01). The 
cognitive domain was moderately sensitive to change following therapy (Cohen`s d >0.5) and the other three 
domains were strongly sensitive to change (Cohen`s d >0.8). 

Conclusion 

The German version of the SAHOT is a reliable and valid instrument. It is especially suited for use in future clinical 
studies and individual assessment in patients after subarachnoid haemorrhage in Germany. 
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Dauer des intrakraniellen Druckanstiegs nach aneurysmatischer Subarachnoidalblutung: frühzeitige Prädiktoren 
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Duration of intracranial pressure increase after aneurysmal subarachnoid haemorrhage – early predictors and 
association with the outcome 
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Objective 

Rupture of intracranial aneurysm is associated with several primary and secondary complications, including a 
persistent increase of intracranial pressure (ICP) requiring conservative and/or surgical treatment. We analyzed 
the risk factors related to the duration of pathological ICP increase and the relationship between ICP burden and 
SAH outcome. 

Methods 

All consecutive cases with aneurysmal subarachnoid hemorrhage (SAH) treated at our institution between 
01/2003 and 06/2016 were eligible for this study. Different admission variables were analyzed to predict the 
prediction of the duration of ICP >20 mmHg in univariate and multivariate analyses. The association of ICP 
course with the primary study endpoints (risk of cerebral infarction, in-hospital mortality and unfavorable 
outcome at 6 months defined as modified Rankin scale>3) were adjusted for major outcome-relevant 
confounders. 

Results 

Of 912 SAH patients in the final analysis, 386 individuals (42.3%) developed at least one ICP increase requiring 
conservative and/or surgical management after aneurysm treatment (mean duration: 3.84 days, range: 1 – 14 
days). In the multivariate analysis, patients" age (UC=-0.02, p<0.0001), WFNS (UC=0.94, p<0.0001) and Fisher 
(UC=0.71, p=0.002) grades at admission, regular medication with the angiotensin-converting enzyme inhibitors 
(UC=-0.42, p=0.027), and blood sugar levels (UC=0.01, p=0.037) were associated with the duration of ICP 
increase. In turn, patients with longer ICP elevations were at higher risk for cerebral infarction (aOR=1.31 per-
day-increase, p<0.0001), in-hospital mortality (aOR=1.19, p<0.0001) and unfavorable outcome (aOR=1.43, 
p<0.0001). SAH patients who underwent primary decompression showed a shorter period of ICP increase than 
the counterparts with secondary decompression (mean: 2.7 vs 4.8 days, p<0.0001). 

Conclusion 

The duration of ICP increase after aneurysm rupture is a strong outcome predictor and related to younger age 
and higher initial severity of SAH. Further analysis of the factors impacting the course of ICP after SAH is essential 
for optimizing ICP management and outcome improvement. 
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Red blood cell distribution width at admission is a predictor for poor outcome in aneurysmal subarachnoid 
haemorrhage 
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Objective 

Elevated red blood cell distribution width (RDW) is a known predictor of inflammation and poor outcome in 
cardiovascular disease. However, data on patients with aneurysmal subarachnoid hemorrhage (SAH) is scarce. 
We therefore performed a single-center study. 

Methods 

330 patients with SAH treated between 01/2014 and 01/2021 were analyzed. Patients were divided into good 
grade (WFNS grades I-II) versus poor grade (WFNS grades III-V) on admission. RDW was assessed at admission 
and daily until day 5.  Outcome according to the modified Rankin scale (mRS) score was assessed at 6 months 
after ictus. Outcome was dichotomized into favorable (mRS 0-2) and unfavorable (mRS 3-6). Univariate and 
multivariate analyses were performed. 

Results 

165 (50%) patients had poor outcome. High RDW was associated with poor outcome (12.9 ± 1 vs. 13.4 ± 1; 
p=0.01). Optimal RDW cut-off value (≤13.2/>13.2) in the prediction of outcome was determined by ROC curve 
analysis (AUC: 0.58; 95% CI 0.51-0.64). 

In the multivariate analysis poor grade SAH (p=0.0001, OR 17, 95% CI 9 – 31) and high RDW (p=0.033, OR 2, 95% 
CI 1.1 – 3.8) were predictor for unfavorable outcome. Treatment modality was no predictor of outcome. 

Conclusion 

RDW at admission is a predictive marker for poor outcome at 6 months after SAH. 
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Leukozytose ist ein unabhängiger Prädiktor für eine stattgehabte Blutung aus einem zerebralen Kavernom 
Leukocytosis at presentation is an independent predictor for haemorrhage in cerebral cavernoma 
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Objective 

Objective: Selecting between ruptured and unruptured cerebral cavernomas (CCM) may sometimes be 
challenging. While inflammatory burden is highly debated in the disease pathogenesis of cerebral cavernoma, 
we investigated laboratory systemic inflammatory markers to stratify between ruptured and unruptured CCM.  

Methods 

Methods: Eighty-seven cerebral cavernoma patients who underwent surgical resection were included in this 
retrospective single-center series. Indications for resection included hemorrhage, and symptomatic epilepsy 
without hemorrhage. Patients underwent MR imaging before and aftzer surgery. CCMs were analyzed 
histopathologically. Clinical, radiological, and histological data were analyzed. 

Results 

Results: Receiver operating characteristic curve revealed a strong diagnostic performance of white blood cell 
count (WBC) at admission in the prediction of bleeding from cavernoma (Area under curve (AUC): 0.74; 95% CI: 
0.63–0.84, cut-off: ≥6.595/<6.595, sensitivity: 66%, specificity: 70%, Youden´s index: 0.36). Univariable analysis 
found that nicotine abuse, blood-borne diseases, connective tissue diseases, and dexamethasone intake were 
homogeneously distributed among the low- (<6.595) and high (≥6.595) WBC groups. Multivariable analysis 
considering the demographic confounders (sex & age) and WBC confirmed WBC ≥6.595 (Adjusted Odds ratio: 
4.5, 95% CI: 1.8-11.2, p = 0.001) as an independent predictor of bleeding from cerebral cavernoma. 

Conclusion 

Conclusion: White blood cell count ≥ 6.595 was significantly associated with ruptured CCM, and seems to be a 
quick-to-use biomarker in controversial cases. Further investigations are needed to analyze the role of 
inflammation in cerebral cavernoma and the disease specific clinical endpoints (e.g., bleeding, symptomatic 
seizure). 
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Objective 

To date, there is no medical treatment to prevent subsequent progression to rupture of intracranial aneurysms 
and to control rupture-followed complications to improve the clinical outcome after SAH. We explored the role 
of Vitamin D (VitD3) status because of its known anti-inflammatory effect as a potential treatment. 

Methods 

25-vitaminD3 levels tested between 2017-02/2021 at admission and data of SAH patients with ruptured 
aneurysms were analyzed, prospectively. We correlated VitD3 status with size and number of ruptured 
aneurysms in admitted patients as well as with the rate of cerebral vasospasm and clinical outcome 6 months 
after aSAH. 

Results 

A total of 103 patients were included in this cohort. We determined a significant association of sufficient VitD 
level with smaller size of aneurysms (<5mm) at the time of rupture (p<0,001; OR 7) as well as with lower number 
of detected aneurysms (=1) (p<0,001; OR 7). Sufficient VitD level at SAH onset was associated with a significant 
lower rate of neurological deficits at admission (Hunt&Hess grade ≤III) (p<0,0001; OR 0,03) or high blood volume 
described as Fisher Score 3 (p<0,001;OR 7). Furthermore, patients with sufficient VitD level at hemorrhage onset 
had a lower risk for cerebral vasospasm (p<0,05; OR 3,5), specially for severe vasospasm (p<0,05; OR 15) and 
delayed cerebral infarction (p<0,01; OR 4,2). In addition, we observed a higher chance for favorable outcome 
(mRS 0-2) (p<0,01; OR 4,6) in case of patients with normal VitD plasma level at admission. In our multivariate 
analysis, sufficient VitD level (≥30 ng/ml) was an significant independent factor affecting aneurysm size, number 
of aneurysm, developing cerebral vasospasm and the clinical outcome 6 month after SAH. 

Conclusion 

VitD3 attenuates subsequent progression and aneurysm rupture affecting size and number of aneurysms. 
Furthermore, sufficient Vitamin D level decreases the rate of post SAH complications and supports the chance 
for favorable outcome. However, VitD-administration should be tested as optional treatment in management of 
patients with unruptured and ruptured aneurysms.  
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Objective 

Delayed cerebral ischemia (DCI) contributes to morbidity and case-fatality after aneurysmal subarachnoid 
hemorrhage (aSAH). Continuous improvement in management of these patients, such as neurocritical care and 
aneurysm repair, may have decreased the prevalence of DCI. The aim of this study was to investigate potential 
time trends in the DCI prevalence in the last 20 years. 

Methods 

Medline, Embase and the Cochrane library were searched from 2000 to 2020. We included randomized 
controlled trials which reported clinical (and radiological) DCI in aSAH patients randomized to the control group 
receiving standard care. DCI prevalence was estimated by means of random effects meta-analysis and subgroup 
analyses were performed for DCI sum score, (modified) Fisher grade, clinical grade on admission, and aneurysm 
treatment methods. Time trends were evaluated by meta-regression. 

Results 

The search strategy yielded 5,931 records, of which 57 randomized controlled trials were included. A total of 
 4,424 patients in the control arm were included. Overall prevalence of DCI was 0.29 (95% CI 0.26-0.32). 
Prevalence of DCI among the high quality studies was 0·30 (95% CI 0.25 – 0.34) and did not decrease over time 
(0.25% decline/year (95% CI – 2.49%, + 1.99%), p=0.819). DCI prevalence was higher in studies including only 
higher clinical or higher Fisher grades and in studies including only clipping as treatment modality. 

Conclusion 

Overall DCI prevalence in aSAH patients was 0.29 (95% CI 0.26-0.32) and did not decrease over time in control 
groups of RCTs. 
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Fig.1: DCI in best quality studies (Jadad Score > 3, DCI definition > 3) 

Fig. 2: Meta-regression DCI prevalence over time in best quality studies (Jadad Score > 3, DCI definition > 3) 
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Meta review on perforation model of subarachnoid haemorrhage in mice – filament material as a moderator of 
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Objective 

Since description of the first animal model of subarachnoid haemorrhage (SAH) in 1979, researchers have 
improved the technique and procedure to increase suitability for translational research. Here we focus on the 
reported experimental procedure of the perforation  SAH model in mice and aim to identify predicting factors 
for mortality, severity of SAH grade and frequency of large artery vasospasm. 

Methods 

We conducted a systemic review on studies using SAH perforation model in Wild Type C57BL/6 mice. A set of 
twenty-two different model characteristics including outcome, mouse strain, surgical procedure, filament 
material and anaesthetic specifications were extracted from each article. Afterwards, a random-effects meta-
analysis was used to identify variances in mortality, SAH severity grade, large artery vasospasm and experimental 
moderators of it, provided enough articles reported that particular parameter. 

Results 

Of our 430 articles, 42 were eligible for the meta-analysis. Certain SAH perforation model characteristics were 
insufficently reported, e.g., location of perforation (not reported in n = 6 articles), postsurgical pain management 
(n = 32), filament material (n = 15), age (n = 10) and weight of mice (n = 10). A large diversity in reporting was 
observed throughout articles in terms of injective anaesthetics and the location of the perforation. Compared to 
Cisterna Magna blood injection model (0 - 16 % mortality) (Leclerc et al. 2018) the overall animal mortality was 
20.8 % [95 %-CI: 16.8 %, 25.5 %] following a median observation time of three days after SAH induction. The 
mortality increased with longer observational period (0.9 % increase per additional day, p = 0.038). Interestingly, 
after removing four hyper acute studies for pathophysiological mechanisms (time < 1 day), the material of the 
filament used for perforation significantly correlated with animal mortality (p = 0.008). The mean SAH grade, 
reported in 16 articles, was 10.8 [9.7, 11.9] on the scale described by Sugawara (2008). Furthermore, the mean 
diameter of large arteries was 26.1 % [3.3 %, 48.9 %] smaller after SAH compared to the diameter of sham 
operated control groups. 

Conclusion 

Reporting quality of experimental procedures and outcome in perforation mouse model of SAH is poor. Uniform 
standards of experimental procedures might help to increase overall comparability. In this context, filament 
material probably influences mortality and may oppose to reduce needed number of animals. 
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Objective 

Microsurgical clipping creates a subsequent barrier of blood flow into intracranial aneurysms, whereas 
endovascular treatment relies on neointima and thrombus formation. The source of endothelial cells covering 
the endoluminal layer of the neointima remains unclear. The aim of the present study was to investigate this 
origin after cell-tracer injection in the Helsinki rat microsurgical sidewall aneurysm model. 

Methods 

Sidewall aneurysms were created suturing decellularized or vital arterial pouches end-to-side to the abdominal 
part of the aorta in male Lewis rats. Prior arteriotomy and aneurysm suture, cell-tracer injection was performed 
into the clamped aorta to lable endothelial cells in the adjacent vessel and enable tracking their proliferation 
during follow-up. Treatment followed by coil- (n = 16) or stent-embolization (n = 15). At follow-up (7 days or 21 
days), all rats underwent fluorescence angiography followed by aneurysm harvesting, macroscopic and 
histological evaluation with immunohistological cell counts for specific regions of interest. 

Results 

None of the 31 aneurysms had ruptured upon follow-up. 4 animals died prematurely. Macroscopical residual 
perfusion was observed in 75.0% coiled and 7.0% of stented rats. The amount of cell-tracer positive cells was 
significantly elevated in decellularized stented compared to coiled aneurysms regarding thrombus on day 7 (p = 
0.01) and neointima on day 21 (p = 0.04); in vital aneurysms no significant differences in thrombus or neointima 
were found. 

Conclusion 

Our findings confirm worse healing patterns in coiled compared to stented aneurysms. Neointima formation 
seems particularly dependent on the parent artery in decellularized aneurysms, whereas it is supported by the 
recruitment from aneurysm wall cells in vital cell-rich walls. In terms of translation, stent-treatment might be 
more sufficient for highly degenerated aneurysms whereas coiling alone might be adequate for aneurysms with 
mostly healthy vessel walls. 
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Objective 

Oxidative stress increases endothelial cell dysfunction, which is a potential risk factor for the formation and 
rupture of aneurysms. Dysfunctional endothelial cells release MCP- 1 and IL-8 which attract macrophages and 
neutrophils. Both cell types have been reported with increasing evidence to play an important role in aneurysm 
formation and rupture. This study aims to investigate the effect of Rapalink-1 on cytokine release in 
dysfunctional endothelial cells after exposure to oxidative stress in human umbilical vein endothelial cells 
(HUVECs). 

Methods 

HUVECs (Promocell, Heidelberg, Germany) were treated with different concentrations (100µM, 200µM) of 
hydrogen peroxide (H2O2) in the presence or absence of Rapalink-1 (0.5 nm). The relative mRNAs expression of a 
panel of cytokines and receptors was investigated by qRT-PCR and protein levels were analyzed by Western blot. 
Scratch assay was performed to analyze the migration ability of HUVECS. For the scratch assay, 50,000 cells were 
seeded in 6 well plates. After 90 % confluency, using a 10 µL tip a scratch was made. Images were captured at 6, 
12, and 24 hrs. Image J was used for quantification of HUVECs migration in scratch assay. All experiments were 
performed with three biological replicates and each biological replicate had technical triplicates. For statistical 
analysis, the Student t-test was applied for two groups and one-way ANOVA to compare more than two groups. 

Results 

Rapalink-1 reduced the mRNA expression of oxidative stress induced inflammatory cytokines (IL-1β: 
Control=1±0.25, H2O2=6.5±2.5, H2O2 + Rapalink-1=0.01±0.01; IL-8: Control=1±0.25, H2O2=6.5±2.5, H2O2 + 
Rapalink-1=0.03±0.01; MCP-1: Control=1±0.29, H2O2=3.95±0.09, H2O2 + Rapalink-1=0.01±0.01) and receptor 
TLR-4 (Control=1±0.12, H2O2=1.23±0.03, H2O2 + Rapalink-1=0.36±0.03). Rapalink-1 recovered the migration 
ability of HUVECs and inhibited endothelial cell dysfunction (ICAM-1: Control=1±0.09, H2O2=2.94±0.27, 
H2O2+Rapalink-1=0.27±0.04; e-Selectin: Control=1±0.09, H2O2=5±0.86, H2O2+Rapalink-1=0.1±0.02). All values are 
mean±StDev and P<0.05. 

Conclusion 

Oxidative stress led to endothelial dysfunction and the expression of inflammatory cytokines. Rapalink-1 
reversed the oxidative stress-mediated endothelial inflammation dysfunction. Rapalink-1 might be a suitable 
target in oxidative stress-mediated vascular diseases. 
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Rapalink-1 mildert Alterung und von endothelialen Schäden durch Rauchkondensat – ein mögliches molekulares 
Ziel zur Behandlung von intrakraniellen Aneurysmen 
Rapalink-1 ameliorates aging and endothelial damage caused by smoke condensate – a possible molecular target 
in intracranial aneurysm formation 

X. Li1, D. Khan1, H. Zhou1, C. Hagenbeck2, D. Hänggi1, S. Muhammad1 

1Universitätsklinikum Düsseldorf, Klinik für Neurochirurgie, Düsseldorf, Deutschland 
2Universitätsklinikum Düsseldorf, Department of Gynecology and Obstetrics, Düsseldorf, Deutschland 

Objective 

Smoking is a well-known risk factor for intracranial aneurysm formation and rupture. Smoking-mediated 
inflammation leading to endothelial dysfunction and damage to the arterial wall are possible mechanisms behind 
it. This study aims to investigate the smoke condensate (SC) mediated cellular and molecular events in human 
umbilical vein endothelial cells (HUVECs) and find novel drug targets to block smoking-induced signals. 

Methods 

HUVECs (Promocell, Heidelberg, Germany) were treated with different concentrations (20µg/ml, 40µg/ml) of SC 
with or without Rapalink-1 (0.5nm). SC was prepared by passing cigarette smoke through ethanol. Ethanol was 
evaporated and smoke condensate was dissolved in DMSO. Telomere length was quantified as telomere to 
single-copy gene (TS) ratio. Telomere length, the mRNAs expression, and protein level were quantified by qRT-
PCR and Western blot. All experiments were performed with three biological replicates, and each biological 
replicate had technical triplicates. For statistical analysis, the Student t-test was applied for two groups and one-
way ANOVA to compare more than two groups. 

Results 

Exposure to SC enhanced cellular aging (TS ratio: Control=1±0.15, SC=0.59±0.2) and increased relative mRNA 
expression of aging related biomarkers (P21: Control=1±0.24, SC=2.77±0.68), inflammatory cytokines (IL-8: 
Control=1±0.25, SC=2.02±0.18; MCP-1: Control=1±0.03, SC=5.64±0.58) and MMP2 (Control=1±0.03, 
SC=2.07±0.42) in HUVECs. The screening of 171 drugs revealed Rapalink-1 an mTOR pathway inhibitor, which 
powerfully reduced SC mediated aging (TS ratio: Control=1±0.15, SC=0.59±0.2, SC+Rapalink-1=0.7±0.03, P21: 
Control=1±0.24, SC=2.77±0.68, SC+Rapalink-1=1.58±0.07). The expression of inflammatory cytokines (IL-8: 
Control=1±0.25 SC=2.02±0.18, SC+Rapalink-1=1.59±0.08; IL-17: Control=1±0.15, SC=36±15.68, SC+Rapalink-
1=5.06±1.35; MCP-1: Control=1±0.03, SC=5.64±0.58, SC+Rapalink-1=3.9±0.11), receptor TLR4 (Control=1±0.1, 
SC=1.8±0.2, SC+Rapalink-1=0.5±0.02) and MMP2 (Control=1±0.03, SC=2.07±0.42, SC+Rapalink-1=1.26±0.09) was 
reduced after rapalink-1 treatment. All values are mean±StDev and P<0.05. 

Conclusion 

Smoke condensate induced aging and endothelial dysfunction, which was reversed by treatment with mTOR 
inhibitor Rapalink-1. Rapalink-1 and the mTOR pathway could be targeted in endothelial dysfunction mediated 
diseases, including the formation of intracranial aneurysms. 
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Doxycyclin als potentielles Medikament reduziert die Expression von MMPs nach oxidativem Stress 
Doxycycline is a potential drug to reduce oxidative stress-induced expression of MMPs in endothelial cells 

X. Li1, D. Khan1, H. Zhou1, M. Rana2, D. Hänggi1, S. Muhammad1 
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Objective 

Oxidative stress increases the release of matrix metalloproteases (MMPs). MMPs via digesting extracellular 
matrix contribute strongly to aneurysm pathophysiology. In addition to other cell types, endothelial cells 
produce and release MMPs. In this study, we investigated the effects of Doxycycline on MMPs expression in 
human umbilical vein endothelial cells (HUVECs) after exposure to oxidative stress. 

Methods 

HUVECs (Promocell, Heidelberg, Germany) were treated with different concentrations (100µM, 200µM) of 
hydrogen peroxide (H2O2) with or without Doxcycline (2µg/mL). The relative mRNAs expression of a panel of 
MMPs was quantified by qRT-PCR. All experiments were performed with three biological replicates and each 
biological replicate had technical triplicates. For statistical analysis, the Student t-test was applied for two groups 
and one-way ANOVA to compare more than two groups. 

Results 

H2O2 increased relative mRNA expression of multiple MMPs in HUVECs: MMP-1 (Control=1±0.25, H2O2=9.2±0.9), 
MMP-2 (Control=1±0.07, H2O2=1.76±0.08), MMP-8 (Control=1±0.08, H2O2=1.72±0.2), MMP-10 (Control=1±0.15, 
H2O2=5.35±0.3) and MMP-11 (Control=1±0.19, H2O2=2.54±0.47). Doxcycline reduced oxidative stress induced 
mRNA expression of MMPs (MMP-1: Control=1±0.25, H2O2=9.2±0.9, H2O2 + Doxcycline=5.09±0.5; MMP-2: 
Control=1±0.07, H2O2=1.76±0.08, H2O2 + Doxcycline=1.18±0.08; MMP-8: Control=1±0.08, H2O2=1.72±0.2, H2O2 + 
Doxcycline=1.18±0.23; MMP-10: Control=1±0.15, H2O2=5.35±0.3, H2O2 + Doxcycline=3.85±0.27 and MMP-11: 
Control=1±0.19, H2O2=2.54±0.47, H2O2 + Doxcycline=1.74±0.18). All values are mean±StDev and P<0.05. 

Conclusion 

Doxycycline reduced the MMPs expression in HUVECs induced by oxidative stress. We propose doxycycline as a 
potential candidate to ameliorate oxidative stress-mediated MMPs expression in vascular diseases. 
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Doxycyclin reduziert Ethanol-induzierte Entzündung und Alterung in Endothelzellen 
Ethanol-induced inflammation and aging in endothelial cells was reduced by Doxycycline treatment 

X. Li1, D. Khan1, H. Zhou1, N. Gerdes2, D. Hänggi1, S. Muhammad1 
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Objective 

Hypertension, smoking and excess alcohol consumption are associated with the development of aortic and 
intracranial aneurysms (ICAs). Endothelial dysfunction is considered as one of the important mechanisms 
involved in aneurysm pathophysiology. Here, we investigated the effects of ethanol on human umbilical vein 
endothelial cells (HUVECs) and screened 171 drugs to find drug candidates to reverse alcohol mediated changes 
in endothelial cells. 

Methods 

HUVECs (Promocell, Heidelberg, Germany) were treated with different concentrations (300mM, 400mM) of 
Ethanol with or without Doxycycline (2µg/mL). Telomere length was quantified as telomere to single-copy gene 
(TS) ratio. Telomere length and the mRNA expression were quantified by qRT-PCR and protein level was analyzed 
by Western blot. All experiments were performed with three biological replicates and each biological replicate 
had technical triplicates. For statistical analysis, the Student t-test was applied for two groups and one-way 
ANOVA to compare more than two groups. 

Results 

Ethanol treatment accelerated cellular aging in HUVECs which was observed through shortening of telomere 
length (Control=1±0.08, Ethanol=0.26±0.04) and relative mRNA expression of aging marker P21 (Control=1±0.08, 
Ethanol=2.09±0.07). After Doxycycline treatment the telomere length was recovered (Control=1±0.08, 
Ethanol=0.26±0.04 Ethanol + Doxycycline=0.68±0.11), Lamin b1 protein (marker for aging) expression was 
increased (Control=1.18±0.09, Ethanol=0.65±0.05, Ethanol + Doxycycline=1±0.1), and relative mRNA expression 
of P21 was reduced (Control=1±0.11, Ethanol=2.09±0.07 Ethanol + Doxycycline=1.9±0.01). Doxycycline reduced 
the mRNA expression of inflammatory markers (MCP-1: Control=1±0.17, Ethanol=9.28±0.12, Ethanol + 
Doxycycline=6.68±.041; IL-17: Control=1±0.12, Ethanol=8.15±1.15, Ethanol + Dox=4.9±0.86), endothelial 
dysfunction marker ICAM-1 (Control=1±0.15, Ethanol=3.6±0.21, Ethanol + Doxycycline=1.7±0.28) and MMP2 
(Control=1±0.27, Ethanol=1.89±0.16, Ethanol + Doxycycline=1.29±0.13). All values are mean±StDev and P<0.05. 

Conclusion 

Ethanol enhanced cellular aging in endothelial cells and caused endothelial dysfunction. Doxycycline reduced 
accelerated aging and decreased endothelial dysfunction. Doxycycline can be a candidate drug for endothelial 
cell dysfunction-associated diseases including ICAs. 
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Ultrastrukturelle Charakteristika von extra- und intrakraniellen Gefäßen in der Moyamoya-Erkrankung 
Ultrastructural characteristics of extra- and intracranial vessels in Moyamoya disease 

R. Xu1, L. Skrip1, S. Timm2, P. Schrade2, M. Ochs2, P. Vajkoczy1 

1Charité – Universitätsmedizin Berlin, Klinik für Neurochirurgie, Berlin, Deutschland 
2Charité – Universitätsmedizin Berlin, Institut für funktionelle Anatomie, Berlin, Deutschland 

Objective 

Moyamoya disease (MMD) poses a unique cerebrovascular pathology characterized by progressive stenosis of 
the basal arteries of the circle of Willis with a network of fragile and dysfunctional vessels.  Studies on the 
underlying pathophysiology and ultrastructural features of ex vivo vessel tissue are scarce in the literature. 
Hence, this study aimed at characterizing the ultrastructural phenotype of MMD vasculature via transmission 
electron microscopy (TEM). 

Methods 

Tissue samples of the middle cerebral artery (MCA) as well as superficial temporal artery (STA) during standard 
STA-MCA bypass operations were collected from a total number of n=7 MMD patients; specimens from patients 
with atherosclerotic vascular disease were used as the corresponding control. Tissue was fixed with 2.5 % 
glutaraldehyde in 0.1 M sodium cacodylate buffer and postfixed with 1 % osmium tetroxide and 0.8 % potassium 
ferrocyanide II in 0.1 M cacodylate buffer for 1.5 h, followed by dehydration in a graded ethanol series, and 
embedded in Epon resin. Semithin sections (0.5 µm) were cut and stained with methylene blue and azure II 
according to Richardson for light microscopy. Finally, ultrathin sections of 70 nm thickness were prepared using 
an ultramicrotome, collected on pioloform-coated copper grids subsequently stained with uranyl acetate, and 
examined with a Zeiss Leo 906 electron microscope at 80 kV acceleration voltage equipped with a slow scan 2K 
CCD camera. 

Results 

MMD samples showed distinct endothelial abnormalities with isoprismatic endothelial cells undergoing 
proliferation in the STA. Furthermore, the subendothelial layer was characterized by a marked collection of 
smooth muscle cells (SMCs) and fibrocytes (FCs), as well as heterogeneously disrupted elastic internal lamina. In 
the MCA, the vasculature also showed characteristic features with subendothelial thickening, accompanied by 
SMC and FC proliferation. 

Conclusion 

In this study, we shed light on ultrastructural vessel characteristics of ex vivo tissue from both intra- and 
extracranial vasculature in the same MMD patients via TEM. Both STA and MCA showed a heterogenous pattern 
of endothelial proliferation, intimal thickening with collection of SMCs, fibrocytes and collagen fibers, 
questioning the origin and migration patterns of these subendothelial cell structures in MMD. 
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Expressionsunterschiede von NEAT1, einem langen nicht-kodierenden RNA (lnc-RNA) in rupturierten vs nicht 
rupturierten intrakraniellen Aneurysmen (ICAs) 
Long Non-Coding RNA (Lnc RNA) NEAT1 is differentially expressed in ruptured and unruptured intracranial 
aneurysms (ICAs) 

B. Zheng1, D. Khan1, X. Li1, H. Zhou1, S. Alpdogan1, A. C. Nickel1, K. Li1, R. Zhang1, J. F. Cornelius1, D. Hänggi1, S. 
Muhammad1 
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Objective 

lncRNA NEAT 1 contributes to the regulation of oxidative stress, inflammation, cell proliferation, migration, 
phenotypic transformation via instructing gene expression. These processes are closely involved in 
pathophysiology of vascular diseases including atherosclerosis, hypertension, formation and rupture of 
intracranial aneurysms. In response to vascular injury vascular smooth muscle cells switch from contractile to 
proliferative phenotype thereby contributing to vascular repair. Recently, NEAT1 expression has been shown to 
control the phenotype switch of vascular smooth muscle cells contributing to neointima formation. Role of 
NEAT1 in intracranial aneurysms (ICA) is unexplored. This study was planned to investigate the expression, and 
clinical significance of NEAT1 in ICAs. 

Methods 

We collected specimens of ruptured and unruptured ICAs during the microsurgical clipping (n=5).  Samples of 
superficial temporal artery were collected as controls. Using NucleoZOL, total RNA was extracted and then 
reverse transcribed to cDNA. Quantitative real-time PCR (qRT-PCR) analysis was performed to quantify the 
expression levels of NEAT1 that was then normalized to housekeeping gene (β-actin). SPSS software was used to 
analyze the data. 

Results 

NEAT1 expression was slightly increased in unruptured intracranial aneurysms as compared to healthy superficial 
temporal artery showing probably a measure of enhanced proliferative activity after vascular injury. 
Interestingly, NEAT1 expression was significantly lower in samples from ruptured ICAs as compared to 
unruptured ICAs. The relative expression to housekeeping gene (β-actin) was quantified (mean±SE) in three 
groups and compared using one way ANOVA (control=1.15±0.54 fold, ruptured ICAs=0.40±0.17 fold, unruptured 
ICAs=1.81±0.85 fold, p< 0.05). 

Conclusion 

NEAT1 expression was significantly lower in ruptured ICAs as compared to the unruptured ICAs. NEAT1 might be 
required in neointimal formation and repair of ICA wall. Further investigation with cell specific markers and in 
vivo studies are necessary to find the exact role of NEAT 1 in pathophysiology of ICAs. 
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Hörverlust bei erwachsenen Ratten: Einfluss auf Verhalten und neuronale Aktivität im präfrontalen Kortex 
Effect of hearing loss in adult rats – behavioural testing and electrophysiological recordings in the prefrontal 
cortex 

M. Johne1, S. Helgers1, M. Alam1, P. Hubka2, J. K. Krauss1, V. Scheper3, A. Kral2, K. Schwabe1 

1Medizinische Hochschule Hannover, Neurochirurgie, Hannover, Deutschland 
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Objective 

In adults, hearing loss is regarded as an independent risk factor for the development of dementia. Deficits 
cannot be explained primarily by dysfunctional neuronal networks within the central auditory system. We here 
tested the impact of hearing loss in adult rats on motor, social and cognitive function. Furthermore, potential 
changes in the neuronal activity in the medial prefrontal cortex (mPFC) was evaluated. 

Methods 

In adult male Sprague Dawley rats hearing loss was induced under general anaesthesia with intracochlear 
injection of neomycine (n=9). Sham-operated (n=4) and naïve rats (n=8) served as controls. Postsurgical auditory 
brainstem response (ABR) -measurements verified hearing loss after intracochlear neomycine-injection, 
respectively intact hearing in sham-operated and naïve controls. In intervals of eight weeks and up to nine 
months after surgery rats were tested for locomotor activity (open field) and coordination (Rotarod), for social 
interaction and preference, and for learning and memory (4-arms baited 8-arms radial maze test).  In a final 
setting, electrophysiological recordings were performed in the mPFC. 

Results 

Locomotor activity did not differ between deaf and control rats, whereas motor coordination on the Rotarod 
was disturbed in deaf rats (n<0.05). Learning the radial maze test was initially disturbed in deaf rats (p<0.05), 
whereas longitudinal testing every eight weeks did not show long-term memory deficits. Social interaction was 
also not affected by hearing loss. Final electrophysiological recordings in anaesthetized rats revealed reduced 
firing rates and enhanced irregular firing, as well as reduced oscillatory theta band activity (4-8 Hz) in the mPFC 
of deaf rats as compared to normal hearing controls (n<0.05). 

Conclusion 

Behavioral deficits together with altered neuronal activity in the mPFC after heraring loss indicate effects on 
neuronal networks outside the central auditory system with potential consequences on cognitive function. 
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Von Euler zum Neocortex – Das Potential Graphen-Analytischer Ansätze zur Charakterisierung von 
Elektrophysiologischen Eigenschaften humaner Cortex-Hirnschnittkulturen 
From Euler to the Neocortex – The potential of graph analytical approaches to characterise electrophysiological 
network properties of human cortical brain slice cultures 
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Objective 

Micro-electrode array (MEA) technique offers a possibility to record massive parallel electrophysiological 
potentials with spatial resolution. Thus, MEA recordings can be leveraged to investigate for network properties 
of brain slice cultures which could provide novel insights into the electrophysiological pathogenesis of epilepsy 
or tumour growth. However, the huge extent of the detected data makes analysis challenging and most 
published articles using MEAs only concentrate on general parameters including firing rate, number of active 
channels, or interspike-interval distribution. Here, we use graph analytical tools to describe connections of 
spatially distant areas of human organotypic neocortical slice cultures. 

Methods 

Spare tissue from resective epilepsy or tumour surgeries were cultured as organotypic cortical brain slice 
cultures. MEA recordings were obtained using a 256-MEA with either artificial or human cerebrospinal fluid 
(aCSF/hCSF). Custom Python scripts were used for data analysis. The main libraries for our network analytical 
approach include Numpy, Scipy, and Networkx. Spike times were extracted using a mean absolute deviation 
threshold-based approach without spikesorting. For each of the 252-recording channels, we then identified 
bursting episodes using an adaptive threshold. We then created a graph with each node equaling one MEA 
channel and each edge referring to shared bursting events. We then calculated the degree centrality, which is a 
metric for the number of connections a node has within a network that can be used to identify functional hubs 
within the anatomy. 

Results 

Channels with a high degree centrality were identified in all neocortical layers. Network properties changed 
depending on the used medium suggesting adaptive properties and possibly underlying subnetworks. Thus, hCSF 
led to an increase in degree centrality in Layers 2, 3, and 4. Further, novel nodes could be identified in hCSF that 
were not present in aCSF. 

Conclusion 

Using MEA technology to investigate human organotypic brain slice cultures offer a powerful tool for the 
identification and characterization of functional networks and their alterations in pathological conditions. Graph-
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theoretical approaches could prove as a useful extension of the analytical armoury, which allows deciphering not 
only spatially static but also directionally dynamic network properties and thus leveraging the possibility to 
examine the spread of ictal activity or tumour growth. 
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60 Hz bipolare Stimulation zur Identifikation des M1 bei Patienten mit infiltrierenden Hirntumoren 
60 Hz bipolar stimulation for identification of M1 in patients with infiltrating brain tumours 
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Objective 

Identification of the motorcortex (M1) via monopolar stimulation is the essential and commonly used technique 
for motor function preserving resection in infiltrating tumors compromising the area of M1 in the asleep setting. 
However, due to the widespread electrical fields of monopolar stimulation technique, results are not always 
distinctive enough and can lead to ambivalent results e.g. two gyri are tested positive with similar current. In 
those cases we employed the more localized electrical fields induced by bipolar 60 Hz stimulation in asleep 
patients. 

Methods 

We screened all surgeries performed for resection of supratentorial tumors using any direct cortical stimulation 
(monopolar and or bipolar stimulation) between 01/19-09/21 (n=324) for cases in which M1 could not be clearly 
identified via monopolar cortical stimulation according to surgical notes and monitoring protocol. Data were 
screened for localization of cerebral lesion, awake vs. non-awake, stimulation parameters and occurrence of 
seizures. Response to bipolar stimulation was determined by EMG or visible motor response. 

Results 

We identified 5 subjects (1.5%) in whom monopolar stimulation could not explicit or at all identify M1. 4 patients 
had lesions located in the right hemisphere, 3 of them included parietal or fronto-parietal lobe lesions, one 
lesion was located fronto-temporal. One patient suffered from a left parietal lesion. 80% (n=4) of the patients 
were planned for awake surgery but were not yet awake at stimulation. Additional 60 Hz bipolar stimulation 
identified M1 in all patients. However, in one patient 60 Hz stimulation induced a focal seizure. Mean current 
used for monopolar stimulation was 7 mA, for bipolar stimulation 2.6 mA. 

Conclusion 

Bipolar 60 Hz stimulation might be helpful for identification of M1 in cases of indifferent monopolar stimulation 
results. 
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Elektrophoretische Beschichtung von Elektroden mit Platin-Neuropartikeln reduzieren und stabilisieren die 
Impedanz in vitro und in vivo in einem Rattenmodell während der tiefen Hirnstimulation 
Electrophoretic coating of electrodes with platinum nanoparticles reduces and stabilises impedance during deep 
brain stimulation in vitro and in vivo in a rat model 

S. Angelov1, V. Ramesh2, C. Rehbock2, H. E. Heissler1, M. Alam1, K. Schwabe1, S. Barcikowski2, J. K. Krauss1 
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Objective 

Electrodes for neural stimulation and recording are used for the treatment of neurological disorders, including 
deep brain stimulation (DBS). Their features critically depend on impedance and interaction with brain tissue. 

Methods 

Platin-iridium electrodes were coated using pulsed-DC electrophoretic deposition of laser-generated platinum 
nanoparticles (PtNPs). Uncoated electrodes served as controls. Impedance of the electrodes was measured 
before and after surface coating. For the in-vitro study the effect of four weeks electric stimulation on electrode 
impedance was measured in 0.9% NaCl solution. For the in-vivo study electrodes were bilaterally implanted in 
the subthalamic nucleus (STN) of rats (n=8) with coated electrodes implanted in the left and uncoated 
electrodes in the right hemisphere. After two weeks of postoperative recovery the animals received chronic 
stimulation for four weeks and impedance was assessed after each stimulation week. 

Results 

Coating with PtNP significantly reduced electrode impedance (p<0.05). In vitro stimulation of four weeks did not 
affect impedance of coated electrodes. Only initially after intracranial implantation into the STN, the impedance 
of coated electrodes was enhanced, but returned to reduced values during four weeks stimulation. Both in-vitro 
and in-vivo coated electrodes showed lower impedance fluctuations during stimulation than uncoated 
electrodes (p<0.05). 

Conclusion 

Pulsed-DC electrophoretic deposition of laser-generated PtNPs leads to reduced impedance and improved 
electrode impedance stability, which may stabilize the long-term performance of DBS. 
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Wirkung von Osteocalcin auf die neuronale Stammzellen (ReNcell VM) 
The effect of Osteocalcin on the ReNcell VM neural stem cell 
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Objective 

The undercarboxylated (un) osteocalcin (OC), form of osteoblasts derived OC, crosses the blood-brain barrier 
and binds to the neurons of brainstem, midbrain and hippocampus. Maternal OC crosses the placenta and 
prevents neuronal apoptosis in embryo. Injection of unOC improved the behavioral dysfunction in 6-
hydroxydopamine-induced Parkinson"s diseases rat model. Even though the wide range of unOC actions have 
been shown, the unOC function is not completely understood. Here we asked if the unOC has an effect on neural 
stem cells. 

Methods 

The ReNcell VM cells were incubated without the growth factors and unOC was added in concentration of 10 or 
30 ng/µl and cells were incubated for 0, 3, 5, or 7 days. At each of these days, RNA was isolated and RT-PCR was 
used to detect the changes in mRNA level of following genes: NANOG, VMAT2, Gad2, GFAP, NR4A2, PAX6, SOX2, 
TIMP2, TUBB3, UCHL1, Nestin, RbAp48. Western blot analysis was performed to verify the changes in protein 
level. 

Results 

Treatment of the cells with 10 or 30ng/µl of unOC for 5 days increased transcription of the human NANOG 
(Nanog Homeobox) gene significantly (*p<0.05). Additionally, VMAT2 (Vesicular Monoamine Transporter 2) was 
increased by addition of 10 ng/µl of unOC on day 5 (*p<0.05). 

Conclusion 

Here we showed that unOC influences the transcription of VMAT2 and NANOG. If this influence is direct or 
indirect is not known yet. We speculate that, OC role for the control of neuronal apoptosis in embryo could be 
by controlling the transcription of VMAT2. If unOC is required for NANOG"s function in the acquisition of 
pluripotency has yet to be clarified. 
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Gangstörungen bei M. Parkinson nach tiefer Hirnstimulation: Eine ventrokaudale Ausrichtung von "sweet" und 
"sour spots" im Nucleus subthalamicus? 
Gait alterations in Parkinson's disease after deep brain stimulation – A ventrocaudal arrangement of "sweet" and 
"sour spots" within the subthalamic nucleus? 

R. Nickl1, A. Großmann1, H. ElDeBakey2, J. Roothans3, I. Isaias3, F. Lange3, P. Fricke1, C. Matthies1, J. Volkmann2, 
M. Reich2 
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Objective 

Impairment of mobility by gait disturbances is a common clinical problem in Parkinson"s disease after bilateral 
deep brain stimulation of the subthalamic nucleus. We aimed to describe subregions of the subthalamic space 
where neurostimulation has a positive effect on gait or provokes gait disturbances in Parkinson"s disease. 

Methods 

Seventy-eight patients were classified according to postoperative changes in gait: (1) gait improvement, (2) no 
change, (3) de-novo gait disturbances. We performed a segregation analysis for (1) and (3) by simulating 
volumes of tissue activated and comparing aggregated spatial data for the two groups. We also calculated a 
probability map of therapy effects on gait. 

Results 

Twenty patients experienced complete remission of presurgical gait problems after STN-DBS. Nine patients 
showed de-novo gait disturbances one year after implantation. We observed no differences in stimulation 
parameters and control of global motor symptoms between groups. Active contacts were more ventrally located 
for de-novo gait disturbances vs. gait improvement. Strong correlations were found between clinical alterations 
in gait and the individual stimulation volume within the probabilistic outcome atlas (R2=0.78; p=0.01). The 
heatmap allowed patients to be notified of the likelihood to experience long-term gait benefits based on their 
volume of tissue activated overlap. 

Conclusion 

Distinct areas within the subthalamic nucleus correlate with gait improvement vs. de-novo gait disorders after  
neurostimulation. Our heatmap model showed a high correlation for therapy outcomes, especially gait 
improvement. Interestingly, the concept of sweet spots or bad spots could not explain individual differences. 
The thin delineations between close substructures in the subthalamic nucleus correlated with individual changes 
in gait. The gait heatmap model may direct future re-programming approaches for more mobility in Parkinsonian 
patients. 
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Netzwerk-Konnektivität für die Verbesserung von Freezing of Gait nach tiefer Hirnstimulation des Nucleus 
subthalamicus 
An effective connectivity profile for reducing freezing of gait after subthalamic nucleus stimulation 
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Objective 

Freezing of gait (FOG) is among the most common and disabling symptoms of Parkinson's disease (PD). While 
the efficacy of deep brain stimulation (DBS) of the subthalamic nucleus (STN) has been proven in large 
randomized, controlled trials, its effect on FOG is still insufficiently understood. Moreover, there is uncertainty 
about pathways that need to be modulated to improve FOG. This retrospective analysis aimed to investigate 
whether STN-DBS effectively reduces FOG postoperatively and whether structural connectivity to cortical and 
subcortical areas of the stimulated tissue predicts outcome. 

Methods 

47 subjects with PD and preoperative FOG were investigated. Freezing prevalence and severity were assessed 
using the Freezing of Gait Questionnaire (FOG-Q) and Item 14 of the Unified Parkinson's Disease Rating Scale-II. 
We reconstructed electrode localisation and volume of tissues activated (VTAs) for each patient using the Lead-
DBS software. By overlapping the patients individual VTAs with a publicly available model of basal-ganglia 
pathways we determined a stimulation-dependent connectivity profile for postoperative changes in FOG. 
Additionally, a ROI analysis of this connectivity profile to a priori defined mesencephalic locomotor regions was 
performed.  

Results 

FOG significantly improved six months postoperatively, marked by reduced frequency and duration of freezing 
episodes. Optimal stimulation sites for improving freezing of gait structurally connected to primary and 
supplementary motor areas, the dorsolateral prefrontal cortex and to the globus pallidus internus. Stimulation of 
the lenticular fasciculus was associated with worsening of FOG. This connectivity profile was robust in a leave-
one-out cross-validation. Subcortically, stimulation of fibres crossing the pedunculopontine nucleus (PPN) and 
the substantia nigra (SN) correlated with postoperative improvement of FOG. 

Conclusion 

STN-DBS can alleviate FOG severity by modulating specific circuitries associated with cognitive and motor 
function. While no significant association with clinical and demographic characteristics could be found, this 
connectivity profile was predictive of postoperative changes in FOG. 
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Tiefe Hirnstimulation des Nucleus subthalamicus induziert eine dauerhafte Inhibition des serotonergen Systems 
via Verlust der zellulären Phenotyp 
Deep brain stimulation of the subthalamic nucleus induces a sustained inhibition of the serotonergic system via 
loss of cell phenotype 

S. K. H. Tan1,2, F. Alosaimi2, Y. Temel2, S. Hescham2, V. Witzig3, A. Jahanshahi2 
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Objective 

Deep brain stimulation (DBS) of the subthalamic nucleus (STN) has become a routine surgical treatment in 
Parkinson's disease (PD). Some patients experience debilitating psychiatric side-effects. There is no consensus on 
the mechanisms underlying mood changes in DBS patients. Recent research has revealed that external stimuli 
can alter neurotransmitter homeostasis in neurons, which is known as "neurotransmitter respecification". We 
addressed if this could be a mechanism by which STN DBS suppresses the serotonergic (5-HT) function in the 
dorsal raphe nucleus (DRN) and causes behavioural alterations. 

Methods 

We used transgenic ePet-Cre mice that allowed selective investigation of DRN 5-HT neurons by expression of 
yellow fluorescence protein as well as the calcium (Ca2+) indicator GCaMP6s. A parkinsonian model was 
generated by methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) administration. Mice received bilateral STN 
DBS electrodes for long-term in vivo stimulation. Behavioural assessments, in vivo fiber photometry and post-
mortem immunohistochemistry for tryptophan hydroxylase-2 (TPH2) expression, the rate limiting enzyme in 5-
HT synthesis, were performed. 

Results 

MPTP treated mice demonstrated a behavioral and histological PD phenotype, with static and dynamic gait 
impairments (e.g. reduced speed and increased stance) and significant loss of dopamine neurons in the 
substantia nigra pars compacta (-60%; p<0.05). STN DBS animals exhibited behavioural despair with an increased 
immobility time (139.6 ± 14.4 sec) in the forced swim test compared to sham stimulated animals (88.9 ± 15.1; 
p<0.05). In vivo fiber photometry showed significant reduced Ca2+ signaling in the DRN during STN DBS (p<0.05). 
Stereological cell count of double labelled 5-HT neurons for yellow fluorescent protein and TPH2 revealed a 
significant decrease in cell numbers in STN DBS treated mice compared to sham controls in parkinsonian 
(1670±144 vs 712±50) and naïve groups (1590± 141 vs 518±83; p<0.05). 

Conclusion 

Altogether STN DBS resulted in behavioural despair with simultaneous reduced Ca2+ signaling and loss of 
immunohistochemical expression of 5-HT neurons in the DRN. Since Ca2+ signaling is crucial in mediating 
neurotransmitter respecification and long-term STN DBS resulted in a loss of 5-HT phenotype, neurotransmitter 
respecification may be a mechanism that contributes to the effects of DBS therapy. 
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Tiefe Hirnstimulation bei Tourette-Syndrom: eine systematische Übersicht der zielspezifischen Effekte nach 
thalamischer und pallidaler Stimulation 
Deep Brain Stimulation for Tourette syndrome – a systematic review of target-specific effects after thalamic and 
pallidal stimulation 

L. Wehmeyer1, P. Heiden1, V. Visser-Vandewalle1, P. Andrade1 
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Objective 

To review the existing literature and analyze the clinical effects of deep brain stimulation (DBS) for Tourette 
syndrome (TS). In particular, we aim to evaluate if DBS can effectively reduce symptoms in TS patients and to 
evaluate if the stimulation of different anatomical targets results in different clinical outcomes. 

Methods 

We performed a systematic review following the PRISMA guidelines. A search using PubMed was performed to 
identify all the existing literature on DBS in TS patients. The Yale Global Tic Severity Scale (YGTSS) served as 
primary outcome measure, while the secondary outcome measures included assessments of obsessive-
compulsive (Yale-Brown Obsessive-Compulsive Scale; YBOCS) and affective symptoms (Becks Depression 
Inventory; BDI). Presurgical and postsurgical scores (T1: ≤ 6 months; T2: ≤ 12 months; T3: >12 months) were 
compared using a Wilcoxon signed-rank test. For comparison of targets, subgroup analyses were performed 
using Kruskal-Wallis tests. In case of significant results, post-hoc tests were conducted and Bonferroni-corrected 
for multiple comparisons. 

Results 

65 studies with 376 patients were included in the analysis (n=96 CM-Voi, n=59 CM-Pf, n=100 amGPi and n= 81 
pvlGPi. YGTSS scores for all targets combined were significantly reduced at maximum follow-up(p<.001). The 
majority of patients (69.4%) experienced a significant reduction of at least 50% of their symptoms. Post-hoc tests 
revealed that median YGTSS scores decreased significantly over time. Regarding the secondary outcome 
measures, YBOCS and BDI were significantly lower at maximum follow-up for all targets combined (p<.001). 
Stimulation of all targets (CM-Voi, CM-Pf, amGPi, and pvlGPi) resulted in a significant global YGTSS reduction 
after up to 12 months (all p<.001). The improvement in YGTSS scores is not the same across the four targets. For 
instance, tic reduction was significantly smaller for CM-Pf compared to amGPi and pvlGPi, while pvlGPi resulted 
in significant lager tic reduction rates compared to CM-Voi. Similarly, absolute change scores of the YBOCS at 
maximum follow-up revealed significant differences between targets. 

Conclusion 

DBS is a clinically effective therapy option for patients with treatment-refractory TS. All four targets showed 
slightly different but comparable improvement rates in not only tic-related symptoms as well as comorbid OCD 
and affective symptoms in TS patients. Moreover, the beneficial effects of DBS seem to increase over time. 
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Tiefe Hirnstimulation des Pallidums für generalisierte Dystonie bei TPI-1 Mutation 
Pallidal deep brain stimulation for generalised dystonia secondary to TPI1 compound heterozygous mutation 
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Objective 

The TPI1 gene encodes the enzyme triosephosphate Isomerase, which plays an important role in the glycolytic 
pathway. Homozygote or compound homozygote mutations of the gene may result in haemolytic anaemia, 
muscle weakness, hyperkinetic or dystonic movements, and immunodeficiency. Symptoms typically manifest in 
early childhood and affected individuals have a drastically shortened life span. Thus far, there is no published 
experience in patients presenting with severe generalized dystonia. 

Methods 

We present the case of a 22-year-old man with a compound heterozygous mutation of the TPI-1 gene 
(c.728G>C, c.350G>A), suffering from severe generalized dystonia. He had pallidal deep brain stimulation (DBS) 
at age 16 performed at another institution. 

Results 

Pallidal DBS (performed at another institution) led to initial improvement of symptoms with almost complete 
remission. At age 19, symptoms re-occurred and could not be managed by adaptation of stimulation settings. At 
age 22 he first presented with severe generalized dystonia, including oropharyngeal muscles. Gait was markedly 
impaired due to dystonic movements of the legs and trunk. The Burke-Fahn-Marsden Dystonia Rating Scale 
(BFM) was 86 points. 

Conclusion 

This is the first case of TPI1 associated dystonia treated with pallidal DBS reported so far. Further, this is one of 
few patients with TPI1 mutation surviving up to age 22. While our patient initially responded well to DBS, it 
remains unclear why disease progress occured one year after implantation, especially taking into account that 
there were no structural brain alterations detectable in MR imaging. The assumption of an underlying 
accumulation of dysfunctional protein aggregates, as suggested by Orosz et al., might give a possible 
explanation. This case highlights the still poorly understood role of genetic testing in DBS treatment for dystonia. 
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Optimale STN-THS Elektrodenkontakte – Unterschiede während und nach neurochirurgischer Implantation und 
Implikationen für das weitere Management und Outcome 
Best STN DBS lead contacts – differences during and after surgery and implications for management and 
outcome 
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Objective 

While deep brain stimulation is a well-established treatment for Parkinson"s Disease, there are still multiple 
factors of discussion on its best performance, especially fhe value of awake DBS to guide the implantation 
process. Intraoperative assessment of symptom control and side effect threshold are considered the gold 
standard for the decision of the final trajectory. Here we focus on a retrospective analysis of prospectively 
collected data of intraoperative and post-operative best active contacts at one year follow up and related 
volume of tissue activated (VTA) models. 

Methods 

We analyzed 46 patients (15 female) with 92 STN leads who received STN-DBS between 2014-2018. The 
intraoperative best active contact was defined as the contact with the lowest current amplitude to achieve 
maximum therapeutic effect. To determine intraoperative stimulation location, semi-macro-test stimulation 
settings were applied to Guide XT software after fusion of the individual MRi and postoperative CT scan. The 
same procedure was repeated for the stimulation settings used one year after implantation. 

Results 

96 intraoperative and 96 postoperative leads and VTAs were calculated. Average AC-PC coordinates for the best 
intraoperative contact were 12.4/2.9/3.1mm (lat./post./inf.) and 12.7/2.2/2mm for the one year follow up. 
Average vector distance was 2.4mm between intraoperative best contact and chronically used contact (range 
0.2 – 7.7mm). The distance between centers of gravity of intra- versus postoperative VTAs did not show any 
correlation with motor outcome. 

Conclusion 

Our findings show a significant location difference between the best contact at intraoperative stimulation and 
the best active contact at one year follow up. VTA-modelling showed no correlation for the therapeutic effect 
and the overlap of intra- and postoperative VTAs. Since intraoperative testing is mostly limited to rigidity 
assessment, a more inferior/ caudal stimulation could selectively detect best rigidity control but not achieve the 
full scope of mobility improvement by STN-DBS. Interestingly, center of gravity for groups lied within the 
delineations of former published sweet spots. In view of the presented results, for the implantation procesdure 
of directional leads, the placement of one directional pole 1-2mm superior to the best intraoperative spot 
appears advisable.   
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Postoperative Hypodensitäten als Reaktion auf Elektrodenimplantationen bei tiefen Hirnstimulationseingriffen: 
eine Untersuchung an 61 Patienten 
Frequency and risk factors for postoperative symptomatic or asymptomatic edema surrounding the leads for 
chronic deep brain stimulation 
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Objective 

The implantation of electrodes into basal ganglia nuclei for deep brain stimulation (DBS) has become a routine 
technique in the treatment of movement disorders. Postoperative CT- or MRI-imaging to verify correct lead 
placement and to exclude surgical complications may show edema around the implanted electrodes from 
cortical entry to subcortical regions either clinically asymptomatic or symptomatic. The knowledge of risk factors 
and pathomechanisms of such edema is mandatory as symptomatic edema may lead to prolonged postoperative 
recovery and hospitalization. 

Methods 

We quantified eventual intracerebral edema on day 0 or day 1 postoperatively determined CT- or MRI-scans in 
61 consecutive movement disorders patients implanted with DBS electrodes in our department. The implanted 
lead type (manufacturer, ring or directional electrodes), surgical incidents, total operating time, brain side for 
initial lead implantation and the number of microelectrodes used for evaluation of the target region were 
hypothesized as potential risk factors for postoperative edema. 

Results 

In all patients, leads and DBS systems were implanted without intraoperative incidents. In 14 of 61 patients 
(23%) postoperative edema was detected in postoperative CT- and /or MRI-scans. Operating time, brain side for 
initial implantation, and the number of microelectrodes did not differ to the patient group without peri-lead 
intracerebral edema. Edema occurred with directional more frequent as conventional ring electrodes. The 
maximum of edema volume was about 5 cc (range 0.3 to 19.6 cc) mostly manifesting unilaterally. 25% of the 
patients with edema were symptomatic showing apathy and reduced alertness resulting in prolonged recovery 
and hospitalization but were still symptomatic at day of discharge from the hospital. Some patients received 
dexamethasone. All edema were self- limiting in control images.  

Conclusion 

In our small monocentric patient cohort, transient postoperative symptomatic intracerebral peri-lead edema 
after basal ganglia implantation of electrodes for DBS in movement disorders was of relatively small frequency 
but clinically relevant due to potentially harmful symptoms and prolonged hospitalization. A specific risk factor 
could be directional leads. This should be investigated in larger cohorts for further verification. 
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Eine neue Technik für stereotaktisch geführte Bohrlochtrepanationen vereinfacht den Arbeitsablauf bei 
stereotaktischen Operationen 
A new technique for stereotactically guided burr whole trepanantion simplifies the workflow of stereotactic 
surgery 
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Objective 

Stereotactic procedures usually require burr whole trepanation. To date, there is virtually no CE-certified drilling 
system that can be integrated into a stereotactic apparatus and thus permits stereotactically guided 
trepanations. Thus, free-hand burr whole trepanation are still the standard of care and often require time-
consuming osteoclastic expansions. 

Methods 

We developed a novel drill (HiCUTTM, Adeor) which can be picked up by a standard cordless screwdriver (Colibri 
IITM, DePuy Synthes) and a novel guide sleeve (Instrument guide ID:10mm RM rail holder, Inomed) which can be 
easily integrated into a stereotactic system (RM-System, Inomed). This setup allows the stereotactic guidance of 
the drill. An unpaired t-test and chi-square test was used to compare the stereotactically guided trepanation 
(SGT) with freehand trepanation (FHT) using a trepane (Meridian classicTM, Adeor) in terms of time for 
trepanation, time from trepanation to dura incision, and if additional surgical measurements (osteoclastic 
expansion, hemostasis) were necessary. 

Results 

Overall 84 trepanations (SGT: n=27, FHT=57) for stereotactic biopsies were observed. The mean time for 
completing the burr whole was 58 s ± 36 and showed no difference between both groups (p=0.485). The mean 
time until dura incision was significantly (p=0.018) reduced when using SGT (FTH: 304 s ±170 vs SGT: 136 s ± 89). 
Additional osteoclastic expansion was frequently necessary in the FHT group (81% (n=46) vs 3.7%, (n=1), 
p<0.001). Similar results were observed for hemostasis which was significantly less necessary in the SGT group 
(71% (n=41) vs 40%, (n=11), p=0.006). We did not observe any differences between specialists and trainees for 
all these parameters. 

Conclusion 

SGT significantly shortens the time until dura opening compared to FHT. Additionally, time-consuming 
hemostasis and osteoclastic expansions are no longer necessary when using SGT. Furthermore, SGT seems to be 
successfully applied regardless of the surgeon`s level of training. 
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Durch Schmerzreduktion über Gamma Knife Radiochirurgie hervorgerufene strukturelle kortikale 
Veränderungen bei Trigeminusneuralgie 
Pain-relief related structural cortical alterations in trigeminal neuralgia induced by Gamma Knife radiosurgery 
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Objective 

Recent studies on trigeminal neuralgia (TN) have shown that cortical changes, especially in the pain matrix, are 
common in TN patients, which leads to the question whether these alterations are reactive or contribute to the 
etiology. Although there are a several studies that have investigated structural brain plasticity in TN with MRI-
based Voxel-based-Morphometry (VBM), only few have focused on the reversibility of these changes due to 
treatment. As Gamma Knife (GK) radiosurgery (RS) is an established therapeutic option in TN, it was our goal to 
examine its effects on cortical structures. 

Methods 

We acquired T1-MPRAGE MRI scans of 25 patients with TN (16 women; mean age 66.7 y) prior to and after GK 
RS. The Barrow Neurological Institute (BNI) score was applied as an index of therapy induced pain relief. Using 
the CAT12 toolbox in SPM12, MRI images were segmented to assess each individual"s grey matter segments, 
modulated using the DARTEL algorithm and finally smoothed. We conducted a regression analysis between the 
differences in gray matter segments (post minus pre GK RS) and the reduction in the BNI scores. A family-wise-
corrected cluster level at p=0.05 indexed significance. Anatomic labeling of significant clusters was done with the 
anatomy toolbox in SPM12. 

Results 

Almost all patients (23/25) benefited from the GK RS (BNI score reductions from 0.12 +/- 0.33 to 2.32 +/- 1.02). 
Regression analysis showed a significant association between the reduction in BNI scores and a gain of gray 
matter density in the left dorsolateral prefrontal cortex (DLPFC) [p=0.001], the left lingual gyrus [p=0.017], the 
right precentral gyrus (PCG) [p=0.014], and the left cerebellum [p=0.000]. We found no significant BNI-related 
reductions in gray matter density. 

Conclusion 

GK RS in TN induces structural plasticity in several clusters: the DLPFC has long been implicated in executive 
control and the lingual gyrus promotes higher-order visual processing, whereas the PCG and the cerebellum are 
involved in motor control and execution. If a gain in gray matter density reflects gain in function, our findings 
suggest that GK RS induced pain-relief is associated with an improvement in executive, sensory and motor 
functioning, possibly because less distracting pain requires less top-down control. Since the obtained BNI-related 
brain plasticity occurred in the same brain regions as previously identified in TN patients, our findings further 
suggest that some of the cortical changes in TN might be reversible. 
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Auswirkungen des Beginns, der Dauer und des Schweregrads einer Anämie auf das Ergebnis einer 
aneurysmatischen Subarachnoidalblutung 
Impact of beginning, duration, and severity of anemia on the outcome of aneurysmal subarachnoid haemorrhage 
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Objective 

The clinical course after acute aneurysmal subarachnoid hemorrhage (SAH) is often associated with anemia. 
Although previous reports based on small case series indicated a negative impact of anemia on SAH outcome, 
there are still no specific recommendations on anemia management in SAH. We aimed to analyze the impact of 
post-SAH anemia on the patients" outcome.  

Methods 

All eligible SAH cases treated at our institution between 01/2005 and 06/2016 were included in this study 
(n=598). Severity of anemia was assessed according to the documented nadir hemoglobin [nHB] level at one-
mg/dL-steps intervals (<11/<10/<9/<8/<7 mg/dL). In addition, begin (time after ictus) and duration of each level 
of anemia severity were also documented. Study endpoints were the occurrence of: 1) delayed cerebral 
ischemia (DCI) and 2) multi-territorial infarcts on the follow-up computed tomography scans, 3) in-hospital 
mortality, and 4) poor outcome at 6 months post-SAH defined as a modified Rankin scale >3. The associations 
between the severity of anemia and the study endpoints were adjusted for patients" age, sex, initial severity of 
SAH (WFNS / Fisher grades and acute hydrocephalus), treatment modality, duration of hospital stay, 
development of ICP increase >20 mmHg, and angiographic vasospasm. 

Results 

The rates of anemia were 85.8%, 70.7%, 42.3%, 16.5% and 4.7% for the nHB of 11/<10/<9/<8/<7 mg/dL 
respectively. In the multivariable analysis, the risk of DCI increased with each level of nHB decline (<10 – <7 
mg/dL). For the risk of multi-territorial infarcts, in-hospital mortality and poor outcome at 6 months, 
independent associations were observed with increasing anemia severity (nHB <9 – <7 mg/dL). The beginning of 
anemia (nHB <11 – <9 mg/dL) was inversely associated with the risk of in-hospital mortality. In the ROC analysis, 
the duration of anemia at nHB values between <10 and <9 mg/dL showed the highest diagnostic accuracy for 
prediction of all study endpoints, with the clinically relevant cutoffs between days 1 and 2. 

Conclusion 

Occurrence, and particularly, the severity of anemia is a major contributor to the outcome of SAH patients. nHB 
decline to <9 mg/dL was strongly associated with all study endpoints. Also, the DCI risk already increased at a 
nHB of <10 mg/dL. SAH patients with an early occurrence of anemia are prone to shorter survival. 
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Anämie bei Patienten mit Subarachnoidalblutung: Ein systematischer Review und Meta-Analyse 
Anemia in patients with subarachnoid haemorrhage – a systematic review and meta-analysis 

M. Said1, M. Gümüs1, M. Chihi1, T. F. Dinger1, M. Darkwah Oppong1, P. Dammann1, K. H. Wrede1, U. Sure1, R. 
Jabbarli1 

1Universitätsklinikum Essen, Klinik für Neurochirurgie und Wirbelsäulenchirurgie, Essen, Deutschland 

Objective 

 Anemia is common in patients with aneurysmal subarachnoid hemorrhage (SAH) and has been reported to be 
associated with poor outcome. As there are still no guidelines for anemia management after SAH, we intended 
to analyze the evidence in the literature on the risk factors for occurrence and clinical impact of post-SAH 
anemia. 

Methods 

We systematically searched PubMed, Embase, Scopus, Web of Science, and Cochrane Library for publications 
before Dec 1st, 2021, reporting on anemia in SAH patients. The presence and severity of anemia were assessed 
according to the reported hemoglobin values and/or institutional thresholds for red blood cells transfusion 
(RBCT). 

Results 

Of 1755 original records, 34 full-text articles with 8387 patients treated between 1996 and 2020 were included 
in the final analysis (mean: 287.2 patients/study). Almost half of the patients (mean: 49.1%, range: 32%-82.6%) 
developed anemia during SAH. RBCT was performed in 33.6% of the cases, with institution-dependent 
transfusion thresholds ranging between 7.0 and 10.0 g/dL (mean: 8.4 g/dL). Independent associations with the 
risk of cerebral infarcts, in-hospital mortality and poor outcome were repetitively reported for the nadir 
hemoglobin values ≤10.0 g/dL. Moreover, patients with anemia and/or RBCT were at higher risk for cerebral 
vasospasm, hydrocephalus, epileptic seizures, infectious complications, and longer hospital stay. Female sex, 
higher initial clinical and radiographic severity of SAH and aneurysm clipping were the most consistently 
reported risk factors for post-SAH anemia. 

Conclusion 

Due to predominantly restrictive RBCT practices in most neurovascular centers, every second SAH patient 
develops anemia. The decrease in Hb becomes relevant starting from a hemoglobin level of 10.0 g/dL. Our 
findings underline the need for a prospective randomized controlled trial comparing the risks and benefits of 
restrictive and generous RBCT policies in SAH patients. 
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Clustering von Serum-Biomarkern, die an Komplikationen nach Subarachnoidalblutungen (SAB) beteiligt sind 
Clustering of serum biomarkers involved in post-subarachnoid haemorrhage (SAH) complications 
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Objective 

High dimensionality of clinical data, combined with usually low number of independent observations poses 
challenges for both classical statistical and artificial intelligence approaches. Here, we apply a clustering 
approach to identify serum biomarkers associated with the cerebral vasospasm (CVS). 

Methods 

Serum concentrations of 10 potential biomarkers including DAMPs (HMGB1, mitochondrial DNA gene fragments 
such as Cytochrome B (CytB), D-loop, and Cytochrome c oxidase subunit-1 (Cox-1)), pro- and anti-inflammatory 
cytokines (IL-6, IL-17, IL-23, IL-10, CCL5) and leukocytes for 80 SAH patients were recorded on day 1 after SAH, 
together with demographic and clinical data. Fourteen patients were excluded due to missing data. The ten 
biomarkers and the patient age were transformed using the Yeo-Johnson power transform and normalized to 
(μ=0, sd=1). The dataset was split into a training (43 patients) and a test set. Correlation heat maps were 
computed separately for the two subsets. Pairs of variables which showed inconsistent correlations in training 
and test, i.e. having opposing signs or differing by > 0.25, were excluded from further analysis. Clusters of 
relevant biomarkers were identified on the complete data as having correlations ≥ 0.25 and sharing at least 
three predictors, separately for patients who developed post-SAH CVS and those who did not. 

Results 

Among the patients who suffered CVS, CytB, Cox-1, D-loop and IL-23 formed one cluster with fair to moderately 
strong correlations. No such cluster could be observed among the patients who did not suffer from CVS. CytB 
and Cox-1 (gene fragments of the representative mtDNA genes) showed a very strong correlation (0.82), as 
could be expected. The other cluster, again only for the CVS group, contained IL-6, IL-10, age, and Hunt and Hess 
score, with only fair correlations among the biomarkers. The apparent weak negative correlations (r ≈ -0.3) in the 
cluster (CCL5, IL-6, age) on the complete set were not consistent over the test and the training subsets. 

Conclusion 

Different clusters of serum biomarkers in patients suffering from CVS after SAH compared to patients without 
CVS suggest that these biomarkers are probably involved in pathophysiological processes leading to CVS. 
However, due to high dimensionality of the data and relatively small number of observations, the possibility of 
random noise appearing as a pattern must be ruled out. Therefore, further detailed investigations with high 
number of patients are warranted. 
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Akutes Koronarsyndrom nach aneurismatischer Subarachnoidalblutung: Inzidenz, Risikofaktoren und Einfluss auf 
das Outcome 
Acute coronary syndrome after aneurysmal subarachnoid haemorrhage – incidence, risk factors and impact on 
the outcome 

S. Schroer1, M. Gümüs1, M. Said1, T. F. Dinger1, M. Chihi1, M. Darkwah Oppong1, P. Dammann1, K. H. Wrede1, U. 
Sure1, R. Jabbarli1 
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Objective 

Development of acute coronary syndrome (ACS) after aneurysmal subarachnoid hemorrhage (SAH) strongly 
impacts the neuro-intensive care management of the affected individuals. We aimed at analyzing the incidence, 
risk factors and clinical impact of ACS in SAH patients. 

Methods 

All consecutive SAH cases treated between 01/2003 and 06/2016 were retrospectively analyzed. Occurrence of 
ACS during 3 weeks of SAH was documented. Patients" demographic, clinical, radiographic and laboratory 
characteristics at admission were collected as potential ACS predictors. The association between ACS and SAH 
outcome was analyzed upon the occurrence of cerebral infarcts in the computed tomography scans, and 
unfavorable outcome (modified Rankin scale>3) at 6 months after SAH. Univariable and multivariable analyses 
were performed. 

Results 

ACS was documented in 3.3 % (28/855) of cases in the final cohort (mean age: 54.9 years; 67.8% females). In the 
multivariable analysis, there was a significant association between ACS with unfavorable outcome (aOR=3.43, 
p=0.027) and borderline significance with cerebral infarcts (p=0.066, aOR=2.5). The final prediction model for 
ACS occurrence included five independent predictors (age>55 years [1 point], serum sodium170 mg/dl [2 
points], serum creatine kinase>254 U/l [3 points] and gamma-glutamyl transferase>35 U/l [1 point]) and showed 
a high diagnostic accuracy for ACS prediction (AUC=0.879). Depending on the cumulative points value, the risk of 
ACS in the cohort varied between 0% (0 points) and 66.7% (10 points). 

Conclusion 

ACS is a rare, but clinically very relevant complication of SAH. Development of ACS can reliably be predicted by 
the presented prediction model which enables proper and early identification of SAH individuals at high risk for 
ACS. External validation of the prediction model is mandatory. 
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Prospektive Beobachtungsstudie zur IMMUnzell Subgruppen-Polarisierung in Blut und Liquor nach 
SubArachnoidalBlutung (IMMUSAB), eine Zwischenanalyse 
Prospective evaluation of IMMUne cell subgroup polarisation in blood and CSF after SubArachnoid Bleeding 
(IMMUSAB) – an interim analysis 

B. B. Hofmann1, D. Kahn1, D. Hänggi1, S. Muhammad1 

1Universitätsklinikum Düsseldorf, Klinik für Neurochirurgie, Düsseldorf, Deutschland 

Objective 

The understanding of the immunological processes in the phase after aneurysmal SAH is still insufficient. In-
depth knowledge about alterations of immune cell (sub) populations is largely unexplored. Specific immune cell 
subpopulations are crucial for the initiation, suppression, and/or maintenance of an inflammatory response. 

The aim of the present study is to investigate polarisation of immune cells in systemic circulation after 
subarachnoid hemorrhage in order to possibly link these changes with the occurrence of particular post SAH 
complications and clinical outcome. 

Methods 

All patients with SAH on initial CT imaging with confirmed intracranial aneurysm were enrolled from October 
2020 until today. Blood samples (and CSF samples if possible) were taken within 24 hours of admission, as well 
as at day 4,7, and 11 post bleeding. FACS analysis was performed to quantify different cell populations including 
T cells (Th1; Th2; Th17; Tregs) and monocytes (classical; intermediate; non-classical). The preliminary statistical 
analysis was performed using two-way ANOVA followed by Tukey"s multiple comparison test for the comparison 
between two groups. 

Results 

At the time of the interim evaluation, the data of 50 included patients were available. The blood samples were 
analysed. For T cells, there is an overall reduced occurrence after haemorrhage compared to healthy individuals, 
with only trends for the subpopulations. In contrast, the total monocytes are significantly increased after 
haemorrhage compared to healthy (mean percentage of cd45 positive monocytes in 1 million blood cells ± SD; 
Healthy: 2.043±1.458 vs. Day 1: 5.662±2.984 and Day 4: 6.436±2.724 p=0.05; Healthy vs Day 7: 6.436±3.174 
p=0.01). There was a non-significant trend with fewer total monocytes in patients with vasospasm compared to 
patients without vasospasm. Interestingly, patients with vasospasm nevertheless initially had significantly more 
intermediate monocytes than patients without vasospasm (mean percentage of intermediate monocytes of 
CD45 positive monocytes in patients without vs with vasospasm ± SD; Day 1: 7.613±6.321 vs 17.629±20.893 and 
Day 4: 6.077±4.556 vs 16.001±20.653 p=0.05). 

Conclusion 

SAH patients with vasospasm have significantly more intermediate monocytes in their blood on day 1 and day 4 
after haemorrhage than patients without vasospasm. If this correlation is confirmed in a larger number of 
patients, intermediate monocytes may represent a new therapeutic target in the treatment of SAH 
complications. 
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Einfluss der Dysfunktion des gastrointestinalen Trakts in Patienten mit schwerer Subarachnoidalblutung auf 
Medikamentenaufnahme, eine prospektive vergleichende Studie 
Effect of gastrointestinal dysfunction in patients with high grade subarachnoid haemorrhage on drug absorption, 
a prospective comparative study 

J. Sindern1, J. Bröckmöller2, B. Ellen2, O. Mörer3, D. Mielke1, V. Rohde1, T. Abboud1 
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Objective 

Patients with high grade subarachnoid hemorrhage (SAH) are considered critically ill. Complications in various 
organ systems often occur here, in particular dysfunction of the gastrointestinal tract can lead to an insufficient 
absorption of enterally administered drugs such as nimodipine. The aim of this study was to determine whether 
and to what extent dysfunction of the gastrointestinal tract influences the absorption of enterally administered 
drugs in patients with high grade SAH.  

Methods 

We prospectively enrolled 12 patients with high grade SAH (H&H Grade III to IV) in the study. The control group 
consisted of 13 otherwise healthy patients, who electively underwent a cranial surgical intervention on day 2 
after admission. Patients in both groups received esomeprazole either orally or through a gastric tube during 
hospital stay except for day 4 after admission, on which the drug was administered intravenously allowing us to 
estimate oral bioavailability. Esomeprazole serum concentrations were measured on days 1, 3, 4 in both groups 
and additionally on day 7 after admission in the study group. Pharmacokinetics of esompeprazole were 
compared between the SAH and control groups with area under the curve (AUC), Cmax and bioavailability as 
parameters of primary interest. 

Results 

Mean age of the study and control groups was 59±10 years and 58±12 years respectively. In the study group on 
days 1, 3 and 7, AUC values were 51±74, 113±99 and 39±35 mg*min/L, respectively; Cmax values were 172±201, 
462 ±453 and 224 ±182 µg/L, respectively and bioavailability values were 20±26, 41±30 and 22±15% 
respectively. In the control group on day 1 and 3, AUC values were 206±99 and 146±81 mg*min/L, respectively; 
Cmax values were 1013±474 and 735±443 µg/L, respectively and bioavailability was 66±33 and 53±31 
respectively. AUC, Cmax, and bioavailability of esompeprazole in the study group on days 1 and 7 were 
significantly lower than those in the control group, p<0,001. 

Conclusion 

Patients in with high grade SAB had severely restricted drug absorption. In the majority of SAH patients, no 
improvement in the resorption capacity was found even one week after onset of hemorrhage.  Consecutively, 
clearly inadequate effects of enterally administered medication must be expected in this group of patients. 
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Einfluss der initialen Fibrinogen/Albumin-Ratio auf die intrahospitale Mortalität bei Patienten mit spontaner 
intrazerebraler Blutung 
Impact of initial Fibrinogen/Albumin ratio on intrahospital mortality of patients with spontaneous intracerebral 
haemorrhage 

M. Bender1, K. Haferkorn2, H. Gött1, M. Stein1, E. Uhl1 

1Universitätsklinikum Gießen, Klinik für Neurochirurgie, Gießen, Deutschland 
2Universitätsklinikum Gießen, Klinik für Neurochirurgie, Gießen, Deutschland 

Objective 

Despite advancement in intensive care medicine, prediction of outcome in patients after intracerebral 
haemorrhage (ICH) is still limited. Several studies reported the negative prognostic value of increased 
fibrinogen/albumin ratio (FAR) on patients with cardiovascular disease and ischemic stroke. However, an 
evaluation of neurosurgical patients does not exist. The aim of the current study was to investigate the impact of 
the initial FAR for intra-hospital mortality (IHM) in patients with spontaneous ICH. 

Methods 

All patients with diagnosis of spontaneous ICH from 10/2008 to 12/2017, who were treated at our intensive care 
unit (ICU) for at least 24 hours and who had fibrinogen as well as albumin level determined on admission, were 
retrospectively analysed (n=198). The target values of systolic blood pressure were 120 to 140 mmHg and 80 to 
120 mmHg for arterial oxygen partial pressure. Demographic data, radiological data, laboratory data on 
admission, and cardiopulmonary parameters within the first 24 hours were analysed. Binary logistic regression 
analysis was used to identify independent prognostic factors for IHM. 

Results 

The total rate of IHM was 35.4% (n=70). Intraventricular haemorrhage (p=0.025), pre-existing medication 
(p=0.007), higher partial thromboplastin time (p=0.01), higher C-reactive protein/ albumin level (p=0,022) as well 
as lower level of cholinesterase (p=0,008), albumin (p=0,002), thromboplastin time (p=0,003) and body 
temperature (p<0.0001) on admission were associated with IHM. Furthermore, advanced age (p<0.0001, odds 
ratio [OR]=1.07, 95 % confidence interval [CI]:1.03-1.10), lower Glasgow Coma Scale (p<0.0001, OR=0.75, 
CI=0.67-0.85), larger volume of intracerebral haematoma (p=0.01, OR=1.01, CI=1.01-1.02) and higher FAR 
(p=0.03, OR=1.16, CI=1.02-1.31) on admission were independent predictors of IHM in a multivariate model. 
Furthermore, a FAR ratio cut-off value greater than 0.075 was associated with increased intra-hospital mortality 
(Youden's Index = 0.26, sensitivity = 0.51, specificity = 0.77). 

Conclusion 

FAR greater 0.075 on admission is significantly associated with IHM in patients with spontaneously ICH, a finding 
which could be helpful in early determination of further ICU treatment. 
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Prognostic value of targeted metabolomis in severe traumatic brain injury 
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Objective 

Severe traumatic brain injury (sTBI) represents a serious public health issue potentially resulting in poor 
outcome, therefore early prognosis is of capital relevance. The aim of this study was to investigate metabolite 
levels in serum in their time-dependent course after severe TBI related to clinical outcome. 

Methods 

Patients with sTBI admitted to our neurosurgical ICU from 03/ 2015 to 12/2017 were prospectively included in 
the study. Serum samples were consecutively collected on a daily base for 10 days. The endogenous metabolites 
were analyzed with a targeted quantitative and quality controlled metabolomics approach using the 
AbsoluteIDQ®p150Kit. Longitudinal time course of numerous metabolites related to favorable (GOS 4-5) and 
unfavorable outcomes (GOS 1-3) was evaluated. Patient outcome was assessed systematically at follow-up 
examinations at the Department of Neurosurgery 3 to 6 months after discharge. 

Results 

Samples of 31 patients (5 female, 26 male), with a mean GCS of 6 and aged 20 to 75 years were analyzed. 
Patients with an unfavorable outcome showed significantly elevated serum levels of essential amino acids 
(histidine, leucine, threonine, tryptophane, tyrosine und valine) on day 5 after sTBI. Logistic regression showed 
an accuracy of 59.2 % (Nagelkerke R Square 0.592 / 59.2%). Of these, valine tended to be the most promising 
with an odds ratio of 1.049 (CI95%: 1.007 – 1.093). 

Conclusion 

Elevation of several essential amino acids in serum on day 5 after sTBI appears to be associated with an 
unfavorable outcome. Some of them may represent promising potential predictive biomarkers that can be 
evaluated in laboratory routine without additional invasive methods. Larger clinical studies are required to 
confirm our findings. This could be due to increase of neuronal cell death with elevated extracellular release of 
metabolites or reduced synthesis of downstream neurotransmitters. 
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Labormarker und Risiko von Nachblutungen durch Antikoagulation bei venösen thrombembolischen Ereignissen 
nach neurochirurgischen Eingriffen 
Laboratory markers and risk of secondary haemorrhagic complications after anticoagulation due to venous 
thromboembolism in the early postoperative phase after neurosurgical procedures 
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1Universitätsklinikum Tübingen, Klinik für Neurochirurgie, Tübingen, Deutschland 

Objective 

Deep venous thromboses (DVT) and venous thromboembolisms (VTE) are serious complications after 
neurosurgical procedures. On the other hand, hemorrhagic complications due to therapeutic anticoagulation are 
highly dreaded. Aim of the study was to determine patients at risk for a severe course of thrombosis and 
complications due to anticoagulation. 

Methods 

Over a 10-year episode, patients with a postoperative DVT or VTE were identified and demographic risk factors 
as well as routine laboratory coagulation parameters (pTT, platelet levels, Quick, D-dimer) were assessed 

Results 

From 25.256 operative neurosurgical cases 173 patients with a DVT or VTE were identified (0.7%) of which 
80.9% occurred after craniotomy. Clinical effect of thrombosis was severe in 32.4% and course was fatal in 5.8%. 
Spinal surgery was associated with a major or fatal outcome of thrombosis as compared to cranial procedures. 
Elevated pTT, low platelet levels and low Quick on diagnosis of thrombosis were associated with a fatal clinical 
course. 

Severe hemorrhagic complications requiring surgical management occurred in 6.6%, 0.6% were fatal. D-dimer 
did not predict the course of DVT/VTE but higher levels on day 3 after diagnosis of the thromboembolic event 
were associated with severe bleeding complications with a cut-off of 4.95µg/ml. PTT was not associated with 
hemorrhagic complications. 

Conclusion 

Patients with signs of consumption coagulopathy on diagnosis of DVT/VTE showed a worse clinical course. PTT 
might be a good parameter for monitoring unfractionated heparin therapy but not to determine the risk of 
bleeding complications during the early postoperative phase. D-dimer might be of additional use to detect early 
bleeding complications. 
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Disease-specific health-related quality of life after fibrinolytic therapy in spontaneous intracerebral haemorrhage 
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Objective 

Spontaneous intracerebral haemorrhage (ICH) might have devastating consequences for all life dimensions. 
Outcome assessments frequently focus on physical impairment or mortality. This is the first study assessing 
disease-specific health-related quality of life (hrQoL) in order to better understand patients´ perspective. We 
want to enhance the insight to hrQoL beyond functional outcome. 

Methods 

We identified all patients with supratentorial ICH treated by fibrinolytic therapy (2010 to 2020) and conducted a 
retrospective analysis of demographic and clinical parameters. Life quality was prospectively analysed using a 
standardized telephone interview. Long-term functional outcome (measured by the modified Rankin Scale 
(mRS)) was evaluated as well as hrQoL (assessed by the QUALITY of life after Brain Injury Overall scale, the 
QOLIBRI-OS). Patients or their proxies were interviewed. 

Results 

Among 312 patients, 204 (65%) were discharged alive. 80 of these potential participants were still alive when 
this study was undertaken, 63 (31%; 35 male and 28 female patients, mean age at surgery: 67 years) participated 
in follow-up assessment (27 patients; 36 proxies). The mean follow-up period was 71 ± 40 months. The median 
ICH score was 3 (0= 1.6%, 1=14.3%, 2= 30.2% 3=44.4%, 4=9.5%; 5=0%). The mean QOLIBRI-OS value was 49.6 ± 
27.7 (max. value 100), arguing for an impaired hrQoL (e.g. compared with data from ischemic stroke patients). 
Self-rated hrQoL (QOLIBRI-OS) was significantly higher than proxy-rated hrQoL (p<0,01). Despite high ICH scores, 
some patients achieved surprisingly high hrQoL (ICH score 4: QOLIBIR-OS M:50; SD:30.4), we found no 
association between high ICH Score and lower hrQoL (p=0.25). QOLIBRI-OS values for the subdomains 
"emotion", "cognition" and "social/ personal life" were significantly higher than "physical condition" and 
"function in daily life" (p<0,01). Moreover, the subdomains "emotion" and "social/ personal life" were 
significantly higher rated than the subdomain "current situation/future prospects" (p<0,01). 

Conclusion 

Disease-specific hrQoL after ICH is significantly impaired and varies widely. Assessment of hrQoL is a need to 
better understand the benefits of fibrinolytic treatment. It complements previous studies on functional outcome 
and clinical grading scales by including the patient´s perspective. 
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Postoperative Zunahme des Hämatoms bei Patienten nach dekompressive Kraniektomie für intrazerebrale 
Blutung 
Postoperative haematoma expansion in patients undergoing decompressive hemicraniectomy for spontaneous 
intracerebral haemorrhage 
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1Universitätsklinikum Bonn, Klinik und Poliklinik für Neurochirurgie, Bonn, Deutschland 

Objective 

Aim of the study is to analyze risk factors for hematoma expansion (HE) in patients undergoing decompressive 
hemicraniectomy (DC) in patients with elevated intracranial pressure due to spontaneous intracerebral 
hematoma (ICH). 

Methods 

We retrospectively evaluated 72 patients with spontaneous ICH who underwent DC at our institution. We 
compared the pre- and postoperative volumes of ICH and divided the patients in 2 groups: First, patients with 
postoperative HE > 6 cm3 (group 1), and second, patients without HE (group 2). Additionally, we screened the 
medical history for anticoagulant and antiplatelet medication (AC/AP), bleeding-related comorbidities, age, 
admission Glasgow coma scale and laboratory parameters. 

Results 

The rate of AC/AP medication was higher in group 1 versus group 2 (15/16 vs. 5/38, p<0.00001), and patients 
were significantly older in group 1 versus group 2 (65.1 ± 16.2 years vs. 54.4 ± 14.3 years, p = 0.02). 
Furthermore, preoperative laboratory tests showed lower rates of hematocrit (34.1 ± 5.4 % vs. 38.1 ± 5.1 %, p = 
0.01), and hemoglobin (11.5 ± 1.6 g/dl vs. 13.13 ± 1.8 g/dl, p = 0.0028) in group 1 versus group 2. In multivariate 
analysis, the history of AC/AP medication was the only independent predictor of HE (p<0.0001, OR 0.015, CI 95% 
0.001-0.153). 

Conclusion 

In patients with spontaneous ICH undergoing DC, the history of AC/AP medication is a predictor of postoperative 
HE. 
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Is Quantitative Pupillometry (aQP) a suitable monitoring device for detecting increased intracranial pressure? 
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Objective 

Pupillary abnormalities may accompany an increase of intracranial pressure (ICP). It has been stated that a 
decrease of NPI, calculated from multiple parameters of the quantitative pupillary dynamics, is an 
effective warning sign for increased ICP (Chen et al., Surg Neurol Int, 2011). Our aim was to investigate the time 
course between NPI and changig ICP and potential correlations between the dynamics of both parameters. 

Methods 

n= 93 (m/f, adults, SAH, head trauma, ICB, no eye disease), all with direct ICP recording). Stratification with 
respect to the location of the primary cause of damage (fossa anterior, middle, posterior fossa) and ICP classes. 

Consecutive recording of ICP by extraventricular drainage system (EVD) and pupillary dynamics by repetitive 
bedside automatic quantitative pupillometry (aQP) with documentation of size/velocity of pupillary 
constriction/dilatation, delay of start of constriction and others. Calculation of NPI has been done using these 
parameters: normal NPi 3-5; abnormal 0-2,9. Repetitive recordings of aQP over several consecutive days, at least 
4 x / 24 hrs. 3 ICP-classes were divided: 0 - 15 mmHg (n-ICP), moderately abnormal 16-30 mmHg (ma-ICP), 
extremely abnormal above 30 mmHg (ea-ICP). 

Results 

In 51/93 pts. ICP and NPI were normal. In the remaining 42/93 pts. abnormal ICP or /and aQP with bilateral or 
right-left difference of pupil size / constriction velocity were observed. In these 42 pts. ICP increased for variable 
duration. 29/42 pts. presented an abnormal NPI (0-3) in the following ICP classes: n=6 for n-ICP, n=17 for ma-ICP 
and n=6 for ea-ICP. In 13/42 pts. NPI was normal despite increased ICP, all in the ma-ICP class. Abnormal NPI has 
been observed more in primary damage of the frontal and temporal fossae than in patients with primary 
damage in the posterior fossa. Early decrease of NPI below 3 before increase of ICP has been observed in 4 out 
of the 17 pts. 

Conclusion 

Measurement of pupil dynamics can not replace the direct recording of ICP. A relation between NPI and ICP 
changes occur more often in diseases of the anterior and middle fossa than in diseases of the posterior fossa. In 
high ICP (>30 mmHg) pupillary abnormalities are often observed. Alarming changes of pupillary dynamics prior 
to monitored ICP increase are a rarity. 
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Untersuchung der Integration von navigiertem 3D Ultraschall bei Hirntumoroperationen. Erste Daten einer 
laufenden prospektiven Studie 
Evaluation of a navigated 3D ultrasound integration for brain tumour surgery – first results of an ongoing 
prospective study 

D. Aleo1, Z. El-Shaer2, A. Pfnür2, A. Pala3, C. R. Wirtz2, J. Coburger2 

1Unversità Brescia, Neurosurgery, Brescia, Italien 
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Objective 

Intraoperative ultrasound (iUS) is an often employed surgical tool to increase extent of resection. Its navigated 
use and the option of a full 3D image acquisition allows for an "offline" use of the ultrasound images in the 
navigation system may facilitate detection of residual tumor. The aim of the study is to assess quality, accuracy 
and benefit of navigated 2D and 3D ultrasound for intraaxial tumor surgery in a prospective study. 

Methods 

As part of a prospective study protocol adult patients with a metastasis or WHO°II-IV glioma and intended gross 
total resection (GTR) are consecutively enrolled. Intraoperatively a 2D and 3D iUS based resection is performed 
(iUS=BK Medical; navigation software=Brainlab Origin). After assumed GTR, iMRI is performed to assess extend 
of resection. During surgery image quality, clinical benefit and navigation accuracy are recorded based on a 
standardized protocol using Likert"s scales from 1(best)-6(worst). KPS score and NANO score (Neurological 
Assessment in Neuro- Oncology) are also assessed. We used a descriptive assessment and Wilcoxon"s test to 
compare 2D and 3D results and Sign test for connected samples. 

Results 

A total of 8 consecutive patients were enrolled, 5 harboring a glioma and 3 a metastasis. Mean ratings of image 
quality in 2D iUS was significantly higher than 3D iUS (1.6 vs. 2.5 p>0.001). There was no relevant decrease 
during the course of surgery both in 2D and 3D (p>0.46). Benefit was rated 2.4 in 2D iUS and 3.0 in 3D iUS. No 
significant difference was found (p=0.19). Benefit remained stable in 2D while there was a slight decrease in 3D 
after complete tumor resection which was not statistically significant (p=0.28). Accuracy was similar both in 2D 
(mean 2.1) and 3D (mean 2) (p=0.5). Two out of 8 patients had a small remnant (mean 0.48 cm3) that was not 
appreciated with iUS. No significant differences between average NANO and KPS scores before and after surgery 
were recorded (2.7 vs. 2.9 and 78.7 vs. 77.5, respectively). 

Conclusion 

3D reconstructed iUS allows for an accurate intraoperative update of imaging with slightly lower image quality 
than 2D US, but still rated as "satisfying" or "good". Our preliminary data suggest that benefit and accuracy of 2D 
and 3D iUS navigation do not undergo significant variations during tumor resection. The future phase of the 
study may further elucidate impact of 3D navigated iUS on the extent of tumor resection by a retrospective 
matched pair control group using no iUS. 
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Endoskopisch-assistierte 5-ALA-fluoreszenzgestützte Resektion erhöht das Überleben in Patienten mit 
Glioblastom 
Endoscope-enhanced 5-ALA-fluorescence-guided microsurgery increases survival in patients with glioblastoma 

C. Bettag1, B. Schatlo1, A. Sachkova1,2, H. C. Bock1, D. Behme3,4, C. von der Brelie1, V. Rohde1, D. Mielke1 
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Objective 

Extent of resection predicts progression free survival (PFS) and may impact overall survival (OS) in patients with 
glioblastoma. We recently demonstrated that 5-aminolevulinic acid-fluorescence-enhanced endoscopic surgery 
increased the rate of gross total resection as well as the extent of resection. However, it is hitherto unknown 
whether fluorescence-enhanced endoscopic resection affects survival. 

Methods 

We conducted a retrospective single-center analysis of a series of patients who underwent surgery for non-
eloquently located glioblastoma between 2011 and 2018. All patients underwent fluorescence-guided 
microscopic or fluorescence-guided combined microscopic and endoscopic resection. PFS, OS, extent of 
resection, as well as clinical and demographic parameters, adjuvant treatment modalities and molecular 
characteristics, were compared between microscope-only vs. endoscope-assisted microsurgical resection. 

Results 

Out of 114 patients, 73 (65%) were male, and 57 (50%) were older than 65 years. Twenty patients (18%) were 
operated on using additional endoscopic assistance. Both cohorts were equally distributed in terms of age, 
performance status, lesion location, adjuvant treatment modalities and molecular status. Gross total resection 
was achieved in all endoscopy-assisted patients compared to about three-quarters of microscope-only patients 
(100% vs. 75.9%, p=0.003). The PFS in the endoscope-assisted cohort was 19.3 months (CI95% 10.8-27.7) vs. 
10.8 months (CI95% 8.2-13.4; p=0.012) in the microscope-only cohort. OS in the endoscope-assisted group was 
28.9 months (CI95% 20.4-34.1) compared to 16.8 months (CI95% 14.0-20.9), in the microscope-only group 
(p=0.001). 

Conclusion 

Endoscope-assisted fluorescence-guided resection of glioblastoma appears to substantially enhance gross total 
resection, PFS and OS. The strong effect size observed herein is contrasted by the limitations in the study design. 
Therefore, prospective validation is required before we can generalize our findings. 
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Intraoperative Gewebeanalyse mittels stimulierter Raman-Histologie unter Verwendung künstlicher Intelligenz – 
erste klinische Erfahrungen 
Intraoperative label-free tissue diagnostics using a stimulated raman histology imaging system with artificial 
intelligence – an initial experience  

A. Nohman1, H. P. Dao Trong1, C. Beynon1, C. Jungk1, D. Reuss2, A. W. Unterberg1, M. Scherer1 
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Objective 

Accurate intraoperative tissue diagnostics could impact on decision making regarding the extend of resection 
during brain tumor surgery. Stimulated Raman histology (SRH) is a label-free optical imaging method that uses 
different biochemical properties of tissue to generate a hematoxylin-eosin-like image and, in combination with 
an artificial intelligence-based image classifier, offers the opportunity to obtain rapid intraoperative tissue 
diagnosis. The goal of this study was to report on our initial experience with SRH to evaluate its accuracy in 
comparison to final tissue diagnosis. 

Methods 

We included 70 consecutive adult cases with brain tumors that underwent a surgical resection in a single 
academic institution. Tissue samples were taken intraoperatively and examined using the NIO laser imaging 
system (Invenio-Imaging®) classifying each tissue specimen to 1 out of 14 predefined tissue classes according to 
a probability score.  We compared results of the SRH classifier with the highest probability score to the 
respective final histopathological result. Prediction accuracy was evaluated by logistic regression and Receiver 
Operator Curve (ROC) analysis. 

Results 

According to final tissue diagnosis, we included 19 meningiomas (27%), 17 gliomas (24%), 6 pituitary adenomas 
(9%), 9 metastasis (13%) and 19 other tumor entities such as neurinoma or ependymoma (27%; total n=70). 
Regarding accuracy of intraoperative SRH predictions, regression analysis showed an Area Under the Curve 
(AUC) suggesting agreement of predictions with final diagnosis in 76% (95% C.I. 0.64-0.89, p=0.0008). Looking at 
each tumor entity the results varied. The highest accuracy was obtained for meningiomas (AUC=0.95; 95% C.I. 
0.85-1, p=0.015), followed by glioma (AUC=0.88; 95% C.I. 0.67-1, p=0.09) and pituitary adenoma (AUC=0.71; 
95% C.I. 0.26-1, p=0.38). The accuracy for metastases (AUC=0.70; 95% C.I. 0.43-0.98, p=0,19). 

Conclusion 

Our initial experience with SRH shows that this novel imaging option is a promising approach to obtain rapid 
intraoperative tissue diagnosis. However, refinement of artificial intelligence-based automated image 
classification has to be driven forward to improve prediction accuracy and to improve reliability. This could 
enable to individually tailor the desired extent of resection to the proposed tumor entity to improve surgical and 
oncological outcomes. 
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Einfluss des intraoperativen MRTs auf kraniale Infektionen 
Impact of intraoperative MRI on cranial surgical site infections 
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Objective 

To improve extent of resection, intraoperative MRI (ioMRI) is frequently performed. However, ioMRI affects 
intraoperative procedures and might thereby have an impact on postoperative surgical site infections (SSI). This 
cohort study with historical control was designed to analyze the impact of ioMRI on SSI.   

Methods 

Overall, we included 892 patients with cranial tumor resection. We used ioMRI in 136 glioma patients (group 
ioMRI) within a 12-month-period and performed tumor resection without ioMRI in 339 patients (group w/o 
ioMRI; 13.3% gliomas, 26.3% metastases, 28.3% meningiomas, 32.2% other tumors) during the same period. 
Additionally, we included 417 patients (group control; 29.7% gliomas, 20.6% metastases, 24.5% meningiomas, 
25.2% other tumors) who underwent tumor resection within the 12-month-period prior to ioMRI availability at 
our department. 

Results 

Patients in the ioMRI group (34.6%) more often suffered from recurrent tumors than patients in group w/o 
ioMRI (12.1%) and the control group (13.9%; p<0.0001). Obviously, the mean±standard deviation operation time 
was significantly longer in group ioMRI (241.9±66.8 min) compared to group w/o ioMRI (145.7±75.4 min) and 
the control group (179.1±91.1 min; p<0.0001). The time for ioMRI procedure was 66.1±20.6 min. We found 
significantly more SSI in group ioMRI (12.5%) compared to group w/o ioMRI (9.7%) and the control group (6.0%; 
p=0.0313). 

Conclusion 

Intraoperative MRI leads to a higher rate of SSI in cranial surgery, predominantly based on prolonged operation 
times as an individual factor. In the presented cohorts, the higher number of recurrent gliomas in group ioMRI 
might also have had an impact on SSI. 
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Genauigkeit Augmented Reality (AR) geführter Darianagenanlage versus stereotaktischer und freihändiger 
Implantation bei intracerebralen Hamatömen 
Accuracy of augmented reality-guided (AR) drainage versus stereotactic and freehand puncture in intracerebral 
haemorrhage 
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Objective 

Minimally-invasive intracranial drain placement is a common neurosurgical emergency procedure in patients 
with intracerebral hemorrhage (ICH). We aimed to retrospectively investigate the accuracy of conventional 
(bedside) hemorrhage drain placement and to prospectively compare the accuracy of augmented/mixed reality-
guided (AR) versus stereotactic-guided (STX) and conventional drain placement in a phantom model. 

Methods 

A retrospective, single-center analysis evaluated the accuracy of drain placement in 73 consecutive ICH with a 
visual rating of postinterventional computed tomography data. In a head phantom with a simulated deep ICH, 
five neurosurgeons performed four punctures for each technique: STX, AR and the conventional freehand 
technique in randomized sequence (60 operations). The Euclidean distance to the target point and the lateral 
deviation of the achieved trajectory from the planned trajectory at target point level were compared between 
the three methods. 

Results 

Analysis of the clinical cases revealed an optimal drainage position in only 46/73 (63%). Correction of the drain 
was necessary in 23/73 cases (32%). In the phantom study, accuracy of AR was significantly higher than the 
conventional method (p < 0.001 for both Euclidean and lateral distances). The Euclidean distance using AR 
(median 3 mm) was close to that using STX (median 1.95 mm; p = 0.023). 

Conclusion 

We demonstrated that the accuracy of the conventional technique was low and that subsequent position 
correction was common. In a phantom model, AR drainage placement was significantly more precise than the 
conventional method. AR has great potential to increase precision of emergency intracranial punctures in a 
bedside setting. 

Figure 1. Intracerebral hemorrhage punctures performed in a phantom model under stereotactic (A), 
augmented reality (B) guidance, or using the conventional technique based on superficial landmarks (C). 

Figure 2. Technical accuracy achieved measuring the Euclidean distance to the target point (A) and lateral 
deviation of the achieved trajectory from the planned trajectory at target point level (B) using stereotactic-
guided (STX), augmented reality-gudied (AR), and conventional (CONV) techniques. 
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Individualisierte OP-Planung: Die Vorteile von 3D-Visualisierung und virtueller Realität 
Individualised surgical planning – The advantages of 3D visualisation and virtual reality 
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Objective 

Planning is a crucial factor for successful treatment in neurosurgery. 3D visualization (3D) and virtual reality (VR) 
allows for superior image data presentation, condenses image information and accommodates our stereopsis 
habits. We developed a neurosurgical planning tool which allows 3D and VR of individual brain anatomy and 
simulates an entire operation room (VR-OR). In this study, the potential advantages of 3D and VR for surgical 
planning are explained on the bases of representative cases from daily practice. (If accepted as lecture, the 
authors could provide 3D-glasses during the lecture for the auditorium of the DGNC to allow the experience of 
virtual reality visualization.) 

Methods 

MRI sequences were acquired from patients from our institution during preoperative workup. Segmentations of 
brain tissues and skull were done with FAST (FMRIB's Automated Segmentation Tool, Analyses Group, Oxford, 
UK) and Amira (Thermo Fisher Scientific, Massachusetts, US). Composition and 3D visualization was performed 
with our newly in-house developed software, called NeuroVis. A cross platform game engine (Unity 
Technologies, San Francisco, US) was used to create 3D environment for VR. 

Results 

We developed a robust and fast semi-automated workflow to implement individual segmented brains into a 3D 
viewer and VR-OR setting including an OR table and a fully adjustable Mayfield head clamp. By the means of 
concrete case-studies (tumors in eloquent areas, of the pinealis region, skull base tumors, aneurysms and avm´s) 
we illustrate the advantages of 3D and VR: intuitive and fast understanding of complex anatomical and 
functional relations, the ease of recognizing and engraving the location of risk structures and the possibility to 
simulate instantly different approaches and dissection strategies. 

Conclusion 

Due to the outstanding tangible and impressive presentation of complex image data, 3D and VR is particularly 
suitable for individual surgical planning in neurosurgery. It can improve the understanding of complex anatomy 
and helps the neurosurgeon to make an indication, to select the right approach and dissection strategy and to 
avoid pitfalls. It can reduce the learning curve for young neurosurgeons. Because of its superiority to present 
complex image information and its ability to simulate approaches it will become indispensable for teaching, 
training, planning and the surgery itself. 
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Fragwürdiger Langzeitvorteil einer initialen Temozolomid-Monotherapie in der Behandlung IDH-mutierter 
Astrozytome WHO Grad 2 und 3 
Questionable long-term benefit of initial temozolomide monotherapy in IDH-mutant astrocytomas grade 2 and 3 
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Objective 

The role of temozolomide monotherapy in IDH-mutant (IDHmut) astrocytomas after biopsy or tumor resection 
has not been conclusively determined. 

Methods 

In this retrospective, single-center study, 151 patients with IDHmut WHO grade 2 or 3 according to WHO 2016 
and seen between 2001 and 2019 were investigated. Treatment groups were stratified according to initial biopsy 
(BX) versus tumor resection (RES) and further divided into different cohorts depending on postsurgical 
management: either wait-and-scan (WS), temozolomide monotherapy (TMZ) or radiotherapy alone (RT). Patient-
related, clinical and molecular data were correlated with progression-free (PFS) and overall survival (OS). Initial 
T2 tumor volumes were measured. 

Results 

Patient numbers and initial T2 volumes were distributed as follows (n, number of patients; ml, median volume): 
BX/WS: n=43, 59ml; RES/WS: n=26, 26ml; BX/TMZ: n=27, 78ml; RES/TMZ: n= 14, 101ml; BX/RT: n=18, 27ml; 
RES/RT: n=23, 61ml. No significant difference in median patient age and clinical status was seen. Patients 
receiving radiotherapy after biopsy or resection showed a better OS than patients treated with temozolomide 
alone (median OS in years: 14.4 versus 10.7; p=0.01). Patients monitored through a wait-and-scan strategy 
showed superior OS when compared to temozolomide, irrespective of extent of resection (median OS not 
reached; p<0.001). Of note, this was not mirrored by PFS (p=0.9). In multivariate analyses, only initial T2 volume 
was associated with prolonged progression-free and overall survival. 

Conclusion 

Temozolomide monotherapy, if preceded by biopsy or tumor resection only, might not be beneficial in the 
treatment of IDHmut gliomas in the long run. Small initial T2 volume is associated with prolonged PFS and OS in 
IDHmut astrocytoma WHO grade 2 and 3. 
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Ältere Patienten mit Lower-Grade Gliomen: Behandlungsergebnisse in einer molekular charakterisierten Kohorte 
Lower-grade glioma in elderly patients – Treatment and outcomes in a molecularly characterised contemporary 
cohort 
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Objective 

Low-grade diffuse glioma is rare among patients above the age of 60. Previous series reported poor outcomes, 
likely due to a high proportion of missed IDH wildtype astrocytomas which today would be diagnosed as 
glioblastoma, and thus proposed defensive surgery in elderly patients. We questioned these findings in our 
contemporary cohort of true lower-grade gliomas (LGG), i.e. IDH mutant astrocytoma and oligodendroglioma 
WHO grade 2 and 3. 

Methods 

Patients aged 60 years and older ("elderly") treated for hemispheric LGG between 2009 and 2019 were 
retrospectively analyzed for demographic, tumor- and treatment-related factors and progression-free survival 
(PFS) and were compared to a cohort of LGG patients younger than 60 years at diagnosis. Inclusion criteria, 
amongst others, were availability of molecular data (IDH mutation, 1p/19q co-deletion, ATRX expression) and 
volumetric assessment of pre- and postoperative tumor volumes.   

Results 

212 patients met inclusion criteria, among those 21 elderly patients (9.9%). Elderly patients did not differ from 
younger ones regarding gender, tumor eloquence, preoperative tumor volumes, presence of contrast 
enhancement and clinical presentation (seizures, focal deficits). In both groups (elderly vs. younger), most 
patients underwent tumor resection (81% vs. 90.6%; p=0.25) with comparable median residual tumor volumes 
(5.12 cm3 vs. 3.28 cm3; p=0.66). There was a trend towards more aggressive surgical approaches in younger 
patients, e.g., use of IOM and awake surgery. However, frequency of functional deterioration (p=0.2) and 
revision surgery (p=0.98) were comparable. Oligodendroglioma, in relation to astrocytoma, was more common 
in the elderly (76.2% vs. 46.1%; p=0.011). Adjuvant radio- and/or chemotherapy was administered in 76.2% of 
elderly and 59.8% of younger patients (p=0.163), mainly in WHO grade 3 tumors. In patients with a minimum 
follow-up of 2 years (n=144), median PFS was comparable between elderly and younger patients (46 vs. 55 
months; p=0.58), regardless of WHO grade (p=0.31) and tumor subtype (p=0.81). 

Conclusion 

Elderly patients still constitute a small fraction of molecularly characterized LGGs. In contrast to previous reports 
likely including IDH wildtype tumors, favorable surgical and survival outcomes were achieved in our series that 
were comparable to those of younger patients. Thus, intensified treatment including maximal safe resection 
should be advocated in elderly patients whenever feasible. 
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Identifikation von synergistischen Medikamentenkombinationen zur Behandlung IDH-mutierter Gliome 
Identification of synergistic drug combinations for therapy of IDH-mutated glioma 
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Objective 

Isocitrate Dehydrogenase-mutated (IDHmut) and wildtype (IDHwt) gliomas are regarded as separate tumor 
entities with the need for accordingly adjusted therapies. IDHmut tumors have a better prognosis than the 
wildtype. Nevertheless they are still not curable since there is no effective drug therapy established. Since a 
combination of several drugs might help avoiding an unwanted drug resistance, we searched for combinations of 
FDA-approved drugs to effectively inhibit the growth of IDHmut glioma stem-like cells (GSC) in vitro. 

Methods 

Drug combinations of 146 antineoplastic FDA-approved drugs were tested on altogether five IDHmut GSC lines. 
Based on a previous single-agent drugsreen, four drugs showing various drug responses on the individual cell 
lines were selected (Idarubicin, Ixazumib, Ponatinib, Romidepsin) to be combined with all 146 drugs of the 
library. Cell viability was assessed by the CellTiterGlo 3D assay (Promega) in 96 well plates, while Caspase-Glo 3/7 
3D assay was used to measure induction of apoptosis. 

Results 

Out of 584 drug combinations tested altogether 45 synergistic drug combinations could be identified. 15 
combinations could be validated and were enriched for a combination of HDAC (HDACi) and proteasome 
inhibitors (Pi). The synergistic HDACi/Pi combination with the highest blood-brain-barrier permeability score 
(Panobinostat + Ixazomib) was further validated in a 4-point dose-response matrix in all 5 IDHmut GSC lines. 
Synergistic effect over a wide range of concentrations could be confirmed while drug concentrations to achieve 
the maximum synergistic effect differed among GSC lines. Finally, quantification of apoptotic cells confirmed the 
synergistic action of Panobinostat and Ixazomib. 

Conclusion 

Our combinatorial drug screen of IDH-mut GSCs identified a substantial number of synergistic drug 
combinations. Enrichment of HDAC/proteamsome inhibitor combinations and their further validation suggest 
that LGG patients might benefit from a combinatorial treatment of Panobinostat and Ixazomib. These promising 
findings warrant further preclinical validation. 
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Higher YAP1 levels result in shorter survival of low grade astrocytoma patients 
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Objective 

YAP1 (yes-associated protein 1) and its homologue TAZ (transcriptional activator with PDZ-binding motif) are 
transcriptional co-activators of the hippo pathway. This pathway plays an important role in the regulation of 
tissue growth during organ growth and regeneration. When the hippo-pathway is inhibited, YAP/TAZ accumulate 
in the nucleus and bind to transcription factors whose target genes code for proteins of cell proliferation, 
differentiation and epithelial-mesenchymal transition (EMT). Alterations of YAP/TAZ-expression-levels have been 
found in different solid tumors such as lung, breast, hepatocellular and ovarian cancer. Knockdown of TAZ in 
GBM-cell-lines results in less invasion and migration, while an upregulation enhances these drivers of 
tumorigenesis. YAP1-overexpression results in more invasion and migration in GBM-cells and is related to poorer 
prognosis as well. In this study we wanted to examine the influence of YAP1- and TAZ-expression on survival in 
patients with astrocytoma and oligodendroglioma by measuring mRNA expression rates in vivo. 

Methods 

Samples of primary (n=29) and recurrent (n=31) low grade glioma were obtained during neurosurgical resection. 
Histological diagnosis was made by an independent neuropathologist using the WHO Classification of 2007. 
Levels of YAP1 and TAZ-expression were measured by qPCR. Statistical analysis was performed using GraphPad 
Prism 9. 

Results 

In YAP1, the expression in astrocytomas was twice as high as in oligodendrogliomas with a mean of 1.578 vs. 
0.7003 (p=0.0177, Unpaired t-test). In oligodendrogliomas, relapsed tumors showed significantly higher 
expression-levels of TAZ than primary tumors (p=0.0305) with means of 0.4464 and 0.1667. In astrocytomas, 
patients with low TAZ-expression showed a significant longer OS than patients with high TAZ-expression (median 
survival 149 vs. 84 months, p=0.0422). The OS of patients with low YAP1-expression was also longer than that of 
patients with high YAP1-expression (median survival 161 vs. 86 months, p=0.0248). In oligodendrogliomas, there 
were no significant differences in OS in patients with low vs. high TAZ-expression (median survival 154 vs. 186 
months, p=0.3709) and with low vs. high YAP1-expression (median survival 131 vs. 191 months, p=0.2497). 

Conclusion 

YAP1 plays an important role in LGG and not only in HGG and should be considered as molecular marker and 
target in therapy. 
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Glio registry 
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Objective 

Lower grade gliomas (LGG) often infiltrate eloquent regions, so that neurological impairment and oncological 
benefit by surgery have to be balanced. Aim of our study was to assess rate of permanent deficits and its risk 
factors in eloquently located LGGs. 

Methods 

We retrieved all patients harboring an eloquently located astrocytoma or oligodendroglioma WHO grade II or III 
from the prospective LoG-Glio Database. Patients without surgery or incomplete postoperative data were 
excluded. Finally, 83 patients met the inclusion criteria. Exploratory statistical assessment was performed. 
Correlations were calculated by Spearman`s rho. We used Sign rank test to evaluate differences in connected 
samples. Furthermore, multivariate regression analysis model for new permanent neurological deficits was 
calculated. 

Results 

Diffuse astrocytoma was found in 62% and 71% were identified as WHO grade II. Eloquent regions were 
predominantly motor (45%) and language (40%) cortex and fiber pathways. Awake surgery was done in 23% of 
cases, and intraoperative monitoring (IOM) was used in 80% of cases. Complete tumor removal (CTR) was 
intended in 51% and, based on radiological criteria, was achieved in 62% of those patients. At first follow up, 
National Institutes of Health Stroke Score (NIHSS) was significantly decreased in 27 patients compared to 
preoperative NIHSS values (33%, p<0.001). Further, comparing preoperative and follow up NHISS scores, an 
improvement was seen only in 5/71 patients (7%), while 27 patients remained stable (56%). Comparing 
postoperative and follow up NIHSS, no statistical difference was found (p=0.213). CTR (p=0.014, OR 18.5), and 
Eastern Cooperative Oncology Group performance status > 0 (p=0.045, OR 5.7) were independent predictors for 
permanent postoperative deficit according to multivariable regression model. 
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Conclusion 

Patients with eloquently located LGGs suffering from preoperative deficits are at risk to experience a further 
deterioration after surgery. Radical tumor resection in eloquent regions is associated with a high risk of 
permanent deficits which should be well consented with each patient and balanced with respective oncological 
benefit. Despite postoperative neurological improvement, only a minority of those patients presenting 
neurological deterioration after surgery recovered to their preoperative NIHSS. 
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Objective 

Current data shows that resilience is an important factor in cancer patients" well-being. It may positively 
influence patients" psycho-oncological distress. Resilience is often referred to as the ability to withstand external 
or internal stress and can be therapeutically empowered. In the current study we aim to explore resilience of 
patients with lower grade glioma (LGG) and their potential influencing factors. 

Methods 

We performed a cross-sectional assessment of adult patients with astrocytoma or oligodendroglioma of WHO 
grade II & III prospectively enrolled in the LoG-Glio registry. By phone interview we assessed resilience scale (RS-
13), distress thermometer (DT), MOCA (Montreal cognitive assessment) phone, internalized stigma of mental 
illness (ISMI), Eastern oncology group performance status (ECOG), pain scale. Typical clinical parameters as 
adjuvant treatment, occupational and relationship status were assessed. We performed an explorative 
assessment. Correlations were assessed by Spearman"s ρ. 

Results 

We included 74 patients. Median age was 41 years (Min 21, max 67). Median time since diagnosis was 4 years 
(min 1, max 13). 32 patients (43%) had a radiation therapy (RT) with consecutive chemotherapy (CT), one patient 
RT only and 9 patients had CT only. 28 patients (38%) showed a low, 16 (22%) a moderate and 30 (41%) a high 
resilience. Overall 29 patients (40%) had a pathological DT. In patients with low resilience pathological DT rate 
was 50%, in moderate resilience 44% and in high resilience 27%. In patients with low resilience, 50% had 
subnormal MOCA scores, while in moderate and high resilience it was found in 13% and 27%, only. We found 
significant correlations of resilience with distress (p<0.01, -.43), MOCA (p=0.039, .24), ECOG (p<0.01, -.49), 
stigmatization (p=0.012, -2.9), pain (p<0.01, -.47), care level (p=0.001, -.38) and occupation (p=0.01, .31). No 
correlations were found for education, sex, age and time since diagnosis. Even though, distress and resilience 
correlate with each other, distress did not correlate with occupation or care level, while relationship status only 
correlated with distress (p=0.01, .29). 

Conclusion 

In LGG psycho-oncological distress is a relevant and often underestimated burden. It significantly correlates with 
patients' resilience. Many of the influencing factors of resilience can be leveraged. Especially, pain, low 
functional status, stigmatization and occupation should be identified and targeted in the clinical routine.  
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Objective 

Recently, we described a disintegrin and metalloproteinase 9 (ADAM9) overexpression by Schwann cells of 
vestibular schwannoma (VS) and suggested that it might be a marker for VS tumor growth and invasiveness. 
Consequently, we analyzed the effect of Licochalcone A (LicA), an ADAM9 inhibitor, in VS primary cell cultures 
regarding its effect on the cells" viability, migration, ADAM9 expression and cell number. 

Methods 

Each experiment was performed with at least three different primary VS cell cultures overexpressing ADAM9 as 
shown by Western-blot analysis. The cells were treated with 20 µM LicA for 2-6 days and metabolic activity 
evaluated by MTT-assays, migration by xCELLigence as well as alterations of ADAM9 expression by Western-
blotting. To assess cell viability, cells were counted in five fields of view utilizing ImageJ. 

Results 

ADAM9 expression was stable after 6 days LicA treatment. Migration was not inhibited by LicA and there was no 
inhibition of metabolic activity after 2, 4 or 6 days LicA treatment. In contrast, VS  cell numbers decreased 
significantly  after 4 days LicA treatment in 1 of 4 primary VS cell cultures and after 6 days in the other 3 cultures 
(p=0.008). This effect was masked in the MTT-assay by proliferation of fibroblasts. 

Conclusion 

Since LicA seems to inhibit VS cell proliferation, it could be a potential chemotherapeutic treatment option to 
tackle VS. 
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Objective 

The level of evidence to provide treatment recommendations for vestibular schwannoma (VS) is low. Even less 
studies have focused on the treatment of VS in the Elderly (> 65 years) and therefore there is no community 
standard for the treatment of VS in the elderly. However, with the increase in the elderly population finding an 
optimum treatment strategy is important to provide personalized care. 

Methods 

This matched cohort study analyzed all consecutive Elderly patients with VS treated at our institution. A separate 
cohort of patients younger than 65 years served as matched controls, and pairing was based on extent of 
resection (EOR) surgical approach, and tumor size (closest match). Recorded patient comorbidities were 
assessed using the Charlson Comorbidity Index. Clinical state was reported by Karnofsky Performance Score and 
House and Brackmann (H&B) scale. Recurrence-free-survival (RFS) was assessed radiographically by contrast-
enhanced MR imaging and Kaplan-Meier-Analysis. 

Results 

Among 2"191 patients with VS seen at our institution between 2005 and 2020, 322 (15%) patients were 
classified as Elderly. 133 (41%) Elderly patients were treated surgically. Other 189 were treated non-surgically: 
27% by radiotherapy and 73% by "Wait-and-Scan" protocol. Elderly patients presented with worse initial KPS 
more comorbidities (p<0.001). Although initial KPS was significantly worse in the Elderly, this did not carry on in 
the postop KPS, which was similar in both groups. Elderly patients suffered from gait uncertainty more often 
than their controlled matches (p<0.001) but complained of less tinnitus then the young (p = 0.016). The 
incidence of perioperative complication was comparable in both groups with 13% and 4% in the Elderly and 
Control respectively (p=0.858). Functional facial outcome measured in H&B was not significantly different in 
either group. There was no difference in discharge modality (home, rehabilitation or other hospital). EOR was 
significantly associated with RFS (p<0.001) and median time to recurrence was < 5 years, when only 
decompressive surgery was performed. 

Conclusion 

This study indicates that microsurgical resection of VS in the Elderly is safe. The perioperative complication rate 
is not higher, even though the incidence of relevant comorbidities is higher. EOR is significantly associated with 
RFS in this patient group. Therefore, we suggest that even in the Elderly, the aim of surgical management of VS 
should be gross total tumor resection to assure tumor control. 
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Objective 

Vestibular schwannoma (VS) is the most common benign tumor of the cerebellopontine angle. The size of the VS 
varies widely regardless of the patient's age. While patients with a small, not growing VS undergo regular 
observational MRI examinations (wait and scan), larger rapidly growing tumors are treated with radiosurgery or 
promptly removed by microsurgery. Due to the unpredictable growth progression, it is often difficult to 
determine the optimal time point of surgical intervention. It is well known that tumor stem cells have the ability 
for self-renewal and an appropriate differentiation potential to generate and support tumor growth. Therefore, 
the aim of our study is to explore tumor stem cell marker expression and the correlation with tumor growth and 
volume. 

Methods 

The study includes 126 adult participants with at least one preoperative MRI image. Patients with recurrence, 
irradiated VS, or hereditary neurofibromatosis were excluded. First, a comprehensive database was established 
with various clinical information, for example, patient age, sex, hearing class and KOOS grade of VS. In addition, 
tumor size was determined by volumetry using preoperative MRI images and growth rate, applicable to patients 
with multiple preoperative MRI images. RNA was isolated from the tumor samples for quantitative 
determination of 11 different tumor stem cell markers by quantitative real-time PCR. The relationship between 
tumor volume, growth rate, KOOS grade and marker expression was analyzed using the Spearman"s rank 
correlation coefficient. 

Results 

The data analysis revealed a strong positive correlation between tumor volume and KOOS grade (r=0.89, p<0.05) 
and between tumor volume and growth rate (r=0.85, p<0.05). Similarly, tumor stem cell markers correlated 
strongly positively with each other, with 8 of the 11 markers identified correlating moderately positively with 
KOOS grade and tumor volume of VS (p<0.05). With higher KOOS grade and thus increasing tumor volume, the 
expression of CXCR-4 (r=0.27), Nanog (r=0.24), CD44 (r=0.25), CD45 (r=0.22), Nestin (r=0.27), Oct-4 (r=0.23), 
Sall4 (r=0.2) and CD133 (r=0.19) was increased. 

Conclusion 

The correlation of tumor stem cell markers on the tumor volume of VS indicates that tumor stem cells are 
involved in tumor growth. This new finding may enable the opportunity to determine a better growth prognosis 
and identify a drug target that could improve the therapy of VS. 
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Objective 

The tumor microenvironment (TME) of glioblastoma (GBM) contributes to tumor growth and therapy resistance. 
To further dissect the role of the TME in tumor immunity, tumor-associated macrophages (TAM) as well as 
tumor-infiltrating lymphocytes (TIL) from primary tumor tissue were analyzed phenotypically and functionally. 

Methods 

Patients with newly diagnosed (nd) GBM were subjected to fluorescence-guided surgery. CD45+ tumor-
infiltrating leucocytes were enriched immunomagnetically and analyzed by flow cytometry to characterize TAMs. 
TILs were analyzed for activation markers and IFNg production. Further, the expression of immune checkpoint 
regulators was assessed on TAM and TIL and their role in T-cell proliferation was determined. 

Results 

In CD45+ tumor-infiltrating leukocytes, 57.5% (n=11) represented CD14+ myeloid cells, mainly macrophages of 
the CD163+ HLA-DR+ M2 subtype, indicating a prevalence of an alternatively-activated M2c-like subset. 
Conditioned media (CM) of GBM cells attracted in-vitro differentiated M2, but barely any M0 or M1 
macrophages. Moreover, CM induced activation of M2 macrophages towards the M2c subset. The cells 
expressed immune checkpoint receptors and had low T-cell stimulatory, but potent suppressive activity, which 
could be reversed by blocking the tryptophan-degrading enzyme indoleamine-2,3-dioxygenase (IDO) and the 
immune checkpoint receptor PD-L1, respectively.In line with these results, TILs (9.5% of CD45+ leukocytes; n=11) 
showed low frequencies of IFNg-producing CD4+ (9.9%) and CD8+ (3.6%) effector memory T cells, indicating an 
accumulation of inactive T cells. Further, these T cells showed high levels of PD-1 (CD4+: 83.6%; CD8+: 77.5%) as 
well as Tim-3 (CD4+: 20.9%; CD8+: 35.0%) expression together with a T-bethighEomeshigh phenotype, indicating 
exhaustion and terminal differentiation. 

Conclusion 

In this study, we report the prevalence of M2c-like macrophages in primary GBM, preferentially attracted and 
activated by GBM cells. They have poor T-cell stimulatory, but potent immunosuppressive activity, mediated at 
least in part by IDO and the PD-L1/PD-1 axis. Accumulation of these cells correlates with infiltrating effector T 
cells showing low IFNg-production and markers of exhaustion. These findings might add valuable insights for the 
development of therapies targeting the TME in order to generate more potent effector T cells.  
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Objective 

Tumor Treating Fields (TTFields) have been shown to be effective in prolonging progression-free and overall 
survival in patients with primary glioblastoma and increasing the rate of two- and five-year survivors. 
Nevertheless, there is an urgent need to further improve survival data. A promising approach is to combine this 
kind of treatment with drugs that enhance the biological effect of TTFields. In the present in vitro study, we 
tested the efficacy of a novel selective inhibitor of Aurora A kinase, VIC-1911, in combination with TTFields and 
temozolomide (TMZ) in primary glioblastoma cells. 

Methods 

We used the inovitro® system to apply TTFields (1.7 V/cm RMS, 200 kHz) to three primary glioblastoma cell lines. 
The suitable effective dose of VIC-1911 and TMZ was titrated and then used for combination treatment. The 
cytotoxic effect was determined by flow cytometry analysis of living cells. In addition, ploidy was evaluated and 
morphological changes of the treated cells were visualized by light and fluorescence microscopy. 

Results 

We found that the combination of TTFields plus VIC-1911 and TMZ had a significantly cytoreductive effect that 
was stronger than that of the single treatments and depending on the cell line of the double treatments. In 
addition, we showed an increased DNA content in PI-stained glioblastoma cells suggesting polyploidy and 
disturbed cell replication after the combination treatment with treatment with TTFields and VIC-1911, TTFields 
and TMZ, or TTFields plus VIC-1911 and TMZ compared to the single treatments. Both, light and fluorescence 
microscopy, showed an increase in morphological changes such as multinucleated cells, enlarged cells, as well as 
cytoskeletal modifications. 

Conclusion 

In the present study we demonstrated that the novel Aurora-A kinase inhibitor VIC-1911 is a suitable drug to 
enhance effect of TTFields on primary glioblastoma cells. However, further studies are needed to find the 
optimal dose for combination treatment with TMZ. 
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Objective 

Tumor Treating Fields (TTFields) are alternating electrical fields that are approved and effective for glioblastoma 
therapy with a frequency of 200 kHz. At a frequency of 100 kHz, we have previously shown that TTFields can 
transiently open the blood-brain barrier (BBB) in vitro and in vivo by delocalizing the tight junction protein 
claudin-5. 

It is known that TTFields reorganize the microtubule network, which leads to the initiation of the guanine 
nucleotide exchange factor (GEF) H1 / Rho / Rho-associated protein kinases (ROCK) signaling pathway in cancer 
cells. To determine whether the TTFields-induced delocalization of claudin-5 is mediated by this pathway, we 
examined changes in the phosphorylation of GEF-H1 and claudin-5 in immortalized brain microvascular 
endothelial cells (cerebEND). 

Methods 

After treatment with 100 kHz TTFields for 10-60 minutes, cerebEND were lysed for Western blot analysis with 
antibodies against GEF-H1, as well as phosphorylated GEF-H1 and claudin-5. ROCK activity in the cells was 
measured using a ROCK activity assay kit. The cells were also treated with 10 μM of the ROCK inhibitor fasudil in 
combination with 100 kHz TTFields for 72 h and then stained with anti-claudin-5 antibodies for 
immunofluorescence microscopy. 

Results 

TTFields promoted a time-dependent increase in GEF-H1 phosphorylation with a peak after 10 minutes in 
cerebEND. Changes in claudin-5 phosphorylation paralleled GEF-H1 activation, however, the elevated levels of 
claudin-5 phosphorylation remained relatively stable during the treatment period investigated. Furthermore, 
ROCK activation in cerebEND was significantly increased after TTFields treatment. In addition, the distribution of 
claudin-5 in TTFields + fasudil-treated cells was similar to that in untreated control cells. 

Conclusion 

The use of TTFields in cerebEND leads to an effect on the GEF-H1/Rho/ROCK pathway similar to that previously 
demonstrated in cancer cells. Thus, these data indicate that ROCK is an essential component of signal 
transduction pathways that link TTFields-induced microtubule disruption with delocalization of claudin-5. 
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Objective 

Owing to recent advances in understanding of the active functional states exhibited within glioblastoma (GBM), 
intra-tumoral cellular signaling has moved into focus of neuro-oncological research. In our study, we aim to 
explore the role of transcellular electrical signaling and investigate correlations to transcriptional dynamics and 
cellular behavior. 

Methods 

Electrophysiological characterization was carried out using 2D planar microelectrodes, in a human neocortical 
tissue based GBM model. Exposure to conditions such as hypoxia and acidic environment was carried out to 
identify signaling patterns as a response to specific environmental conditions. Effect of signaling inhibition was 
transcriptionally characterized by means of scRNA-sequencing with CRISPR based perturbation. 

Results 

Electrophysiological characterization revealed network activity exhibiting characteristics of scale-free networks. 
Cellular signaling was directly correlated to changes in the environment, like hypoxia or glutamatergic activation, 
with modulation of either frequency or amplitude of recorded events encoding information regarding changes in 
the local microenvironment. CRISPR based perturbation of synapse forming genes resulted in alterations in 
cellular morphology (p < 0.001) and decreased cellular connectivity (p < 0.001), with electrical signaling being 
significantly attenuated (p < 0.0001). Single-cell sequencing of perturbed tumor cells in the neocortical GBM 
model revealed a loss of developmental lineages (FDR<0.01) and significant reduction of cellular stress response 
state (FDR<0.01). 

Conclusion 

Our findings highlight the role of electrical signaling in glioblastoma. Cellular stressors induce intercellular 
signaling, leading to transcriptional adaptation suggesting that there exists a highly complex and powerful 
mechanism for dynamic transcriptional state adaptation. 
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Objective 

Medulloblastoma represents one of the most common brain tumors in children. We previously showed that the 
impipridone ONC201/TIC10 has a strong anti-neoplastic activity against medulloblastoma cells. In this study, we 
performed preclinical testing of a combined treatment with ONC201/TIC10 and the Bcl-xL/Bcl-2 inhibitor ABT-
263 in vitro. 

Methods 

The combination therapy was tested on established, primary cultured and stem-like medulloblastoma cells using 
MTT assays. Isobolograms were calculated for evaluation of the nature of the drug-drug interaction. Spheroids 
were used to examine the effects of the combination therapy in a 3-dimensional setting. AnnexinV/PI staining 
followed by flowcytometric analysis was used to detect pro-apoptotic effects. Western blot analyses and 
knockdown experiments with siRNA were performed for molecular analysis. Extracellular flux analyses served at 
examining effects on the tumor cell metabolism. 

Results 

Combined treatment with ONC201/TIC10 and ABT-263 led to a synergistic anti-proliferative effect on established 
(D425, D458, DAOY, HD-MB03), primary cultured (PC322) and stem-like (SC322) medulloblastoma cells. The 
nature of the response towards the combination therapy was independent of baseline c-myc expression. In the 
3-dimensional setting, combined treatment with ONC201/TIC10 and ABT-263 resulted in a significantly 
enhanced inhibitory effect on medulloblastoma spheroids. On the molecular level, treatment with 
ONC201/TIC10 led to a dose-dependent decrease of the expression of the anti-apoptotic Bcl-2 family member, 
Mcl-1. Moreover, combined treatment with ONC201/TIC10 and ABT-263 caused enhanced cleavage of caspases 
9 and 3. On the metabolic level, the combination therapy led to a reduction in both, oxidative phosphorylation 
and the glycolytic rate in PC322 cells. In line with this finding, a reduced expression of respiratory chain proteins 
was found. 

Conclusion 

Combined treatment with ONC201/TIC10 and ABT-263 had a synergistic inhibitory effect on the cell viability of a 
broad panel of medulloblastoma cells. On the molecular level, this effect was associated with downregulation of 
Mcl-1. Moreover, the combination treatment resulted in a metabolic reprogramming which likely creates a state 
of energy deprivation. Further studies are warranted. 
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Evaluierung von 3-L- and 3-D-[18F] Fluorophenylalanine als PET Tracers zum Imaging von Tumoren 
Evaluation of 3-L- and 3-D-[18F] Fluorophenylalanines as PET tracers for tumour imaging 
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Objective 

Early detection and treatment of malignant brain tumors can significantly improve survival time and life quality 
of affected patients. While positron emission tomography (PET) with O-(2-[18F]fluoroethyl)tyrosin ([18F]FET) 
offers improved diagnostic accuracy in comparison  to other imaging methods, there is still a need for PET-
tracers with greater tumor-specificity. Higher protein incorporation rate as well as higher affinity for the amino 
acid transporter LAT1 could provide probes with superior image quality compared to [18F]FET. Aim of the 
present study was the preclinical evaluation of two enantiomeric phenylalanine (Phe) analogues (3-l- and 3-d-
[18F]fluorophenylalanine (FPhe) as possible alternatives to [18F]FET. 

Methods 

In vitro studies were conducted with MCF-7, PC-3 and U87 MG human tumor cell lines. In vivo µPET studies were 
carried out in healthy rats with/without benserazide pre-treatment (n=3 each), in mice bearing subcutaneous 
MCF-7 or PC-3 tumor xenografts (n=10), and in rats bearing orthotopic U87 MG tumor xenografts (n=14). Tracer 
accumulation was quantified by SUVmax, SUVmean and tumor-to-brain ratios (TBrR). 

Results 

Uptake of 3-l-[18F]FPhe in MCF-7 and PC-3 cells was significantly higher than with [18F]FET. Uptake of all three 
tracers was significantly reduced by suppression of amino acid transport systems L or ASC. 3-l-[18F]FPhe but not 
3-d-[18F]FPhe exhibited protein incorporation. In benserazide-treated healthy rats, brain uptake after 42–120 
min was significantly higher for 3-d-[18F]FPhe vs. 3-l-[18F]FPhe. [18F]FET showed significantly higher uptake into 
subcutaneous MCF-7 tumors (52–60 min p.i), while early uptake into orthotopic U87 MG tumors was 
significantly higher for 3-l-[18F]FPhe (SUVmax: 3-l-[18F]FPhe, 107.6±11.3; 3-d-[18F]FPhe, 86.0±4.3; [18F]FET, 
90.2±7.7). Increased tumoral expression of LAT1 and ASCT2 was confirmed immunohistologically. Conclusion: 
Both novel tracers enable clear tumor delineation with an imaging quality comparable to [18F]FET. 

Conclusion 

The results show that 3-l- and 3-d-[18F]FPhe enable high quality visualization of tumor tissues with certain 
advantages over [18F]FET, making them promising candidates for further preclinical and clinical evaluations. 
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Diagnose, Klassifikation und Therapie des Thoracic Outlet Syndroms: ein Consensus Ansatz der EANS Sektion für 
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Diagnosis, classification, and therapy of thoracic outlet syndrome – a consensus approach by the EANS section of 
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Objective 

To systematically review the body of evidence and reach a consensus among neurosurgeons experienced in 
thoracic outlet syndrome (TOS) regarding anatomy, diagnosis, classification, and therapy. Although numerous 
articles have been published not only on the classification of TOS, but also on diagnostic standards, timing and 
type of surgical intervention, there still remains some controversy due to the lack of level 1 evidence. So far, 
attempts to generate uniform reporting standards have not yielded conclusive results. 

Methods 

A systematic literature search on PubMed / MEDLINE was performed on February 13, 2021, yielding 2853 
results. Abstracts were screened and classified. Recommendations were developed in meetings held among 
members of the European Association of Neurosurgical Societies (EANS) section of peripheral nerve surgery 
online on February 10, 2021 and on December 16, 2021. Refinements were processed according to the Delphi 
consensus method. 

Results 

Six randomized controlled trials (on surgical, conservative, and injection therapies), four "guideline" articles (on 
imaging and reporting standards), five observational studies (on diagnostics, hierarchic designs of physiotherapy 
vs. surgery, quality of life outcomes), and six meta-analyses were identified. The authors established 18 
statements regarding anatomy, diagnosis, and classification as well as 14 statements regarding timing and type 
of therapy of TOS. Due to spatial limitations in this abstract, we would like to present, as an example, that in case 
of initial diagnosis of neurogenic TOS type 1 we state that anterior supraclavicular decompression with 
intraoperative neuromonitoring and optic magnification may be promptly conducted. 

Conclusion 

Due to the lack of level 1 evidence, consensus statements on anatomy, diagnostics, classifications, and therapy 
of TOS from experts of the section of peripheral nerve surgery of the EANS were developed using the Delphi 
method. Our consensus statements may help for individualized decision making. Further work on reporting 
standards, prospective data collections, TOS therapy, and long-term outcome is necessary. 
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Wie beeinflusst das Double-crush Syndrome das Outcome von Patienten mit Dekompression des N. ulnaris bei 
Kubitaltunnelsyndrom? Eine retrospektive Analyse 
How does double crush syndrome affect the outcome in patients with cubital tunnel syndrome and ulnar nerve 
decompression? A retrospective analysis 
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Objective 

Double crush syndrome is a multifactorial syndrome defined by mechanical compression of a peripheral nerve 
and additional lesion of the compromised nerve by further mechanical, systemic, or pharmacological 
pathologies. It has been associated with an inferior outcome regarding improvement of symptoms and patient 
satisfaction after surgical treatment. 

Methods 

Between January 2011 and October 2020, 273 ulnar nerve decompression procedures for cubital tunnel 
syndrome (CuTS) have been performed in the authors' department. Retrospective analysis of patients with 
double crush syndrome with emphasis on the clinical outcome was performed. The diagnosis was based on 
simultaneous clinical and electrophysiological signs of CuTS and cervical nerve root compression, and MR-
imaging of the cervical spine showing mechanical compression at level C6/7 and/or C7/Th1. 

Results 

Simultaneous CuTS and cervical degeneration was found in 76/273 cases (27.8%). Twenty-three cases (8.4%) 
were classified as double crush syndrome; all patients underwent previous spine surgery. After ulnar nerve 
decompression, 65.2% of patients had regular sensibility or residual sensory deficit. Preoperative regular motor 
function was observed in 34.8% of patients. Postoperatively, regular motor function or marked improvement 
was observed in 82.6% of patients. Preoperative pain was reported in 69.6% of patients, persisting postoperative 
pain was reported in 38.8% of patients. Analysis of the entire CuTS cohort revealed that at last postoperative 
follow-up, 68.5% of patients had regular sensibility or residual sensory deficit. Preoperative motor function was 
regular in 24.2% of patients. Postoperatively, motor function was regular or had markedly improved in 73.7% of 
patients. Preoperative pain was reported in 51.7% of patients; persisting postoperative pain was reported only in 
13.4% of patients of the entire group. 

Conclusion 

While the outcome of sensory and motor symptom relief was similar in patients with double crush syndrome 
compared to the entire cohort, persisting pain was reported more commonly in patients with double crush 
syndrome. Patients with double crush syndrome should be counseled that despite successful decompression 
and improvement of sensory-motor deficits, pain relief might be not as good and satisfactory compared with 
patients who are treated for isolated entrapment neuropathies. Further, findings should be confirmed in a 
prospective study. 
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Palsy and muscular atrophy in severe cases of cubital tunnel syndrome – prognostic factors and clinical outcome 
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Objective 

Cubital Tunnel Syndrome (CuTS) is a common nerve damage that leads to motor and sensory deficits in the 
hand. Many patients present with pronounced muscle atrophy and hand dysfunction as a sign of severe nerve 
impairment. This prospective study aims to clarify if those patients benefit from surgical treatment on a long-
term basis. 

Methods 

Between January 2017 and December 2020 83 consecutive cases of CuTS were treated surgically in our 
department. Of these, we were able to prospectively enrol 33 with pronounced/marked symptomatology and 
advanced muscular atrophy into the study. Clinical data of the treatment course, DASH (Disabilities of Arm, 
Shoulder and Hand) score, high-resolution ultrasound examination, electrophysiological examination, hand 
strength measurement as well as video and photo documentation of motor function (finger cross test (FCT), 
Froment sign) were performed preoperatively and 6 and 12 months postoperatively. 

Results 

16 (48.5%) patients were treated with endoscopic assisted in situ decompression, open decompression and 
transposition was performed in 17 cases (51.5 %). 35.7 % (46.4%) showed improvement of motor deficits 6 and 
12 month after the operation. Muscular atrophy improved in 6 % after 6 and in 15% after 12 months. Motor 
function improved in the FCT in 13% after 6 month and in 43.5% after 12 month. Froment sign was 
preoperatively positive in 93.5%. After 6 month 31% showed a negative Froment sign and after 12 month 37.9%. 
An improvement in motor nerve conduction velocity of 75 % and sensory nerve conduction velocity of 54.5 % 
was detectable after 12 months. An improvement of the DASH score was achieved in 65.2% after 12 months. A 
significant improvement in nerve structure, pseudoneuroma and CSA was not observed in any of the cases, 
neither after 12 nor after 6 months. However, it was shown that pathological findings on ultrasound, in 
particular the presentation of pseudoneuroma or abolition of the fascicle structure, were closely associated with 
a poor result. 

Conclusion 

Even in severe cases of CuTS with clear muscular atrophy and dysfunction of the hand, surgical treatment can 
lead to an improvement in function and, in some cases, a reduction in atrophy. Cases with short symptom 
duration and without clear changes in the preoperative ultrasound have better conditions. 
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Therapie der Meralgia paresthetica – individuelle Krankheitslast, gesundheitsbezogene Lebensqualität und Effekt 
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Treatment of meralgia paresthetica – individual burden of disease, health related quality of life, and impact on 
work status in a single centre surgical cohort 
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Objective 

Compression of the lateral femoral cutaneous nerve (LFCN) results in pain and paresthesia of the lateral thigh 
and is referred to as Meralgia paresthetica (MP). Associations with increasing age, obesity and diabetes were 
previously described, resulting in increasing incidences. Additional diagnosis, misdiagnosis, and choice of 
treatment may influence the individual burden of disease, health related quality of life, and individual work 
status. We aimed to characterize these aspects in patients of a single center surgical cohort. 

Methods 

Ethical approval was obtained by local authorities (01/034/21). A validated questionnaire was sent to 27 patients 
with MP who underwent surgical treatment between 2009 and 2019 and followed up by a structured telephone 
interview. The following variables were assessed: age, comorbidities, BMI, duration of symptoms before surgery 
(in years), type of surgery, success of surgery, pain on visual analogue scale (VAS), time to follow-up (in years), 
health-related quality of life at follow-up evaluated by the EQ-5D-5L, and return to work. Data is presented as 
median with interquartile range (IQR). 

Results 

40% of patients responded to the questionnaire with a female:male ratio of 1:2 and a median age of 51 [47;57] 
years. Symptoms were present 5 years [3-9] before surgery. 82 % of patients underwent single-sided neurolysis. 
Comorbidities were present in 73% of patients (diabetes mellitus in 36%, obesity in 45%, depression in 45%, back 
pain in 54%). Median BMI was 34 [28-38]. Follow-up was conducted at a median of 4 years [1-7] after surgery. 
82% of patients reported a benefit from surgery. Pre-surgical VAS improved from 8 [6-9] to 3 [1-7] at follow-up. 
At follow-up, 45% of patients were retired, 27% due to MP. Only 18% of patients returned to work. Health 
related quality of life on a scale from 0 to 100 was rated with a median of 60 [30-80] and with median 
dimensional values of 2/1/2/3/3 for mobility/self-care/activity/pain/ and anxiety, respectively. 

Conclusion 

Although a substantial number of patients described a clinical benefit from surgery, individual health related 
quality of life at follow-up was lower than the German average and only few patients returned back to work. 
Whether this is influenced by the type of surgical therapy, comorbidities, or other individual factors needs to be 
evaluated in future studies. 

 
 



 

311 

 

Periphere Nervenläsionen/Peripheral nerve lesions 

V153 

 
Die operative Behandlung der Morton-Metatarsalgie: Ergebnisse aus den letzten zehn Jahren 
Surgical treatment of Morton's neuroma – results from the last ten years 
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Objective 

Morton"s neuroma is a common pathology affecting the forefood. Morphologically it is not a true neuroma but 
thickening and fibrosis of a digital nerve (pseudo–neuroma). Patients complain of typical severe pain on weight 
bearing, which is exacerbated by use of tight foodware. The physical examination includes palpation of the web 
spaces and Mulder"s test. Surgical treatment has been reported to be effective. In this context, patients with 
operative treatment from the last ten years were analyzed. 

Methods 

173 patients operated from 01/2010 to 06/2021 were included to the study. In all patients MRI was used to 
confirm an intermetatarsal neuroma. Excision of the neuroma was performed by the dorsal approach using local 
anesthesia and a bloodless field with a tournique at the ankle. Patients' age, gender ratio, localization of the 
neuroma and complications were analyzed. Concerning clinical outcome a questionnaire was returned by 117 
patients. Furthermore, results of the recent study were compared to those of patients evaluated from 1986 to 
1992 (Assmus 1994, Nervenarzt 65: 238-40). At that time no MRI war performed before surgery. 

Results 

The average age of the patients was 55.6±9.4 year, 77.5% of them were female and 22.5% male. In 68.2% the 
neuroma was localized in the third intermetatarsal space, in 31.2% in the second and as rarity in 0.6% (one 
patient) in the first intermetatarsal space. Disorder or delay of wound healing was found in 8.7% of the patients, 
mainly caused by suture dehiscence and necrosis of skin margins. After neurectomy 61.2% of the patients were 
free of complaints, another 25.6% reported minor pain. Only slight or no improvement was found in 7.4% or 
5.8% of the patients, respectively. The results were largely independent of wound healing delay or disturbance. 
Compared to patients investigated in 1986-1992 excellent and good results were about the same, but the 
amount of patients without benefit from surgery at that time was twice as high (11.1% vs. 5.8%). 

Conclusion 

Mostly good to excellent results (>85%) were achieved after excision of Morton"s neuroma, localized in two-
thirds of the patients in the third, one-third in the second and rarely in the first intermetatarsal space. A 
considerable amount of wound healing disturbance did not compromise the results. Comparing studies with and 
without MRI before surgery underlines the importance of clinical examination for diagnosis. On the other hand 
imaging may help to exclude patients who will not benefit from surgery. 
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Neurofibromatosis 1 – Does physical disability necessarily result in worse mental health? 
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Objective 

Neurofibromatosis 1 (NF1) as a chronic-neurocutaneous disease has a relevant impact on quality of life (QoL). 
We have evaluated the role of disease severity, mental and physical health and compared the different severity 
classes of patients with NF1. 

Methods 

A prospective analysis of 89 patients with NF-1 who were treated in specialized NF outpatient department 
between 1/2016 - 3/2018 were included in the study. Employment status, education level and marital status 
were evaluated as well as 36-Item Short Form Health Survey (SF-36). Additionally, numerical pain rating scale 
(NPS) was evaluated. Patients were stratified according to different severity of NF-1 and different visibility and 
severity of disease. 

Results 

Severity grad 4 was identified in 42 (47.2%), moderate in 17 (19.1%), mild in 23 (25.8%) and minimal in 7 (7.9%) 
patients. Visibility scale showed severe grade 3 in 28 (31.5%), moderate grade 2 in 26 (29.2%) and mild grade in 
35 (39.3%) cases. All SF-36 related data except for pain showed significantly lower values, if compared to the 
standard German population (p<0.001, physical component summary p=0.045). Sex, marital status and level of 
education showed no significant differences. Employment was significantly associated with better mental and 
physical status (p=0.028 and p=0.01 respectively) and age >40 was significantly associated with lower physical 
(p=0.027) but not mental component (p=0.362). According to the numerical pain rating scale, 7-10 were noted in 
9 cases (10,1%), 5-6 in 10 patients (11.2%), 1-4 in 26 patients (29.2%) and no pain in 44 cases (49.4%). Physical 
component showed significant difference between different NPS grades (p<0.001) but no significance in mental 
component summery (p=0.06). Finally, we found no significant difference between different severity grades and 
visibility grades in mental component summery. 

Conclusion 

Patients with more severe form of NF-1 does not necessarily have inferior mental health even if physical 
limitations are present. Our cohort showed that employment and age < 40 ys was associated with better QoL 
according to SF-36. 
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Laser Interstitial Thermal Therapy (LITT) as a treatment option in drug resistant epilepsy 
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Objective 

One third of patients with epilepsy do not achieve seizure freedom with medical therapy predisposing patients 
to a lower quality of life and especially in younger patients to cognitive deficits and developmental delays. Open 
epilepsy surgery can decrease seizure frequency or even cure patients but is often associated with cognitive 
deficits due to collateral surgical damage. Therefore, patients with deep seated lesions and those with lower 
chances of seizure freedom have traditionally been considered poor candidates for surgery. We aim to present 
how the use of LITT has challenged this assumption. 

Methods 

The Medtronic Visualaseä system has been employed in the treatment of drug resistant epilepsy since January 
2021. Laser fibers were implanted using a frameless stereotactic approach with or without robot guidance 
(Medtronic StealthStationä S8 ± Stealth Autoguideä). Patient data, lesion volume, ablation volume, surgical 
details and patient outcomes were recorded in a prospectively kept database and descriptively analyzed. 

Results 

During the first year of its use, we were able to treat ten patients, two adults and eight children, in eleven 
procedures. The most common indication was tuberous sclerosis associated epilepsy with multiple lesions, 
where the one or two most active tubera as determined by intracranial EEG recordings were targeted (seven 
procedures in six patients). Focal cortical dysplasias were targeted in two patients, periventricular heterotopias 
in one, and a MRI negative but electrographically active area in one patient. The mean lesion volume was 6.2 ± 
4.9 cm3 and the mean ablation volume was 10.1 ± 4.5 cm3. All patients derived a clinical benefit from the 
procedures, which ranged from seizure reductions and developmental improvements in children with TSC to 
seizure freedom in adult cases, but the postoperative observation period is limited. Two patients had a transient 
hemiparesis and one patient suffers from hemianopsia due to the ablation. 

Conclusion 

LITT is a valuable tool in drug resistant epilepsy that allows minimally invasive ablation of deep-seated lesions. 
Due to the minimal trauma, it is suited for treatment of patients with low chances of seizure freedom where it 
can still produce major benefits for the patients. The procedure is however not risk free and proper planning is 
the fundamental requirement for success. 
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Kombinierte Laser- und Radiofrequenz-Ablation des amygdalohippokampalen Komplexes bei 
Temporallappenepilepsien mit hippokampaler Malrotation 
Combined LITT and radiofrequency-ablation of the amygdalohippocampal complex for temporal lobe epilepsy 
with hippocampal malrotation 
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Objective 

LITT (laser interstitial thermal therapy) for selective amygdalohippocampectomy ( sAH is a minimally invasive 
surgical treatment option for temporal lobe epilepsies(Willie et al., 2014). LITT-sAH regularly utilizes occipital 
entry points in order to lesion the amygdalohippocampal complex (AHC) with a single trajectory. (Wu et al., 
2019). In some cases the individual neuroanatomy of the patient does not permit to find a safe trajectory which 
allows for adaequate lesioning of the AHC. A hippocampal malrotation ( HIMAL), which according to the 
literature has no implications for epilepsy surgery(Tsai et al., 2016), constitutes such a constellation. For these 
cases a combination of LITT and radiofrequency thermal ablation (RF-TA) utilizing multiple trajectories can 
represent a valuable alternative strategy.  

Methods 

We operated 20 epilepsy patients since march 2019 with LITT. Ten patients received a sAH. All procedures were 
carried out utilizing an MRI-compatible ceramic ring of a modified Riechert- Mundinger stereotactic system. This 
constellation enables the continuation of surgery after LITT with RF-lesioning maintaining the identical 
stereotactic space. We could not identify save trajectories for 2 patients with ipsilateral HIMAL which could have 
enabled adequate lesioning. Therefore LITT-amygdalotomy was combined with RF-hippocampectomy. Both 
patients received one LITT- and three RF-lesions.  

Results 

There were no peri- or postoperative complications observed. After a follow-up of three months both patients 
were classified Engel Class 1. 

Conclusion 

HIMAL is a condition which can prevent LITT-sAH using a single trajectory. A combination treatment of LITT-
amygdalotomy and RF- hippocampectomy potentially offers a safe treatment alternative in such cases. HIMAL 
therefore might be relevant in neurosurgical decision making in TLE. Larger cohorts and longer follow-ups are 
needed to confirm the observations made in our patients. 
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Resektionsausmaß des piriformen Cortex ist entscheidend für das Langzeit Anfallsoutcome nach einer selektiven 
Amygdalohippocampektomie bei Temporallappenepilepsie 
Long-term outcome following selective amygdalo-hippocampectomy in temporal lobe epilepsy – piriform cortex 
resection reveals superior seisure control rates 
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Objective 

Transsylvian selective amygdalo-hippocampectomy (tsSAHE) is a valid surgical treatment option for drug-
resistant mesial temporal lobe epilepsy (mTLE) with seizure freedom rates of about 70% following tsSAHE. In a 
recently published study, we showed that resection of at least 27% of piriform cortex strongly correlated with 
seizure freedom one year following tsSAHE. However, the impact of piriform cortex resection on long-term 
seizure outcome is currently unknown. The aim of this study was to evaluate the impact of piriform cortex 
resection on long-term seizure outcome after tsSAHE in patients with mTLE.  

Methods 

Long-term follow-up (FU) was defined as at least two years postoperatively. Between 2012 and 2017, 64 patients 
with mTLE who had undergone tsSAHE at our center with a completed dataset for long-term FU were included in 
the analysis. Seizure outcome at the last available follow-up was assessed according to the International League 
against Epilepsy (ILAE). Patients were stratified according to favorable (ILAE class 1) and unfavorable (ILAE class 
2-6) seizure outcome and resected proportions of hippocampus, amygdala and piriform cortex were 
volumetrically assessed. 

Results 

In the whole cohort, the mean follow-up duration was 3.75 years (yrs) with the range of 2–9yrs. Patients with 
favorable long-term seizure outcome revealed a significantly larger proportion of resected piriform cortex 
compared to patients with unfavorable seizure outcome (mean resected proportion was 42% versus (vs.) 22%, 
p=0.0011). Resected proportions of hippocampus and amygdala did not significantly differ for these groups. 
Among those patients with at least 27% resected proportion of piriform cortex, there were significantly more 
patients with seizure freedom at the last FU compared to the patients with less than 27% resected proportion of 
piriform cortex (83% vs. 39%, p=0.0007). 

Conclusion 

Our results show a strong impact of the extent of piriform cortex resection on long-term seizure outcome 
following tsSAHE in mTLE. Therefore, we suggest the piriform cortex to constitute a key target volume in tsSAHE 
to achieve seizure freedom in the long-term.  
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Subcorticale Faserintegrität und Myelinisierung bei fokaler corticaler Dyplasie – translationale Charakterisierung 
mikrostruktureller Veränderungen durch Diffusion microstructure imaging in vivo und Gewebeanalyse ex vivo 
Subcortical fiber integrity and myelination is impaired in focal cortical dysplasia – translational characterisation 
using diffusion microstructure imaging in vivo and tissue analysis ex vivo 
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Objective 

Structural changes are a major cause of pharmaco-resistant focal epilepsy. Surgical therapeutic options are 
based on the identification of the epileptogenic focus and the extent of the lesion. As severe structural 
impairment of cortical architecture and myelination characterize focal cortical dysplasia (FCD), this translational 
study aims to merge diagnostic methods based on diffusion MRI (dMRI) in vivo introducing a novel 
postprocessing method and microstructural tissue analysis ex vivo. 

Methods 

Sixteen patients with FCD and n=11 control specimens without FCD undergoing presurgical epileptological 
assessment were included in the study. Pre-operative high-angular diffusion weighted images were acquired 
with 61 directions on a 3T MRI scanner and whole brain global fiber tracking was performed. To disentangle 
microscopic cell properties from the effects of mesoscopic structure diffusion microstructure imaging (DMI) 
measurements were obtained based on a three-compartment model using a Bayesian approach. Regions of 
interest (ROI) for further analysis were defined in the dysplastic cortex, the adjacent subcortical white matter 
and in the subcortical transmantle sign. For intraindividual comparison, a corresponding set of ROI was placed 
contralaterally in the identical anatomical region. 

Following neuropathological confirmation of FCD, analysis of (sub-)cortical structure and myelination was 
performed using immunohistochemical methods (NeuN, SMI32, Vimentin, MBP, CNPase) and In situ-
hybridization histochemistry. For structural and quantitative analysis, confocal laser scanning microscopy and 
3D-reconstruction methods were used and complemented by electron microscopy for analysis of ultrastructure. 

Results 

Whereas conventional dMRI merely reveals subtle alterations of diffusivity in FCD, postprocessing for DMI 
identifies specific cortical and subcortical microstructural alterations in FCD in vivo. Complementary ex vivo 
analysis of myelination and fiber composition reveals severe impairment and fragmentation of subcortical fiber 
structure in FCD. 

Conclusion 

The translational analysis of microstructural tissue properties in FCD reveals strong impairment of subcortical 
fiber integrity and myelination. Moreover, the novel method of dMRI with DMI may provide a new diagnostic 
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tool in presurgical epileptological evaluation in order to define the exact dimension of the lesion, essential for an 
optimal surgical strategy and therapeutic outcome. 
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Fortschritte in Roboter navigierter Laser Kraniotomie für Tiefenelektrodenimplantation – eine in-vivo non-
recovery Tierstudie 
Advances in robotic navigated laser craniotomy for depth electrode implantation – an in-vivo non-recovery 
animal study 

F. Winter1, D. Beer2, K. W. Baek2, P. Gono2, C. Dorfer1, K. Rössler3 

1Medizinische Universität Wien, Universitätsklinik für Neurochirurgie, Wien, Österreich 
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Objective 

We previously described a new frameless stereotactic intervention using robotic guided laser beam for depth 
electrode placement. This study tested the feasibility of a new cutting strategy for angulated precision bone 
channels as well as improved cut-through detection using optical coherence tomography (OCT) and a new 
generation of co-axial live video feed. 

Methods 

Preoperative CT scans were performed to plan trajectories for bone channels angulated 45, 60, and 90 degrees. 
(Figure 1) The animals were prepared under general anesthesia by a trained veterinarian conforming European 
requirements and Good Laboratory Practice regulations. A new cutting strategy was implemented consisting of 
two circular paths, an inner section and outer section, and three different ablation phases. After cut-through 
detection bolts and depth electrodes were inserted to confirm cut-through and feasibility. Before termination 
ad-hoc planned laser craniotomies were performed to evaluate unintended cortex damage. 

Results 

71 robotic guided laser beam precision bone channels were cut in four pig specimens. Bolts and depth 
electrodes were implanted solely guided by the trajectory given by the laser precision channels. The new cutting 
strategy showed no irregularities for either cylindrical (n=38, 45°=10, 60°14, 90°=14) or anti-conical (n=33, 
45°=11, 60°=13, 90°=9) bone channels. Entrance hole diameters were 2.25-3.7mm, exit hole diameters 1.25-
2.82mm. Hole diameters were larger with holes angulated either 45 or 60 degrees compared to 90 degrees. 
Angulation and cutting depth showed no significant difference between cylindrical and anti-conical cutting 
strategies. The updated co-axial camera live video feed in addition to OCT reliably detected cut-through. (Figure 
2) Insertion of bolts was achieved in all bone channels. All four anesthesia protocols showed no irregularities. No 
unintended damage to the cortex was detected after laser guided craniotomy. 

Conclusion 

The new cutting strategy showed promising results in more than 70 precision bone channels for angulated 
cylindrical and anti-conical channels in a large in-vivo non-recovery animal study. OCT signal and a new co-axial 
camera proved its feasibility for cut-through detection. 
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Fig. 1 
 

 
 
 
Fig. 2 
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Postoperative Dysphagie nach Vagusnerv Stimulation 
Postoperative dysphagia after vagus nerve stimulation 
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Objective 

Vagus Nerve Stimulation (VNS) has been used to alleviate a variety of intractable conditions including therapy-
refractory epilepsy and depression. The vagus innervates a relevant portion of the musculature involved in 
speech-production and deglutition. Dysphagia and dysphonia in relation to VNS – the surgical implantation of 
the device and the subsequent stimulation itself, have not been conclusively investigated. 

Methods 

VNS implantation procedures were carried out for a total of 16 patients at our neurosurgical unit between 
September 2019 and March 2021. A postoperative fiber endoscopic evaluation of swallowing (FEES) was 
conducted for all patients. The severity of dysphagia and impairment of oral intake, graded on the functional oral 
intake scale (FOIS) were recorded. Patients with a concomitant condition causing dysphagia were excluded from 
the analysis. 

Results 

14 patients (43.75% females, median age 49±19 years) suffering from therapy-refractory epilepsy (3 = 21.42%)) 
or depression (11 = 78.57%) were included in the analysis. Two patients were excluded due to a concomitant 
cause for dysphagia. Among the patients included in the analysis, 10 (71.43%) were found to have dysphagia. 
Hypopharyngeal residues were the major finding. 7 patients (50%) had a mild and 2 (14.29%) a moderate 
dysphagia. None of the patients were found to have severe dysphagia. The remaining 5 patients (35.71%) were 
found to have normal deglutition. FOIS 5 and FOIS 7 recommendations for oral intake were required in 5 
patients each. 5 patients were diagnosed with a left sided vagal paresis without a correlation with their severity 
of dysphagia. 

Conclusion 

The results suggest that VNS implantation and/or the subsequent stimulation can lead to dysphagia. Currently, 
we can recommend postoperative assessment of deglutition. The strongest limitation of this study design was a 
purely postoperative diagnostic scheme. A further investigation with preoperative screening is planned in a 
prospective setting. Furthermore, additional studies with a larger number of subjects are needed to assess, 
among other parameters, spontaneous restitution at long term follow up. 
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Clinical determinants impacting overall survival of patients with operable brain metastases from non-small cell 
lung cancer 
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Objective 

Non-small cell lung cancer (NSCLC) is currently the leading cause of cancer related deaths worldwide and is 
accompanied by a continuously increasing incidence of brain metastases (BM). The recent improvements of 
systemic treatment in NSCLC necessitates continuous updates on prognostic subgroups and overall survival 
curves. In order to improve clinical decision making in tumor boards, we investigated the clinical determinants 
affecting survival in patients with resectable NSCLC BM. 

Methods 

A retrospective analysis was conducted of NSCLC patients with surgically resected BM treated in our institution 
between 01/2015 und 12/2020. Relevant clinical factors affecting survival were identified by univariate analysis 
and included in a multivariate cox regression model. The study was approved by the ethic committee (PV4904). 

Results 

Overall, 264 patients were identified, with a mean age of 62.39 ±9.98 years at initial diagnosis of NSCLC BM. 
Factors that significantly affected overall survival included the systemic metastatic load at time of initial 
diagnosis of BM (mean: 45.9 ±9.7 vs. 58.9 ±9.4 months, p = 0.021) as well as number of BM <2 (mean: 25.5 ±4.4 
vs. 57.4 ±7.8 months, p = 0.014). We adjusted for survival time after neurosurgical intervention and found 
significant survival benefits in patients <60 years (32.5 ±4.3 vs. 28.5 ±5.2 months, p = 0.036) and patients without 
any concurrent systemic metastases at time of NSCLC BM diagnosis (mean 32.4 vs. 34.1, p = 0.032). Our data 
shows that number of BM (singular/solitary), gender and age, but not location (infra-/supratentorial), mass-
edema index and time to BM occurrence seem to impact overall survival in NSCLC BM patients. 

Conclusion 

Our study shows that patients in prognostically favorable clinical subgroups have an overall survival which differs 
significantly from the current state of literature and strongly supports the positive impact of surgical 
intervention. These clinically relevant factors may improve the understanding of the risks, the course of this 
disease and hopefully impact future clinical decision making in tumor boards. 
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Die abklingende Relevanz der Anzahl von Hirnmetastasen bei Patienten mit nicht-kleinzelligen 
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The fading relevance of the quantity of brain metastases in patients with non-small cell lung cancer 
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Objective 

That the number of brain metastases (BM) is included in prognostic assessment models for patients with non-
small cell lung cancer (NSCLC). However, the underlying data were generated in an era with limited systemic 
treatment options. With rapidly changing treatment modalities based on a growing number of targeted driver 
mutations, the importance of the mere BM count is questionable. 

Methods 

We retrospectively analysed NSCLC patients treated for BM between 2010 and 2020. Demographics, baseline 
characteristics and tumor-associated parameters were retrieved from an electronic database. Prognostic factors 
for LC and OS were identified using log rank test and Cox regression analysis. 

Results 

We included 343 patients with BM (male n=187, female n=156; median age 61 (range 32-87 years)). Histological 
subtypes were adenocarcinoma (n=283), squamous-cell carcinoma (n=42) and large cell neuroendocrine 
carcinoma (n=18). The number of BM was singular/solitary in 189, oligometastatic (2-3) in 110, and multiple (>4) 
in 44 patients. Local treatment comprised surgical resection followed by radiotherapy (n=218) or stereotactic 
radiosurgery (n=125). Additive systemic therapy was initiated in 203 patients.  The median LC was 11 months 
(95%CI 8.5 – 13.5) and the median OS was 16 months (95%CI 12.8 – 19.2) for all patients. The number of BM 
neither influenced LC nor OS rates (p=.234 and p=.210, respectively). Controlled systemic disease (HR0.42; 
95%CI 0.284-0.633; p=.001), Karnofsky Performance Status >70 (HR0.41; 95%CI 0.265-0.661; p=.001), and 
additive systemic therapy (HR0.38; 95%CI 0.279-0.530; p=.001) were independent prognostic factors for LC and 
OS. 

Conclusion 

The quantity of brain metastases alone is not a prognostic factor for LC and OS in NSCLC patients anymore in a 
multimodal treatment setting. 
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Schlüsselfaktoren und der Einfluss von frailty auf das Gesamtüberleben bei Patienten mit Hirnmetastasen 
Key prognostic factors and the influence of frailty on overall survival in patients with brain metastasis 
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Objective 

Increasing numbers of brain metastases are noted due to better systemic treatment and therefore prolonged 
survival. Additionally, neurosurgery is facing a rising number of rather old patients with certain pre-disease 
conditions harboring brain metastases. Even if radiotherapy is commonly used for metastases in older patients, 
surgical resection is undoubtedly useful in certain patients. To identify patients amenable for surgery we 
retrospectively compared the integrative impact of frailty and other known factors in the context of overall 
survival. 

Methods 

Consecutive patients with resected brain metastases between 2005 and 2019 were included. Clinical, 
radiological and epidemiological data was analysed retrospectively, Clinical Frailty Score (CFS) was assessed from 
patient charts preoperative and at 3-6 months follow-up. 

Results 

205 patients (110 male and 95 female) with a mean age of 60 years (SD ±12, range 11-84) were included. Each 
point of preoperative Clinical Frailty Score (CFS) increased hazards to decease during our FU for 21% (HR 
1.210/point, CI95% 1.064-1.376; p=0.004), 10 years of age for 30% (HR 1.030/year, CI95% 1.015-1.047; p<0.001) 
and male gender correspondingly for 60% (HR 1.599, CI95% 1.233-2.232; p=0.007). Additionally, multiple BM 
(HR 1.155/each, CI95% 1.001-1.331; p=0.048) and preoperative tumor volume (HR 1.011/cc, CI95% 1.003-1.09; 
p=0.009) showed a significant negative impact on OS. 

Very fit to patients with very mild frailty (0-4) had longer estimated mean OS of 34.6 months (26.7-42.6) 
compared to 15.2 months (6.4-23.9) in case of frailty (5-8) patients (p=0.011). Patients older than 65 years 
showed lower estimated mean OS of 22.3 months (13.5-31.2) in relation to younger ones with 38.2 months 
(28.4-48.0; p=0.011). Estimated mean OS was longer for females compared to males, 43.1 months (31.4-54.9) vs 
22.4 months (14.9-30.0) correspondingly (p=0.004). Estimated mean OS was 36.3 months (26.9-45.6) if 
preoperative tumor volume remained 15cc (p=0.013). 34.1 months (25.4-42.9) OS for singular and 26.2 months 
(15.3-37.1) for multiple BM (p – n.s.) was found. 

Conclusion 

This analysis underlines the importance of patient selection, when considering surgery for brain metastases. 
Even if older patients are frequently withheld from more aggressive surgical treatment, preoperative status 
seemed less important for OS as compared to the clinical development during recovery (FU 3-6months). 
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MRI-based risk assessment for incomplete resection of brain metastases 
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Objective 

Recent studies demonstrated that a gross total resection of brain metastases cannot always be achieved and 
that the surgeon's assessment of the extent of resection differs significantly from the results of the 
postoperative MRI. Subtotal resections (STR) can result in an early recurrence and might have a negative impact 
on survival. We initiated a prospective observational study to establish a MRI-based risk assessment for an 
incomplete resection of brain metastases. 

Methods 

All patients in whom ≥1 brain metastasis was resected were prospectivly included in this study (DRKS ID: 
DRKS00021224; 11/2020-11/2021). As standard, patients received a pre- and postoperative MRI (≤48h after 
surgery), each of which was evaluated by an interdisciplinary board of neurosurgeons and neuroradiologists to 
detect residual tumor. Extensive neuroradiological analyses were performed to identify risk factors for a STR 
which were integrated into a regression tree analysis to determine the patients" individual risk for an incomplete 
brain metastasis resection. In cases of residual tumor, the absolute and relative extent of resection (EORrel) were 
calculated. 

Results 

We included 150 patients (73 female; median age: 62 years), in whom 165 brain metastases were resected. 
Postoperative residual tumor was present in 32 cases (19.4%) (median volume: 0.86ml, median EORrel: 93.5%), of 
which 6 (3.6%) were planned STR (median volume: 3.27ml, median EORrel: 67.3%) - mainly due to motor-
eloquent location - and 26 (15.8%) were unplanned STR (median volume: 0.64ml, median EORrel: 94.7%). The 
following risk factors for unplanned STR could be identified: subcortical metastasis (25.8% vs. 4.3% cortical 
metastasis; p=.001), metastasis location (Fig. 1), not well bordered / diffuse tumor in T1c sequence (24.7% vs. 
8.5% well demarcated, circumscribed tumor; p = .009), metastases ≤5mm distant from the ventricle (32.5% vs. 
10.9% >5mm distant; p = .003), cystic metastases (22.2% vs. 11.5% for solid metastases; p = .063), the surgical 
approach (Fig. 2), contact to the falx/tentorium (36.0% vs. 12.7% without; p = .005). The preoperative tumor 
volume was not substantially associated with the extent of resection. 

Conclusion 

With the MRI-based risk assessment, patients at high risk for STR of brain metastases can be identified. In those 
cases, resection control via intraoperative MRI should be considered. Further analysis will show how tumor 
residuals evolve during follow-up and what impact they have on patient survival. 
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Fig. 1 
 

 
 
 
Fig. 2 
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Hirnmetastasen bei älteren Patienten – Einfluss des Resttumorvolumens auf das Gesamtüberleben 
Brain metastases in the elderly – impact of residual tumour volume on overall survival 
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Objective 

Due to demographic changes and an increased incidence of cancer with age, the number of patients with brain 
metastases (BM) is constantly increasing, especially among the elderly. Nevertheless, geriatric patients are often 
overlooked in clinical trials and impact of resection of BM is a frequently debated topic, that remains unclear and 
needs to be addressed. The aim of this study was to analyze the impact of resection and residual tumor volume 
of elderly patients with BM to determine significant markers on postoperative clinical outcome and overall 
survival(OS). 

Methods 

Patients ≥ 75 years and surgery for BM between 04/2007 – 01/2020 were retrospectively included. The 
respective cohort is the elderly subgroup of a larger cohort that was analyzed and submitted as an abstract as 
well. Due to the special question regarding age, a separate investigation was carried out here. Residual tumor 
burden (RTB) was segmented using early postoperative MRI(72h). Impact of preoperative KPSS, age, sex and RTB 
on OS was analyzed. Survival analyses were performed using Kaplan-Meier estimates for univariate analysis and 
Cox regression proportional hazards model for multivariate analysis. 

Results 

101 patients were included, median age was 78 years. 62 patients (61%) had a single BM, 16 patients (16%) had 
2 BM, 13 patients (13%) had 3 BM and 10 patients (10%) had ≥3 BM. Median preoperative tumor burden 
was 10.3 cm3 (IQR 5-25 cm3) and postoperative tumor burden 0 cm3 (IQR 0-1.1 cm3). Complete cytoreduction 
(RTB=0) was achieved in 52 patients (52%), complete resection of the targeted BM in 78 patients (78%). Median 
OS was 7 months (IQR 2-11). In univariate analysis preoperative KPSS (HR 0.986, 95% CI 0.973-0.998, p=.026) 
and postoperative tumor burden (HR 1.025, 95%CI 1.002-1.047, p=.029) were significant parameters for OS. 
Hereby, RTB=0 was significantly associated with prolonged median OS compared to RTB>0 (12 months vs. 5 
months, p=.007). Furthermore, prolongation of OS was significantly associated with surgery in patients with a 
favorable KPSS, with an adjusted HR of 0.986 (p=.026). However, there were no significances regarding age. 

Conclusion 

RTB is a strong predictor for OS, regardless of age or cancer type. Extent of resection should be confirmed by 
postoperative MRI as complete resection is not warranted by intraoperative estimates. It is crucial to aim for 
maximal cytoreduction to achieve the best long-term outcome for these patients, despite the fact they are 
advanced in age. 
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Der Stellenwert der Chirurgie bei Patienten mit Melanom-Hirnmetastasen nach Einführung der Checkpoint- und 
BRAF/MEK Inhibitor Therapie 
Surgery of malignant melanoma brain metastasis in the light of checkpoint-and BRAF/MEK inhibitor therapy 
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Objective 

The implementation of checkpoint-inhibitor immunotherapy (CII) and inhibition of BRAF/MEK signaling pathway 
(BMI) in the treatment of malignant melanoma (MM) has dramatically improved survival-data of those patients. 
In consequence, the number of patients with MM brain metastasis (MMBM), which is a preferred route of 
spreading in those patients, has raised. Targeted therapies per se have a limited effect on MMBM. Therefore, 
the question when and which metastasis should be treated by surgery has to be reevaluated for that particular 
patient cohort. 

Methods 

We performed a retrospective analysis of MM patients who were treated with CII and/or BMI in the Department 
of Dermatology in our Hospital and/or had at least one operation for MMBM in our Department. Demographic 
and treatment-related data including MRI- and survival- data were evaluated and stored in a database. For 
statistical analysis nonparametric tests were used, particularly survival was analyzed using Kaplan-Meier 
estimator and compared by log-rank analysis. 

Results 

82 patients (58 men; 24 women, age 29 - 82) were identified who had different status of metastasis when 
treatment started or brain metastasis were diagnosed, respectively. Numbers of MMBM initially: solitary: n=35; 
singular: n=15; oligo (<4): n=3; multiple: n=29, which varied during the course of treatments. The combination of 
surgery with CI and/or BMI was associated with significantly longer progression-free survival (PFS) than without 
surgery (p<0.012). Postoperative Rtx was associated with longer PFS but had no effect on OS. Patients 
experiencing the intense combination of all treatment modalities had significantly longer PFS than all other 
groups (p<0.001). Median overall survival was longest in patients who had been treated by surgery, Rtx and BMI 
(22.1 months). 

Conclusion 

Our data support our approach of an intense interdisciplinary follow-up of MMBM patients and a tight 
combination of CII, BMI, surgery and Rtx. Data need to be confirmed by larger multi-institutional cohorts as due 
to individualized treatment schedules, numerous subgroups are generated with comparatively small numbers 
hampering thorough statistical evaluation in many aspects. 
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Safety-Analyse der intraoperativen Bestrahlung in der Hirnmetastasenchirurgie: Die Ergebnisse einer 
prospektiven Beobachtungsstudie und Matched-Pair-Analyse 
Benchmarking of safety indicators for surgical treatment of brain metastases combined with intraoperative 
radiotherapy – Results of a prospective observational study with comparative matched-pair analysis 

A. L. Potthoff1, M. Hamed1, J. P. Layer2, D. Koch2, V. Borger1, M. Heimann1, D. Scafa2, G. R. Sarria2, J. A. Holz2, F. C. 
Schmeel3, A. Radbruch3, E. Güresir1, N. Schäfer4, P. Schuss1, S. Garbe2, F. A. Giordano2, U. Herrlinger4, H. Vatter1, 
L. C. Schmeel2, M. Schneider1 

1Universitätsklinikum Bonn, Klinik und Poliklinik für Neurochirurgie, Bonn, Deutschland 
2Universitätsklinikum Bonn, Department of Radiation Oncology, Bonn, Deutschland 
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Objective 

Intraoperative radiotherapy (IORT) of the operative cavity for surgically treated brain metastases (BM) has 
gained increasing prominence with respect to improved local tumor control. However, IORT performed 
immediately at the time of surgery might be associated with increased levels of perioperative adverse events 
(PAE). In the present study the authors performed safety metric profiling in patients that had undergone surgery 
for BM with and without IORT in order to comparatively analyze feasibility of IORT as an adjuvant radiation 
approach. 

Methods 

Between November 2020 and October 2021, 35 patients were surgically treated for BM with IORT at the 
authors" neuro-oncological center. Perioperative complication profiles were collected in a prospective 
observational cohort study by means of patient safety indicators (PSIs), hospital-acquired conditions (HACs), and 
specific cranial surgery-related complications (CSCs) as high standard quality metric tools and compared to an 
institutional cohort of 388 patients with BM resection without IORT in a balanced comparative matched-pair 
analysis. 

Results 

Overall, 4 out of 35 patients (11%) with IORT in the course BM resection suffered from PAEs accounting for 3 
PSIs (9%) and 1 HAC (3%). Balanced matched pair analysis did not reveal significant differences in perioperative 
complication profiles between the cohorts of patients with and without IORT (p=0.44). 30 day mortality rates 
were 6% for patients with IORT versus 8% for patients without IORT (p=0.73). 

Conclusion 

The present study indicates IORT to constitute a safe and clinically-feasible adjuvant treatment modality in 
patients undergoing surgical resection of BM. 
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Palliative VP-Shunt Anlage bei Meningeosis Carcinomatosa: eine Machbarkeitsanalyse 
Palliative CSF diversion in leptomeningeal metastasis – a feasibility analysis 

O. T. Alhalabi1, A. W. Unterberg1, A. Younsi1 

1Universitätsklinikum Heidelberg, Neurochirurgische Klinik, Heidelberg, Deutschland 

Objective 

Leptomeningeal metastases (LM) represent a dire terminal condition in many patients with primary extra-cranial 
malignancies. With improved survival rates of patients under novel systemic therapy for their respective primary 
tumors, the role of cerebrospinal fluid (CSF) diversion via ventriculo-peritoneal shunts (VP-shunt) for symptom 
control of hydrocephalic LM is gaining more relevance. This study aimed to describe this patient cohort and 
weigh out the benefits against the adverse events after palliative VP-shunt placement. 

Methods 

A single-center retrospective analysis of all consecutive adult patients with VP-shunt placement over a period of 
six years was performed and clinical data (primary disease, clinical presentation, CSF diagnostics, previous 
therapies) in addition to surgical data (shunt devices, surgeries, and complications) and survival data were 
collected. Results were compared to a "non-oncological" shunt cohort and statistical analysis was performed. 

Results 

38 patients with a median age of 53 (18-75) years (13 males, 25 females) underwent VP-Shunt placement. Most 
common underlying oncological conditions were breast cancer (n=21, 55%) and non-small cell lung cancer 
(NSCLC, n=11, 29%). The median time between primary tumor and LM diagnosis was 23 months (0 to 180 
months). 14 patients (37%) presented with end-stage disease at primary tumor diagnosis, 25 (66%) patients had 
cranial metastases. Most patients presented with classical symptoms of intracranial hypertension and 11 
patients (38%) already received intrathecal treatment or radiotherapy before shunting. After shunting, symptom 
relief was achieved in 30 patients (79%) and 24 patients (63%) were eventually discharged home after surgery. 
Subsequently, 63% of the shunted patients underwent systemic or radiotherapy and 55% received intrathecal 
therapy. Revision surgery was conducted for valve malfunctions and infections (n=3, 8% for either) or distal 
catheter malposition (n=2, 5%) but comparison with a "non-oncological" shunt cohort showed no differences in 
complication rates. Median survival from shunting was 2.1 months (95% CI 0.5 to 3 months). 

Conclusion 

While VP-shunt placement could relief symptoms of intracranial hypertension pertaining to LM of primary solid 
tumors without a higher rate of shunt complications with many patients discharged home and continuing 
oncologic therapy, decision-making regarding VP-shunt placement in LM patients retains a palliative nature. 

 
 



 

330 

 

Rapid communications – Neue Forschungsansätze/Rapid communication – New 
research targets 

V172 

 
Charakterisierung der RNA Expression von acht für die Immuntherapie von Glioblastomen relevanten Antigenen 
durch qPCR 
Characterisation of RNA expression of eight antigens relevant for immunotherapy of glioblastoma by qPCR 

A. Zimpel1, J. Weber2, C. M. Monoranu3, M. Löhr1, R. I. Ernestus1, C. Hagemann1, V. Dufner1 

1Universitätsklinikum Würzburg, Klinik und Poliklinik für Neurochirurgie, Würzburg, Deutschland 
2Universitätsklinikum Würzburg, Medizinische Klinik II, Würzburg, Deutschland 
3Universitätsklinikum Würzburg, Neuropathologisches Institut, Würzburg, Deutschland 

Objective 

Immunotherapy leads to promising results in the treatment of glioblastoma (GBM) patients. Recent clinical trials 
revealed a survival benefit of patients treated with monospecific CAR T-cells. However, antigen escape 
mechanisms due to heterogeneous antigen-expression still constitute a critical hurdle for immunotherapeutic 
treatment of GBM and are a major reason for non-response or relapse. Therefore, a target has to be identified 
that is stably expressed in the tumor while having low expression in healthy tissue to avoid on-target off-tumor 
toxicity. 

Methods 

Eight in vitro and in vivo most interesting targets for CAR-T-cell therapy (B7H3, CD70, CSPG4, EphA2, HER2, IL-
13Rα2, Podoplanine (PDPN) and ROR2) were analyzed by qPCR in primary as well as recurrent GBM of 29 
patients. The median expression in brain samples of three healthy specimens served as controls and 
interpersonal heterogeneity of the tumor samples was addressed by comparing the median target expression. 
Expression of the most promising target was also analyzed in a pooled panel of healthy tissue. For survival 
analysis Kaplan-Meier analysis was performed. 

Results 

PDPN showed the highest expression (median: 4.73), followed by CSPG4 (median: 2.73) and B7H3 (median: 
2.37). HER2 (median: 1.25), EphA2 (median: 0.866) and IL-13Rα2 (median: 0.512) displayed medium expression. 
The expression of CD70 (median: 0.009) and ROR2 (median: 0.038) was rather low. All investigated targets had 
high interpersonal heterogeneity but low expression in normal brain tissue. None of them had any significant 
impact on overall or progression-free survival.  Since PDPN showed the highest expression, it was additionally 
investigated in pooled tissue samples of healthy donors. Despite being lower compared to GBM samples, it was 
moderately expressed in placenta, ovary and lung. 

Conclusion 

Interpersonal heterogeneity constitutes a major obstacle for the implementation of GBM immune therapies. 
PDPN shows high expression in a distinct patient collective whilst low expression in pooled healthy tissue. 
Therefore, it could be suitable as potential target for CAR-T cell therapy. 
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Inhibition der Oxidative Phosphorylierung in Glioblastomen durch das natürlich vorkommende Dipeptide 
Carnosin als Wegweiser zur Entwicklung neuer Therapiestrategien 
Inhibition of oxidative phosphorylation in glioblastomas by the naturally occurring dipeptide carnosine as a guide 
to the development of new therapeutic strategies 

C. Bräutigam1, H. Oppermann1, J. Meixensberger1, F. Gaunitz1 

1Universitätsklinikum Leipzig, Klinik und Poliklinik für Neurochirurgie, Leipzig, Deutschland 

Objective 

The naturally occurring dipeptide carnosine is known to inhibit growth of glioblastoma (GBM) cells. This effect is 
accompanied by a non-enzymatic reaction with glycolytic intermediates resulting in decreased activity of the 
pentose phosphate pathway. In addition, data from investigations with two GBM cell lines pointed towards the 
possibility that it might also interfere with mitochondrial metabolism in a GBM subtype specific manner. Here, 
we investigated this possibility using patient derived primary GBM cultures. 

Methods 

The GBM cell lines U87 and LN229 were incubated in medium supplemented either with glucose or pyruvate and 
a combination of carnosine (50 mM) and inhibitors (DNP and oligomycin) of oxidative phosphorylation (OxPhos). 
In addition, twelve patient-derived primary GBM cell cultures were cultivated in medium supplemented either 
with glucose or pyruvate and in the absence and presence of 50 mM carnosine. After 6 hours of incubation ATP 
in cell lysates as a measure of energy metabolism was determined. 

Results 

In the presence of glucose none of the OxPhos inhibitors had a significant effect on ATP production whereas in 
the presence of pyruvate, DNP reduced ATP production to 23.7±9.8% (LN229) and 2.3±1.1% (U87; both: 
p<0.0005). Oligomycin reduced ATP production in the presence of pyruvate to 13.7±8.7% (LN229) and 
9.4±12.5% (U87; both: p<0.0005). This demonstrates that the GBM lines are independent from OxPhos in the 
presence of glucose but are able to use this pathway in case of glucose deprivation. Comparing the effect of 
carnosine in medium containing pyruvate we also observed a significant reduction of ATP production (LN229: 
64.0±18.1%; p<0.0005; U87: 53.5±12.8%; p<0.005). As the inhibitors already severely inhibited OxPhos under 
the conditions employed no combinatorial effect together with the dipeptide was observed. More important, 
investigating the effect of carnosine in primary cultures 12 out of 11 cultures (7 significant) responded to the 
presence of carnosine in medium containing pyruvate (Range: 75% (p>0.0005) to 90% (p<0.05)). 

Conclusion 

In addition to its effect on glycolysis and the pentose phosphate pathway, the naturally occurring dipeptide 
carnosine also affects OxPhos in GBM cells. Further studies using the Seahorse technology to unravel the precise 
mechanisms behind this influence should be performed in order to exploit this observation as a starting point for 
the development of new strategies for the treatment of GBM. 
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BRMS1 Expression in Gliomen  
BRMS1 in gliomas – an expression analysis 

J. J. Feldheim1,2, J. Feldheim2,3, A. F. Keßler2, M. Glas3, R. I. Ernestus2, C. M. Monoranu4, M. Löhr2, C. Hagemann2 
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Objective 

Glioblastoma multiforme (GBM) is the most common malignant primary tumor of the central nervous system. 
Up to this day, patients diagnosed with GBM face an unfavorable prognosis, even with the intense standard 
treatment consisting of surgical resection, radiation and chemotherapy. Therefore, potential future therapeutic 
targets such as BRMS1, a metastasis suppressor that has been described to interact with multiple pathways 
regulating invasion, migration, cell survival and cell adhesion, are of high interest. 

Methods 

We collected a cohort of normal brain specimens (n=11, NB), adult pilocytic astrocytomas (n=4, PA), 
isocitratedehydrogenase– mutated gliomas WHO grade 2/3 (n= 24, IDHmut LGG) and 78 GBM. Then, we 
determined BRMS1 protein expression by immunohistochemical stainings and BRMS1 mRNA expression by 
means of qPCR, before statistically examining associations between expression patterns and retrospectively 
compiled tumor and patient characteristics. 

Results 

On protein level, we observed strong BRMS1 staining in normal cerebrum and cerebellum, whereas GBM 
expressed little to none. BRMS1 mRNA was overexpressed in IDHmut LGG compared to NB (p<0.01, mean 8.9 
fold), PA (p<0.01, mean 8.3 fold) and GBM (p<0.01, mean 6.0 fold). When we performed GBM subgroup analysis 
depending on tumors" growth pattern, local relapses (p=0.04, mean 3.5 fold), local tumors later leading to 
multifocal relapses (p<0.01, mean 3.9 fold) and their multifocal relapses (p<0.01, mean 3.1 fold) all displayed an 
overexpression of BMRS1 mRNA compared to NB. However, BRMS1 mRNA expression was neither associated 
with patients" survival, nor the other obtained tumor and patient characteristics, except from a statistical 
correlation with the percentage of Ki67 positive cells (R=0.36, p=0.02). These observations were verified by 
bioinformatical analyses on a TCGA dataset 

Conclusion 

To conclude, BRMS1 appears to be dysregulated in gliomas. In concordance with its known mode of action, 
BMRS1 mRNA expression was only mild to none in GBM. We did not identify any subgroups within the tumor 
types based on their BRMS1 expression, however IDHmut LGG displayed a surprisingly high expression 
compared to the other entities. Also, there is a contrast between the BRMS1 protein and mRNA expression that 
hints towards post-transcritional processes regulating the BRMS1 expression, as has been described in other 
tumor entities. The underlying mechanisms have not been finally solved and remain a promising focus of future 
investigation. 
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Die kombinierte Hemmung von Bcl-xL/Bcl-2 und SREBP-1 führt zu einer synergistischen anti-neoplastischen 
Aktivität im Glioblastom in vitro 
Combined inhibition of Bcl-xL/Bcl-2 and SREBP-1 results in a synergistic anti-neoplastic activity in glioblastoma 
cells in vitro 

D. Tosin1, D. Schlotter1, A. Dwucet1, M. Hlavac1, M. A. Westhoff2, M. D. Siegelin3, C. R. Wirtz1, G. Karpel-Massler1 

1Universitätsklinikum Ulm, Neurochirurgie, Ulm, Deutschland 
2Universitätsklinikum Ulm, Kinder- und Jugendmedizin, Ulm, Deutschland 
3Columbia University, Department of Pathology and Cell Biology, New York, NY, Vereinigte Staaten 

Objective 

A cellular homeostasis that is shifted away from apoptosis and a reprogramming of the lipid metabolism are 
both, features that are frequently encountered in glioblastoma. This study aimed at investigating whether a 
combined reprogramming of the apoptotic machinery and the lipid metabolism results in a synergistic anti-
glioblastoma activity in vitro. 

Methods 

Established (U251) and primary-cultured glioblastoma cells (PC38, PC40 and PC128) as well as glioblastoma 
stem-like cells (SC38 and SC40) were treated with the Bcl-xL/Bcl-2 inhibitor ABT-263 (navitoclax) and/or the 
SREBP-1 inhibitor Fatostatin. MTT-assays were performed to assess effects of the combination therapy on the 
cell viability. Isobolograms were calculated to characterize the nature of the drug-drug interaction. Spheroids 
were used to determine anti-proliferative effects in a 3-dimensional setting. Staining with annexin V/propidium 
iodide and flowcytometric analysis were performed to assess pro-apoptotic effects. For molecular analyses, 
Western blots and specific knock-down experiments with siRNA were performed. 

Results 

A simultaneous treatment with ABT-263 and Fatostatin resulted in a synergistic anti-proliferative effect on 
established, primary-cultured and glioblastoma stem-like cells as well as spheroids. The prevailing form of cell 
death after combined treatment with ABT-263 and Fatostatin was shown to be apoptosis, which occurred in a 
caspase-dependent manner. On the molecular level, treatment with increasing concentrations of Fatostatin led 
to a downregulation of Mcl-1 in a dose-dependent manner. 

Conclusion 

Our study indicates that combined inhibition of Bcl-xL/Bcl-2 and interference with the lipid metabolism targeting 
SREBP-1 synergistically induces caspase-dependent apoptosis in glioblastoma cells. This effect can also be 
observed in more complex 3-dimensional glioblastoma cell formations.  Further studies will focus on deciphering 
the drug-induced alterations of the metabolic pathways that are responsible for the synergistic effect of this 
therapeutic strategy. 
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Der Vergleich zwischen fokaler und totaler DNA-Methylierung bei Gliome 
The comparison between focal and total DNA methylation in gliomas 

A. Majchrzak-Celińska1, M. Naskręt-Barciszewska2, W. Nowak3, P. Śron1, A. M. Barciszewska4,5,6 
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3Adam Mickiewicz University, Molecular Biology Techniques Laboratory, Poznan, Polen 
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Objective 

The role of epigenetic mechanisms in gliomagenesis is undoubtful. However, their influence on specific 
pathological pathways is not clear. Previously we have shown that loss in total DNA methylation (m5C contents) 
correlates with tumor malignancy as well as with oxidative DNA damage. It has also been shown that promoter 
methylation of many genes is important for gliomas" malignancy and predictive for the treatment outcome. In 
carcinogenesis global DNA hypomethylation, as well as hypermethylation of specific genes can be observed. The 
aim of our project was to evaluate the correlation between total DNA methylation level and promoter 
methylation of selected genes. 

Methods 

We analysed DNA of glioma tissues from 60 patients. For total DNA methylation analysis we used the 
postlabelling method with 32 phosphate. Specific promoter methylation analysis was done for MGMT (O-6-
Methylguanine-DNA Methyltransferase), MPG (DNA-3-methyladenine glycosylase), and  GJA1 (Gap junction 
alpha-1 protein / connexin 43), with the methylation-sensitive high-resolution melting (MS-HRM) method. 

Results 

Total DNA methylation was reversely correlated with brain tumor grade, showing that 5-methylcytosine loss is 
important step in gliomagenesis. From analysed 3 genes only MPG promoter methylation showed clear low 
reverse correlation with tumor grade. Promoter methylation in GJA1 show low correlation with both, MGMT and 
MPG, but there was no relation between MGMT and MPG. IDHwt presence was significantly correlated with 
higher tumor grade, but promoter methylation of MPG and GJA1 were better correlated with IDH status than in 
MGMT. 

Conclusion 

We have found a clear correlation between total DNA methylation and tumor malignancy. Promoter methylation 
correlates with tumor grade only in MPG case, and is not highly correlated with total DNA methylation showing 
low significance in selected cases. Therefore one can suggest diverse mechanisms controlling global and focal 
DNA methylation changes. It also shows that total DNA methylation is simple, and effective predictor of tumor 
grade. 
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Expression verschiedener Komponenten des genomischen AHR Pathways im malignen Melanom 
Expression of key components of the AHR genomic pathway in brain metastases of malignant melanoma 
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Objective 

The Aryl hydrocarbon receptor (AHR) is a ligand activated transcription factor initially linked to exogenic 
carcinogenic agents such as 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD, dioxin). In 2011, the tryptophan (TRP) 
catabolite kynurenine (KYN) was identified as the first endogenous ligand activating the AHR pathway. AHR has 
been shown to be involved in several biochemical pathways and cellular processes such as the cell cycle, cell 
migration, tumorigenesis, and immune function. AHR is expressed in cells of the central nervous system and 
dysregulation of AHR, its nuclear translocator (ARNT), its Repressor AHRR and the KYN building Enzyme TRP-2,3-
dioxygenase 2 (TDO) has been linked to poor survival in patients with Glioblastoma. In this study we aimed to 
evaluate a potential role of AHR, ARNT, AHRR and TDO in brain metastases of malignant melanoma. 

Methods 

Western Blot analysis was used for quantitative analysis of Ahr, Arnt, TDO and AHRR. 16 matched tumors were 
obtained via neurosurgery, 8 metastatic and 8 recurrent tumors and immediately frozen using liquid nitrogen. 
The proteins were extracted using RIPA lysis buffer. Western Blot was performed, followed by detection via 
peroxidase linked secondary antibodies. 

Results 

Ahr was upregulated in Metastases (0,5854+/-0,2946) and slightly also in the recurrent tumor (0,2569+/-0.1812) 
compared to control brain tissue (0,0677+/-0,0395). In the case of ARNT, expression was only slightly 
upregulated in metastases (0,1683+/-0,1075) and in the recurrent tumor (0,1827+/-0,1779) compared to control 
tissue (0,1138+/-0,0457). AHRR was only upregulated in metastatic tissue (1,2285+/-0,5474), while being slightly 
downregulated in recurrent tissue (0,3644+/-0,453), comparative to the control group (0,5546+/-0,1299). The 
expression of TDO was upregulated in both metastatic (0,1282+/-0,0482) and recurrent (0,1291+/-0,0661) tissue 
versus normal tissue (0,0929+/-0,0678). 

Conclusion 

All components of the AHR pathway are upregulated in cerebral metastases compared to controls, suggesting a 
possible target for therapy with AHR inhibitors or other drugs inhibiting the genomic pathway. In the recurrent 
brain metastases, parts of the pathway are either similar to metastatic tissue, as is the case in the expression of 
ARNT and TDO, suggesting a persistence of the removed metastatic tissue, or downregulated, suggesting 
dedifferentiation of the recurrent cancer to the initial metastases. 
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Epigenetische Charakterisierung von Hämangioblastomen 
Epigenetic characterisation of Hemangioblastomas 
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Objective 

Hemangioblastomas (HBs) of the central nervous system are rare tumors and occur sporadically or as a 
manifestation of von Hippel-Lindau (vHL) disease. Despite their benign nature, the clinical course is variable. 
Therefore, a better knowledge of molecular factors involved in HB tumor biology may aid in identifying patients 
at risk for recurrence. 

Methods 

DNA methylation profiling was performed in a series of 47 HBs. Clinical data were retrieved retrospectively from 
medical records. Histologic subtypes (reticular and cellular) were extracted from the pathology reports. All 
samples were analyzed on the Infinium Methylation EPIC BeadChip to determine the methylation status of ca. 
850.000 CpG-Sites and were performed in R 4.0.3 and 4.10. After preprocessing with minfi and quality checks, 
the most variable CpG-Sites were selected by standard deviation, and dimensionality reduction was performed 
with tSNE and UMAP. Consensus clustering was performed using the COLA-Package to determine the number of 
subgroups. 

Results 

The series comprised 29 males and 18 females, including 28 individuals with vHL disease. Median age of patients 
with vHL associated tumors was significantly younger (39.6 vs. 55.7 years, p= 0.00048, t-test). Thirty tumors 
occurred in the cerebellum, 8 in the brainstem, while 8 HBs were spinal. Dimensionality reduction and 
unsupervised clustering of DNA methylation data separated the tumors into two distinct and stable subgroups 
(30 group 1 and 17 group 2). The two subgroups were associated with tumor location and the histologic subtype 
(p=0.00000001, Chi-square test). Reference-free deconvolution revealed four latent methylation components, 
two of which were associated with an endothelial signature. 

Conclusion 

Results indicate DNA methylation might play a role in the biology of HBs. No difference could be determined 
between sporadic and vHL-associated HBs as well as cyst-forming vs. non-cyst-forming HBs. There is strong 
evidence that cerebellar HBs significantly differ from non-cerebellar hemangioblastoma in the spinal column and 
brainstem. Further examination of latent methylation components of a larger cohort is warranted. 
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Die Wirkung der miRNA-219 auf die Expression von HMGA2 und das Überleben von Glioblastomzellen 
Influence of miRNA-219 on HMGA2 Gene expression and survival in human glioblastoma cells 

H. Gött1, S. Becker1, P. Di Fazio1, J. Nagl1, F. P. Schwarm1, M. Stein1, E. Uhl1, M. A. Kolodziej1 
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Objective 

High-mobility group AT-hook protein 2 (HMGA2) is a transcription factor that leads to tumor progression and cell 
proliferation in several types of cancer. We could recently show, that HMGA2 is overexpressed in human 
glioblastoma (GBM) and a higher HMGA2-expression is associated with worse prognosis. The miRNA-219 targets 
HMGA2 and downregulates its expression, leading to tumor suppression and growth inhibition in various cancer 
cells. This study aims to investigate the influence of miRNA-219 on HMGA2-expression and cell survival in human 
glioblastoma cells. 

Methods 

G28 and A172 cells were cultured and transfected with the mirVana™ hsa-miR-219a-5p micro-RNA-Inhibitor or a 
miR-219a-5p mimic (both Life Technologies, Thermo Fisher[HG1] ). After 48 hours RNA was isolated and 
expression of HMGA2 and miR-219 was examined by quantitative real-time-PCR and cell survival was 
investigated by CellTiter-Glo 2.0 ATP-Assay (Promega) and FACS analysis. 

Results 

In both GBM-cell lines miR-219 expression was downregulated after transfection with the miR-219a-5p micro-
RNA-Inhibitor and upregulated after transfection with the miRNA-219 mimic. In G28 HMGA2-expression was 
increased after transfection with the miRNA-219 inhibitor, while the mimic did not show an influence on 
HMGA2-gene-expression. In A172 cells HMGA2-expression could be downregulated with the miRNA-219 mimic, 
but no influence of the miRNA-219 inhibitor could be observed. There was no difference in cell survival in G28 
cells. A172 cells that were transfected with the miRNA-219 mimic showed increased survival compared to A172 
cells treated with the miRNA-219 inhibitor. 

Conclusion 

In both investigated cell lines miRNA-219 transfection led to a change of HMGA2-gene-expression. Cell survival, 
however, could not be impaired by HMGA2 downregulation. These results suggest that there is an influence of 
miRNA-219 on HMGA2-expression in human GBM cells. Contrary to our assumption HMGA2 downregulation did 
not decrease cell survival. This implies that HMGA2 mediated tumor progression might happen via different 
mechanisms of action. 
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Death Receptor 6 als prognostischer Marker in LGG 
Death receptor 6 as prognostic marker in low grade glioma 
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Objective 

Low grade glioma (LGG) are heterogenous tumours, causing variable survival in patients. Identifying molecular 
markers for a more accurate prognosis is therefore important. Since death receptor 6 (DR6) is upregulated in 
glioma and shows an aberrant signalling network, we tested its suitability as prognostic marker. 

Methods 

DR6 was investigated in patient samples via PCR and Western Blot. Clinical data was analysed and compared to 
The Cancer Genome Atlas (TCGA) "brain lower grade glioma" dataset. 

Results 

DR6 is enhanced in LGG and its expression increases in recurrent LGG. DR6 mRNA expression was enhanced in 
tumour samples (0.2418 ± 0.1762 vs. 0.08442 ± 0.02662, p=0.0031). On the protein level, the receptor was 
increased in cancer samples, though not significantly (0.2634 ± 0.1187 vs. 0.1688 ± 0.1083). The receptor shows 
a protective effect in primary LGG with a significantly elongated progression free survival that was confirmed in 
the TCGA study. This effect is reversed in relapsed LGG in which cases with high DR6 expression reveal a shorter 
overall survival. We analysed only the primary LGG tumour samples in our study which exhibited a significantly 
longer PFS for cases with high DR6 expression compared to samples with low DR6 level (HR 0.4094, 95% CI 
0.1968 to 0.8516) (Figure 4c). This effect was independent of other prognostic factors. 

Conclusion 

DR6 is an interesting candidate for further studies regarding its effect as a prognostic marker, playing an 
opposing role in primary and relapsed LGG. 
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Einfluss der DNA-Methylierungsmuster auf die Intensität der 5-ALA Fluoreszenz-gestützten Resektion bei IDH-
Wildtyp Glioblastomen 
Impact of genome-wide DNA methylation profiling on intensity of 5-ALA fluorescence-guided resection of IDH-
wild type glioblastoma 

R. Drexler1, T. Sauvigny1, M. Westphal1, U. Schüller2, L. Dührsen1, F. L. Ricklefs1 

1Universitätsklinikum Hamburg-Eppendorf, Klinik und Poliklinik für Neurochirurgie, Hamburg, Deutschland 
2Universitätsklinikum Hamburg-Eppendorf, Institut für Neuropathologie, Hamburg, Deutschland 

Objective 

5-aminolevulinic acid (5-ALA) fluorescence-guided resection was proven to increase the percentage of complete 
resections of CNS tumours and improves the PFS of IDH-wild type glioblastoma. Even though 5-ALA-guided 
tumor resection of high-grade gliomas is the current state of the art, reports about a missing 5-ALA fluorescence 
exist. A sufficient explanation for these challenging cases is missing. In this study, we aimed to investigate the 
influence of methylation subclasses and genetic alterations using genome-wide DNA methylation on the 5-ALA-
fluorescence intensity in IDH-wild type glioblastoma. 

Methods 

Patients who were newly diagnosed with IDH-wild type glioblastoma after 18 years of age and underwent 
surgery were retrospectively analysed from our prospective maintained database. The intensity of intraoperative 
5-ALA fluorescence was categorized as no visible, intermediate, or strong fluorescence assessed from the 
operating neurosurgeon. DNA was extracted from tumors and analyzed for genome-wide DNA methylation 
patterns using the Illumina EPIC (850k) array. Assessment of gene alteration was performed using the brain 
tumor classifier of the DKFZ. 

Results 

74 patients were included in this study. Of these, 12 patients (16.2%) showed no 5-ALA fluorescence whereas 43 
patients (59.7%) had an intermediate and 19 patients (24.1%) a strong intensity. Basic characteristics were 
balanced between these groups (p>0.05). The 5-ALA fluorescence intensity was not influenced by DNA 
methylation subgroups (RTK I, RTK II and mesenchmal). However, an EGFR amplification was found to be 
associated with the intensity of intraoperative 5-ALA (p<0.01). All glioblastomas with a missing 5-ALA 
fluorescence, were EGFR-amplified using the copy number variation (CNV)-profile, respectively. In addition, 
MGMT promotor methylation status and PDGFRAamplification correlated significant with a stronger intensity 
(p<0.01). 

Conclusion 

Our study demonstrates the association between the intensity of 5-ALA fluorescence of IDH-wild type 
glioblastoma and EGFR gene amplification but not DNA methylation subclasses. Our results demonstrate this 
correlation in vivo for the first time. 
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Verifizierung einer Rezidivsignatur bei Gliomen 
Verification of a recurrence signature in gliomas 

S. Weber1, R. Goldbrunner1, M. Timmer2 

1Universitätsklinikum Köln, Klinik für Neurochirurgie, Köln, Deutschland 
2Universitätsklinikum Köln, Klinik für Neurochirurgie, Köln, Deutschland 

Objective 

miRNAs are small, non-coding RNA segments that influence gene expression. To do this, they bind to 
corresponding mRNA segments and inhibit the subsequent translation of the proteins. It is currently assumed 
that about 30% of our genes are regulated by miRNAs. Dysregulated miRNAs can act as tumour promoters as 
well as tumour suppressors. The aim of this study was to verify let-7a,-7b and miRNA-92a as a signature for the 
detection of glioma recurrence by analysing their expression in glioma tissue. 

Methods 

Samples: Tissue was obtained during neurosurgery and shock frozen in liquid nitrogen. Only glioma patients 
(n=25) with two or more relapses were included in the study (tissue samples n=89). RT qPCR: Performed with 
miRCURY LNA SYBR Green PCR Kit (Qiagen). The primers of let-7a, let-7b and miRNA-92a were purchased from 
Qiagen. miRNA-151a was used as internal reference. 

Results 

The expression of let-7a shows a tendency of lower expression in first relapse compared to primary glioma. The 
expression level of let-7b was significantly lower in first relapse compared to primary glioma (p<0,005). miRNA-
92a shows a tendency of lower expression in first recurrent compared to primary. In relation to tumour grade 
there"s a significant lower expression of let-7a and 7b with increasing tumour grade (p<0,0001). miR92a 
presents a significant higher expression in high-grade glioma than in low-grade glioma (p<0,01). 

Conclusion 

The results of this study suggest that let-7a and -7b acts tumour suppressive and miRNA-92a is oncogenic. 
Furthermore, let-7b is constantly expressed at a lower level in the first relapse compared to the primary tumour, 
regardless of tumour grade. To assess the role of let-7a and miRNA-92a as relapse markers, more 
comprehensive analyses of expression in first relapse and primary tumour tissue are required. 
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[68Ga]Ga-DOTA PET zur Diagnostik eines spinalen Liquor-Lecks 
[68Ga]Ga-DOTA PET for diagnosis of spinal cerebrospinal fluid leaks 

P. Evangelou1, M. Omrane2, J. Thurow2, M. Mix2, C. Fung1, N. Lützen3, G. Blazhenets2, H. Urbach3, J. Beck1, P. 
Meyer2 

1Universitätsklinikum Freiburg, Klinik für Neurochirurgie, Freiburg i. Br., Deutschland 
2Universitätsklinikum Freiburg, Klinik für Nuklearmedizin, Freiburg i. Br., Deutschland 
3Universitätsklinikum Freiburg, Klinik für Neuroradiologie, Freiburg i. Br., Deutschland 

Objective 

Spontaneous intracranial hypotension (SIH) due to leakage of cerebrospinal fluid (CSF) causes substantial disease 
burden. In many patients with SIH the course is protracted and refractory to conservative treatment, requiring 
targeted blood patching or surgery. We propose positron emission tomography (PET) of the CSF space with 
[68Ga]Ga-DOTA as a state-of-the-art approach of radionuclide cisternography (RC) and validate its diagnostic 
value. 

Methods 

Forty consecutive patients with suspected intracranial hypotension underwent whole-body hybrid 
PET/computed tomography (CT) at 1, 3 and 5 hours after intrathecal lumbar injection of [68Ga]Ga-DOTA (about 
40 MBq). Scans were retrospectively analyzed by two independent raters blinded to clinical data. Direct and 
indirect signs of tracer egression from the CSF space and summary ratings were filed by the raters separately 
and in consensus. In addition, a volume of interest analysis was performed to assess the biological half-life of the 
tracer in CSF space (T1/2,biol) and the ratio of decay-corrected activity in the CSF space at 5 and 3 hours (R5/3) 
as a simplified marker of tracer clearance. 

Results 

The working diagnosis was intracranial hypotension due to spontaneous (n = 32, one excluded because of 
puncture failure) or post-interventional (n = 8) CSF loss. A spinal CSF leak could be verified by comprehensive 
stepwise neuroradiological workup, surgical findings and follow-up in 18 of 39 patients. As the only direct and 
indirect diagnostic signs of RC, tracer egression at the cervicothoracic junction and lack of activity over the 
cerebral convexities (5-h scan) showed a high diagnostic value for CSF leakage(sensitivity/specificity: 67%/90% 
and 94%/67%, respectively). Their combination provided little improvement (71%/95%), being slightly superior 
to the summary rating (83%/67%; based on pre-study experience). Additional quantitative analyses added no 
benefit (T1/2,biol: 94%/53%; R5/3: 94%/58%). Of note, direct signs of tracer egression did not correlate with 
verified sites of leakage. The estimated radiation exposure due to the entire examination was about 5 mSv. 

Conclusion 

We propose CSF PET with [68Ga]Ga-DOTA as a novel, fast and convenient approach of RC for verification of CSF 
leaks with high sensitivity and specificity. CSF PET may fulfill an important gatekeeper function to stratify patients 
towards escalation or de-ecalation of diagnostic and therapeutic measures. 
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Erholung der Faserintegrität nach mikrochirurgischer Dekompression bei Trigeminusneuralgie 
Diffusion MRI indicating structural nerve recovery after microvascular decompression in trigeminal neuralgia 

F. Dirks1, R. Louçäo1, K. Burg1, N. von Spreckelsen1, M. Hoevels1, T. Lichtenstein2, R. Goldbrunner1, J. A. Hampl1, C. 
Weiß-Lucas1 

1Universitätsklinikum Köln, Zentrum für Neurochirurgie, Köln, Deutschland 
2Universitätsklinikum Köln, Institut für Diagnostische und Interventionelle Radiologie, Köln, Deutschland 

Objective 

Previous studies using MRI techniques such as diffusion tensor imaging (DTI) as a diagnostic tool for trigeminal 
neuralgia found a significantly lower fractional anisotropy (FA) in the root-entry-zone of the affected nerve. We 
hypothesized that postoperative DTI might show an increase in fibre directionality, corresponding to structural 
recovery of the trigeminal nerve, going along with clinical improvement. 

Methods 

62 patients (26 male, 36 female, median age 64 years) who underwent microvascular decompression were 
assessed using a standardized questionnaire including a numeric rating scale and a brief pain inventory-facial 
and an MRI (3D-T1, -T2, DTI) at three points in time each: MRI/questionnaire 1 day preoperatively, MRI 48 hours 
postoperatively / questionnaire 7 days postoperatively, and MRI/questionnaire 3 months postoperatively. All 
patients were operated using an autologous cushion (muscle patch), allowing for widely artefact-free 
postoperative diffusion MRI. Data processing was performed using FSL. Bilateral FA-values were measured in the 
root-entry-zone and the cisternal segment of the brainstem. Regions of interest (ROIs) were drawn in three-
dimensional space using the software iPlan, and a standardized ROI volume of 0.02 cm2. 

Results 

Pain relief was achieved in 93.61% of the patients whereas 6.39% were defined as partial or non-responders. 
Overall, a significant decrease in pain levels was found at both 7 days (by 90.3 ± 17.9%; p<0.001) and 3 months 
postoperatively (by 83.0 ± 34.1%; p<0.001). FA-values of the ipsilateral trigeminal nerve (root-entry-zone) 
showed a significant increase after 3 months (p<0.05), as opposed to no significant change of the FA on the 
contralateral side. 

Conclusion 

Pain relief achieved by microvascular decompression of the trigeminal nerve (using interposition of muscle 
tissue) is reflected by a significant improvement of ipsilateral fibre integrity. This suggests that the clinical 
success of surgery translates to a structural recovery of the affected trigeminal nerve in the root entry zone. 
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Diffusions-MRI-Metriken basierte Vorhersage von Aphasie in Bezug auf Faserbündel-Orientierungs-Karten 
Diffusion MRI metrics-based aphasia prediction based on tract orientation mappings 

B. Shams1,2, K. Reisch1, P. Vajkoczy1, T. Picht1,2, L. Fekonja1,2 

1Charité – Universitätsmedizin Berlin, Klinik für Neurochirurgie, Berlin, Deutschland 
2Humboldt Universität Berlin, Cluster of Excellence: “Matters of Activity. Image Space Material", Berlin, Deutschland 

Objective 

Damage to the major white matter (WM) structure caused by brain tumors may lead to various degrees of 
dysfunction. The aim of this study was to predict language impairments (aphasia) in brain tumors invading 
language networks. To this end, we applied machine-learning based analysis using dMRI-based metrics within 
regions related to language pathways using automated tractography. 

Methods 

80 patients with left-hemispheric language-eloquent gliomas (WHO grade II (10), III (24), IV (44)) and metastases 
(2) were included (32 females, 48 males, average age=52.71, SD=14.4, age range 21-83). The language status 
was assessed preoperatively using Berlin Aphasia Score (BAS), labelling non-aphasics with 0 (BAS=0, n=55) and 
aphasics with 1 (BAS>0, n=25). Tract Orientation Mappings (TOMs) related to language function in both 
hemispheres were generated automatically in individual space using TractSeg. DMRI metrics (AD, ADC, FA and 
RD) were sampled within specific tracts in the left hemispheres using TOMs. Z-score normalization per voxel was 
performed based on values of the corresponding tracts in the right hemisphere and mean and std were 
extracted as features, subsequently. A support vector machine (SVM) with RBF kernel and random forest-based 
feature selection method was trained using dMRI-related WM statistics (mean and std per bundle) and was 
further evaluated with 5-fold cross-validation to predict aphasia. 

Results 

The best model performance was achieved with features extracted from regions related to language pathways 
based on dMRI metrics reaching up to accuracy 77.7% (specificity 79.4%, sensitivity 74% and AUC 76.7%). 
Features from AF (arcuate fasciculus), MLF (medial longitudinal fasciculus) and IFOF (inferior fronto-occipital 
fasciculus) ROIs were selected as the most effective features and RD and AD were the most effective dMRI 
metrics, respectively. Moreover, by incorporating age, gender and tumor WHO grade with dMRI-based features, 
the model performance remained the same with only a slight change in specificity (78.5%) and sensitivity 
(75.8%). 

Conclusion 

We have demonstrated that the detailed WM analysis of individual patients using various dMRI-based features 
allows us to predict language impairment with high accuracy. Also, this study confirmed that AF is the main 
pathway to maintain language function. The model" s high accuracy points towards a relevant potential to 
enhance future preoperative neurosurgical planning and analyses. 
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Fehlidentifizierung unwillkürlicher und unvorhersehbar auftretender sprechmotorischer Symptome als 
sprachrelevant bei stimulations-basierten Sprachkartierungen stotternder Gliom-Patienten 
Misidentification of involuntary and unpredictably manifesting speech motor symptoms as language-relevant 
during stimulation-based language mapping in glioma patients who stutter 

L. Kram1, B. Neu1, A. Schröder1, B. Meyer1, S. M. Krieg1,2, S. Ille1,2 

1Klinikum rechts der Isar der TU München, Klinik und Poliklinik für Neurochirurgie, München, Deutschland 
2Klinikum rechts der Isar der TU München, TUM Neuroimaging Center, München, Deutschland 

Objective 

Stimulation-based pre- and intraoperative language mapping approaches rely on identifying a causal link 
between stimulated cortical site and language function. However, stuttering, a speech motor impairment 
eliciting involuntary repetitions, prolongations or (in-)audible pauses, confounds the identification of 
stimulation-induced disruptions of language function. This study ascertained the impact of stuttering on the 
results of preoperative language mappings. 

Methods 

A trained speech and language therapist identified patients who stuttered based on video recordings of an 
object naming task routinely used for preoperative language mapping. Two operators of a nTMS system 
(navigated transcranial magnetic stimulation) with different degrees of experience analyzed the stimulation 
exams of the patients who stutter. Finally, we compared the percentage of stuttering events mis-classified as 
stimulation-induced language errors between TMS operators for each patient individually. 

Results 

Post-hoc analyses of baseline video recordings revealed that 2.6% of 77 asleep surgery and 11.5% of 26 awake 
surgery patients with histologically confirmed glioma, undergoing preoperative language mapping between 
05/2018 and 01/2021, presented with a stutter. In five patients who stuttered, the highly experienced TMS 
operator classified on average 48.4% (range: 18.2-100.0%) of isolated stuttering events as stimulation-induced 
language relevant sites, the less experienced operator 64.8% (range: 35.3-100.0%). 

Conclusion 

These randomly manifesting stuttering symptoms had a major and direct impact on the results of the language 
mapping and were frequently misidentified as language-relevant cortical sites. Thus, it is highly important to 
differentiate these speech errors as this could have a direct effect on the surgical approach and functional 
outcome for brain tumor patients who stutter. 
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Prädiktion des IDH-Mutationsstatus in Gliomen mittels 2-Hydroxyglutarat Magnetresonanzspektorskopie 
IDH mutation prediction in glioma using 2-Hydroxyglutarate magnetic resonance spectroscopy 

T. Juratli1, D. Daubner2, M. Peitzsch3, G. Eisenhofer3, G. Schackert1, D. Krex1, J. Linn2, A. Werner2 

1Carl Gustav Carus Universitätsklinikum, TU Dresden, Klinik und Poliklinik für Neurochirurgie, Dresden, Deutschland 
2Carl Gustav Carus Universitätsklinikum, TU Dresden, Institut und Poliklinik für diagnostische und interventionelle Neuroradiologie, Dresden, 
Deutschland 
3Carl Gustav Carus Universitätsklinikum, TU Dresden, Institut für Klinische Chemie und Laboratoriumsmedizin, Labor Klinische Neurochemie,, 
Dresden, Deutschland 

Objective 

Non-invasive and accurate diagnostic techniques to detect isocitrate dehydrogenase (IDH) mutant glioma have 
great potential in routine clinical practice. To date, only a few centers worldwide were able to establish 2HG 
detection by magnetic resonance spectroscopy (MRS) in glioma. Here, we report on the results of 2-
Hydroxyglutarate (2HG) single-voxel spectroscopy (SVS) in a large glioma patient"s cohort. 

Methods 

A total of 74 glioma patients were prospectively investigated using point-resolved spectroscopy at 3 T in parallel 
with standard clinical magnetic resonance imaging and assessment. The IDH1/2 mutation status was determined 
using next generation sequencing in the glioma tissue. In addition, in a subset of patients (n=9), 2HG 
concentrations were measured in the tissue by liquid chromatography-tandem mass spectrometry (LCMS). 

Results 

Only cases with histologic confirmation were included in the analysis (n=52). The cohort persisted of 38 IDH 
mutant gliomas (19 astrocytomas, 13 oligodendrogliomas and 6 glioblastomas), 8 IDH wild-type glioblastomas, 
three radiation-associated necrosis and three other benign pathologies. The 2HG concentration in the 
spectroscopy varied between 0.45 and 6.9 mM. IDH mutations were correctly predicted by 2HG-MRS with 82.1% 
sensitivity and 63.6% specificity. Analyzing the 2HG level with LCMS in false positive (n= 5) and false negative 
(n=4) cases confirmed the false predication of 2HG-MRS. Importantly, all three cases with a radiation-associated 
necrosis in IDH mutant gliomas were predicted correctly.      

Conclusion 

Our findings suggest that 2HG spectroscopy is a reliable and reproducible method in IDH mutation prediction in 
gliomas, from indolent disease through post-treatment follow-up. We envision that 2HG MRS can be used as a 
diagnostic tool in glioma clinical trials. 
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Der Wert motorisch evozierter Potenziale bei der Erkennung von mechanischen versus vaskulären Verletzungen 
während der Resektion supratentorieller Raumforderungen 
The value of motor evoked potentials in detecting mechanical versus vascular injury during resection of 
supratentorial mass lesions 

P. Alvarez Abut1, E. Asimakidou1, A. Raabe1, K. Seidel1 

1Inselspital, Universitätsspital Bern, Universitätsklinik für Neurochirurgie, Bern, Schweiz 

Objective 

During resection of supratentorial mass lesions, motor deficits might be caused by different patterns of injury: 
mechanical (damage of primary motor cortex/corticospinal tract), ischemic (due to coagulation of perforator 
arteries), or lesion of associative motor areas. Recently, we performed a scoping review to asses motor evoked 
potentials (MEP) warning criteria. Here we present the data of a subgroup of patients, with focus on the pattern 
of injury. 

Methods 

A systematic search of the literature using PubMed, Embase, Scopus, CINAHL and the Cochrane Library was 
undertaken. Inclusion criteria were electrically elicited MEP with predefined alarm criterion in anesthetized 
patients undergoing supratentorial brain surgery with quantitative report of motor outcome.  For this subgroup 
analyses we focused on supratentorial parenchymal lesions. 

Results 

Of the included papers, 54.8% described the different injury patterns. For permanent deficits, 2 groups 
described exclusive mechanical injury, 6 exclusive vascular and 8 mixed patterns. For transient deficits, 3 groups 
described exclusive mechanical injury, 1 exclusive vascular and 3 mixed patterns. 

Of 1551 cases, there were 7.8% of permanent deficits (3.2% mechanical, 2.6% vascular and 1.9% of unclear 
cause). For mechanical injury 38, 6 and 4 cases had irreversible, reversible and no change of MEP, respectively; 
whereas for vascular injury the corresponding numbers were 30, 5, and 5 (table 1). 

For transient deficits, 27 cases were due to mechanical injury, of which 9 had irreversible, 1 reversible and 17 no 
change of MEP. For vascular injuries (12 cases) the corresponding numbers were 4, 5 and 3, respectively (table 
2), with more reversible changes in vascular than mechanical cases (P=0.01-Chi square test). 

Conclusion 

In the group of patients with transient motor deficits, the subgroup with vascular injury had more reversible 
MEP changes than the mechanical injury patients. This suggests that an MEP alert may reduce permanent motor 
deficits caused by ischemia. 

In the whole group, we observed a slight predominance of mechanical injury. Thus, mapping strategies may 
improve surgical guidance. 
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Vergleich zwischen optisch kohärenz-tomographischen Bildern und histologischen Schnitten peripherer Nerven 
Comparison between optical coherence tomography images and histological sections of peripheral nerves 

A. Carolus1, C. Brenke2, V. Braun1 

1Klinikum Diakonie Jung-Stilling, Neurochirurgie, Siegen, Deutschland 
2Bergmannsheil und Kinderklinik Buer, Neurochirurgie, Gelsenkirchen, Deutschland 

Objective 

Die optische Kohärenztomographie wurde in den 90er Jahren entwickelt. Es handelt sich um ein Verfahren, bei 
dem längerwelliges Licht auf streuendes Gewebe geworfen und aus der Reflexion dann ein Bild produziert wird – 
analog zur Sonographie, die statt mit Licht mit Schall arbeitet. In einer früheren Anwendungsstudie der Autoren 
(zuletzt vorgestellt auf der DGNC 2019) konnte gezeigt werden, dass es anhand von OCT gelingt, hochaufgelöste 
Ausschnitte eines peripheren Nervens darzustellen. Die Bildinterpretation stellt den kosekutiven Schritt dar. 

Methods 

Während 10 Nervenoperationen mit entsprechender Indikation wurden Abschnitte peripherer Nerven 
entnommen. Es erfolgte eine OCT-Bildgebung noch in vivo und dann ex vivo. In einem zweiten Schritt wurden 
die Gewebeproben zur histologischen Aufarbeitung gegeben. Die bearbeiteten OCT-Bilder wurden den 
histologischen Schnitten (H&E-Färbung) gegenübergestellt. Es erfolgte eine Zuordnung der einzelnen nervalen 
Komponenten, einschließlich Perineurium, Faszikel und intrafaszikuläre Mirkostrukturen 

Results 

Anhand eines entsprechenden Filters gelang es, in den Bildern die Grenzschichten hervorzuheben und Artefakte 
zu reduzieren. Die Ergebnisse zeigen, dass die OCT in der Lage ist, myelinisierte Axone aufzulösen.  Die 
bindegewebigen Umbauprozesse infolge einer chronischen Nervenverletzung (perineurale Fibrose oder 
Neurom) führen zu verstärkter homogener Lichtreflexion. Anterograde axonale Degeneration infolge einer 
scharfen Verletzung lässt einen Verlust der Axone und ebenfalls mehr Reflexion erkennen. Die Eindringtiefe ist 
aber zu gering, um ein Abbildung des kompletten Nervendurchschnitts zu erhalten. 

Conclusion 

OCT ist die erste in vivo Bildgebung, die in der Lage ist, die Strukturen eines peripheren Nervens bis in den 
Bereich myelinisierter Axone aufzulösen und Information über fokale Pathologien zu geben. 
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Der Stellenwert der quantitativen Pupillometrie bei Tumoren mit Kompression der Strukturen des optischen 
Systems: erste Ergebnisse einer laufenden prospektiven Studie 
The merit of quantitative pupillometry in patients with tumours adjacent to structures of the optic system – first 
results of an on-going prospective study 

P. Lenga1, P. Naser1, M. Jakobs1, J. Jesser2, H. P. Dao Trong1, A. W. Unterberg1, C. Beynon1 

1Universitätsklinikum Heidelberg, Neurochirurgische Klinik, Heidelberg, Deutschland 
2Universitätsklinikum Heidelberg, Klinik für Neuroradiologie, Heidelberg, Deutschland 

Objective 

Quantitative pupillometry has been increasingly applied in neurocritical care as an effective, affordable, easy-to-
use, and reliable tool.Previous evidence supports that early detection of abnormal pupillometry findings might 
expedite emergent care to improve clinical outcomes.In the setting of neuro-oncological care, tumors, such as 
pituitary tumors or medial sphenoid wing meningiomas, can cause compression of the optic chiasm resulting in 
visual impairment and potentially cause abnormal pupillometry findings.However, this technique has not yet 
been applied to evaluate decompression in patients with tumors adjacent to these structures.Therefore, our 
pilot study aims to evaluate the merit of pupillometry in streamlining treatment modalities in patients 
undergoing surgical resection of tumors compressing structures of the optic system. 

Methods 

This is an on-going prospective study collecting pupillometry data from patients with tumors shifting structures 
of the optic system as well as of patients admitted in neurocritical care. Pupillometry using the automated NPi 
200® pupillometer was performed in 10 patients pre- and post-resection of tumors in proximity to the visual 
system. The neurological pupillometry index (NPi) was analyzed as computed parameter and correlated with 
standardized visual acuity assessments.  

Results 

A total of 10 patients with a mean age of 53 years (SD 14.5) were analyzed. Seven patients suffered from 
pituitary tumors, one patient from a left-sided optic meningioma and two patients from left-sided medial 
sphenoid wing meningiomas. All patients reported visual impairment because of the tumor mass. The 
preoperative NPi was <4.0 in all patients in at least one pupil. Mean bilateral NPi were pathologic preoperatively, 
of the left eye at 3.7 (SD 0.6) and of the right eye at 3.8 (SD 0.3), respectively.  Postoperative assessment 
revealed NPi improvement in nine of ten patients ranging from 6% to 50%, when compared to baseline. The 
mean NPi of the left eye increased 17.5% (SD 15.1%) and of the right eye 11.6% (SD 11.9).This increase 
correlated with improved visual acuity. 

Conclusion 

Our preliminary results suggest that quantitative pupillometry can detect compression of structures of the visual 
system caused by tumors. Postoperative improvement of NPi values may indicate sufficient decompression of 
these structures.In future analysis, we anticipate to present data on a larger cohort aiming to substantiate the 
potential and limitations of this technique. 
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Postoperative Routine CT-Untersuchungen nach elektiven Kraniotomien zur supratentoriellen Tumorresektion: 
notwendig oder entbehrlich? 
Routine postoperative CT scans after elective craniotomies for resection of supratentorial tumours – necessary or 
dispensable? 

F. Wild1, O. Atallah1, E. J. Hermann1, J. K. Krauss1 

1Medizinische Hochschule Hannover, Klinik für Neurochirurgie, Hannover, Deutschland 

Objective 

Postoperative CT scans are performed routinely after elective craniotomies for tumor resection to detect 
possible complications early. In most instances, these scans may show unspecific postoperative findings (air, 
etc.) but have no consequences otherwise. To obtain such scans patients need to be transported to the CT unit 
and they cause extra costs. We therefore investigated, which preexisting factors or which circumstances seen in 
these CT scans could lead to consequences like surgery or special treatment on the ICU. 

Methods 

We retrospectively investigated the postoperative CT scans and clinical data of all patients, which were at least 
12 years old at the time of surgery, undergoing an elective craniotomy for supratentorial tumor surgery over a 1-
year period. CT scans were routinely obtained 6 hours after surgery. We reviewed all radiological and medical 
records of these patients. 

Results 

We identified 120 patients with a mean age of 60 years (range 12-90 years) at the time of surgery. All of these 
patients had a CT scan about six hours postoperatively. CT scans showed pathological findings in 5 patients 
(4.1%). Clinical symptoms paralleled the pathological CT-findings in 3 of 5 of these patients. In only one patient 
(73-year-old woman) with a venous infarction and hemorrhage emergency surgery was necessary. In three 
patients with cerebral metastases, postoperative hemorrhage was found in the operation field. These patients 
had a second CT to control for enlargement of the bleedings. 

Conclusion 

Our study shows that routine postoperative CT scans provide only little information after surgery in 
asymptomatic patients. Considering the declining capacity in ICUs and qualified nursing staff, the routine 
performance of MR scans within 48-72 hours in patients with gliomas, and the additional costs of CT imaging we 
have to question the real need of early postoperative routine CT imaging in this group of patients. 
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Reduzierung der Strahlenbelastung und Kosten: CT-Scout-Ansichten mit verbessertem Protokoll gegenüber 
konventioneller Radiographie nach Shunt Operation 
Reducing radiation exposure and costs – CT scout views with an enhanced protocol versus conventional 
radiography after shunt surgery 

M. Esmaeilzadeh1, P. Bronzlik2, H. Solmaz2, M. P. Polemikos2, P. Raab2, H. Lanfermann2, J. K. Krauss2 

1, Neurosurgery, Hannover, Deutschland 
2Medizinische Hochschule Hannover, Neurochirurgie, Hannover, Deutschland 

Objective 

Implantation of a ventriculoperitoneal (VP) shunt with programmable valves and antisiphon devices has become 
standard treatment in many institutions. Skull and abdomen radiography combined with postoperative CT 
usually is performed for documentation of shunt position and valves settings after surgery which results in 
radiation exposure for the patient. Radiation dosage could be reduced by using CT only with enhanced scout 
views.  Here, we investigate whether enhanced scout views may replace routine conventional radiography 
resulting in a reduction of radiation exposure. 

Methods 

After introduction of an enhanced CT imaging protocol, routine skull and abdomen radiography was no longer 
obtained after VP shunt surgery. The image studies of 25 patients with conventional radiography (retrospective 
arm of study) were then compared to 25 patients with enhanced CT imaging (prospective arm of study). Patient 
demographics such as age, sex and primary diagnosis were collected. The image quality of conventional 
radiographic images and computed tomography scout views images were independently analyzed by one 
neurosurgeon and one neuroradiologist. 

Results 

Fifty patients (30 men and 20 women) were included in the analysis. The mean age was 64.6 years in the CT only 
group and 60.9 years in the CT plus conventional radiography group. All patients had a VP shunt with a 
programmable valve and a gravitation assistant (proGAVv 2.0, Miethke Aesculap). Imaging quality was 
comparable in conventional radiography versus CT scouts with an enhanced protocol, and the shunt position and 
valve settings could be identified with ease. The estimated effective dose for radiographs was 0.68 mSv (range 
0.45–1.27 mSv) and that for enhanced CT imaging 0.31 mSv (range 0.17- 0.51 mSv) (p < 0.0001). 

Conclusion 

CT scout obtained with an enhanced imaging protocol provided sufficient imaging quality when compared with 
shunt radiographies to determine shunt positioning and valve settings. In addition, the use of CT scout views 
only, resulted in lower radiation exposure and reduction of costs. 
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Intelligenter Ultraschall-Aspirator zur Differenzierung von ZNS/Tumor Gewebe: Eine Machbarkeitsstudie mit 
maschinellem Lernen 
Intelligent ultrasonic-aspirator for CNS/ tumor tissue differentiation – a feasibility study using machine learning 

N. Bockelmann1, D. Schetelig2, M. M. Bonsanto3, S. Buschschlüter2, F. Ernst1 

1Universität zu Lübeck, Institut für Robotik und Kognitive Systeme, Lübeck, Deutschland 
2Söring GmbH, Quickborn, Deutschland 
3Universitätsklinikum Schleswig-Holstein, Klinik für Neurochirurgie, Lübeck, Deutschland 

Objective 

The goal of brain tumor surgery is the complete removal of all tumorous tissue while not damaging healthy, 
tumor-free brain areas. Therefore, emphasis must be placed on the intraoperative differentiation of brain 
tumors and healthy brain tissue. Studies have shown that healthy brain tissues differ from tumor tissues in their 
mechanical properties. One commonly used instrument for tumor removal is the ultrasonic-aspirator, which is 
responsive to tissue properties. In in this feasibility study, an approach for tissue differentiation based on this 
electrical response using machine learning will be investigated. 

Methods 

Three synthetic tissue models, different in their mechanical properties (i.e. Young's modulus: soft, medium and 
firm), are used and represent healthy (soft) and tumorous tissue (medium/firm). For each tissue model, two 
generator settings (low and high) are applied. More than 38.000 temporal measurement points are recorded 
during tissue ablation for each of the electrical signals produced by the ultrasonic-aspirator. Training and test 
splits are defined, resulting in 87.5% and 12.5% of the data respectively. Classification is done with two machine 
learning approaches: an AdaBoost (AB) and a neural network (NN) classifier. Since the settings of the generator 
are known, they are used as prior information. This results in two setting-based classifiers, in addition to one 
general single classification model over all generator settings. 

Results 

Results are given in the metrics accuracy, F1-score, precision and recall. The results can be seen for the general 
single classifier and ultrasound-based classifiers in Table 1 demonstrating a good performance regarding 
differentiation of mechanical properties. Furthermore, the results show that the usage of prior information of 
the generator settings can improve the results regardless of the classification method. 

Conclusion 

The results indicate the feasibility to differentiate tissue properties, like soft, medium and firm, using a 
commercial ultrasonic-aspirator in a laboratory environment. Future work needs to focus on a more diverse 
dataset in terms of tissue properties and generator settings to capture the variety present in a real 
intraoperative setting. 

 

 



 

356 
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Roboterassistierte Chirurgie zur Durchführung kranialer Biopsien 
Robotic-assisted surgery for cranial biopsy 

M. Schwendner1,2, S. Ille1,2, B. Meyer1, S. M. Krieg1,2 

1Klinikum rechts der Isar der TU München, Department of Neurosurgery, München, Deutschland 
2Klinikum rechts der Isar der TU München, TUM Neuroimaging Center, München, Deutschland 

Objective 

Robot assisted surgery is progressively being applied in clinical routine. Technical advances offer increased 
opportunities in cranial as well as spinal neurosurgery. This study analyzed the impact and potential benefits of 
the intraoperative use of a robotic arm for cranial biopsy. 

Methods 

Patients were prospectively enrolled. Cranial biopsy was performed using a robotic arm for the automatic 
alignment of the preoperatively planned trajectory. Surgeons perspective, histopathological findings and clinical 
data were acquired. 

Results 

Overall, 11 patients were included with a volume of the lesion of 25.3 +/- 24.6 (range 1.0 – 66.9) cm3. Robot 
assisted biopsy was successfully performed in all cases, taking biopsies at the planned sites. No complications 
occurred intraoperatively. The duration of surgery was 21 +/- 10 (7-38) min. Histopathological samples could be 
obtained in all cases (4 primary brain tumors, 4 intracranial infections, 2 lymphoma, 1 vasculitis). 
Postoperatively, one patient showed neurological deterioration. The system was rated on a numeric rating scale 
(1-10) by the operating surgeons, showing high satisfaction regarding handling of software (median 10 (8-10)), 
hardware (median 9 (8-10)), duration of the alignment for biopsy (median 10 (5-10)) and patient safety (median 
10 (8-10)). Mental load was being rated on a scale ranging from 0 (no effort at all) to 150 (unsolvable exceptional 
effort). The alignment of the robotic arm was rated with a median mental load of 20 (10-120), while placing the 
bone anchor and drill guide was rated with a median of 20 (10-30) and trephination was rated with a median of 
10 (0-30). 

Conclusion 

Robot assisted surgery appears safe and feasible in cranial surgery, offering new potentials. However, further 
data is needed to evaluate and specify benefits in clinical routine. 

 
 



 

358 

 

Rapid communications – Vaskuläre Neurochirurgie/Rapid Communication – 
Vascular neurosurgery 

V196 

 
Thrombozytenzahl bei Aufnahme und nach Akutbehandlung kann den Outcome von Patienten mit 
aneurysmatischer Subarachnoidalblutung vorhersagen 
Baseline and average platelet count can predict the outcome of aneurysmal subarachnoid haemorrhage 

C. Rieß1, M. Gümüs1, M. Said1, T. F. Dinger1, M. Chihi1, M. Darkwah Oppong1, Y. Ahmadipour1, P. Dammann1, K. 
H. Wrede1, U. Sure1, R. Jabbarli1 

1Universitätsklinikum Essen, Klinik für Neurochirurgie und Wirbelsäulenchirurgie, Essen, Deutschland 

Objective 

Baseline values and the change of platelet count (PLT) during disease were reported to be associated with 
prognosis of patients with cancer and intensive care treatment. As neuroinflammation and coagulation are 
supposed to impact the outcome of aneurysmal subarachnoid hemorrhage (SAH), we aimed to evaluate the 
association between PLT with the course and prognosis of SAH. 

Methods 

For all consecutive SAH cases treated between 01/2003 and 06/2016 (n=763), PLT at admission (AdmPLT) and 
the 14-days mean values (MeanPLT) were recorded with subsequent allocation into 4 groups (<150/µl, 150-
260/µl, 261-400/µl, >400/µl). Patient characteristics, initial severity of and complications during SAH were 
correlated with AdmPLT and MeanPLT. Study endpoints were in-hospital mortality and unfavorable outcome at 
6-months follow-up (mRS>3). 

Results 

There was an increase in PLT during SAH (mean: 25.5/µl, range: -164.9 to +255.1). The highest and lowest rates 
of in-hospital mortality (43.1% vs 12.9%, p<0.0001) and unfavorable outcome (66% vs 28.3%, p<0.0001) were 
observed for AdmPLT<150/µl and 261-400/µl respectively. MeanPLT<150/µl and between 261-400/µl were also 
related to the worst and best outcomes – in-hospital mortality: 55.3% vs 6.9% (p<0.0001); unfavorable outcome: 
78.4% vs 25.1% (p<0.0001). In the multivariate analysis adjusted for relevant confounders, MeanPLT<150/µl and 
261-400/µl remained the robust predictors of in-hospital mortality (p<0.0001/p<0.0001) and unfavorable 
outcome (p=0.005/p=0.004). Moreover, individuals with poorer outcome were less prone to PLT increase during 
SAH (mean: -9.3 vs +32.8/µl for in-hospital mortality, p<0.0001; mean: +14.4 vs +31.1/µl for unfavorable 
outcome, p<0.0001). The following baseline characteristics and SAH complications showed significant 
associations with Adm/MeanPLT values: patients" age and sex, the history of smoking/alcohol consumption, 
rebleeding, WFNS grade at admission, intraventricular hemorrhage, intracranial pressure increase, occurrence 
and timing of cerebral infarcts, and development of sepsis during intensive care treatment. 

Conclusion 

Low PLT values at admission and their less prominent increase during SAH is strongly linked with poor outcome 
of SAH. Further analysis is required to clarify the background of this association and potential therapeutic 
implications. 
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EBI nach aneurysmatischer SAB ist mit einer homogenen Perfusionsstörung in der frühen CT-
Perfusionsbildgebung vergesellschaftet 
EBI following aneurysmal SAH results in a homogeneous perfusion impairment in early CT perfusion imaging 

B. B. Hofmann1, I. Fischer1, D. M. Donaldson1, C. Karadag1, K. Beseoglu1, J. H. van Lieshout1, S. Muhammad1, B. 
Turowski2, D. Hänggi1, C. Rubbert2, M. A. Kamp3 

1Universitätsklinikum Düsseldorf, Klinik für Neurochirurgie, Düsseldorf, Deutschland 
2Universitätsklinikum Düsseldorf, Institut für Diagnostische und Interventionelle Radiologie, Düsseldorf, Deutschland 
3Universitätsklinikum Jena, Klinik und Poliklinik für Neurochirurgie, Jena, Deutschland 

Objective 

Recently, poor outcome after aSAH has been linked to increased MTT-heterogeneity, a possible marker of 
capillary transit time heterogeneity, in the DCI phase. In addition to DCI, there is increasing interest in the 
concept of early brain injury (EBI), which assumes a more global perfusion restriction of the brain at an early 
stage. We therefore hypothesised that the EBI-related perfusion impairment affects the entire brain 
homogeneously, and thus heterogeneity of early perfusion imaging after SAH is not an independent predictor of 
patient outcome. 

Methods 

We retrospectively analysed the heterogeneity of the MTT using the coefficient of variation in early CTP scans 
(within 24h after ictus) from 124 SAH patients. Analyses were performed for the whole study population and the 
subgroups of patients with or without EVD at the time of early CTP imaging. Both, linear and logistic regression 
were used to model the mRS outcome, treated as numerical and dichotomised values, respectively. Linear 
regression was used to investigate linear dependency between variables. Student"s t-test was used to compare 
the means of 2 groups. 

Results 

No significant difference in coefficient of variation for MTT between patients with or without EVD at the time of 
early CTP imaging could be observed (p = 0.69). We found no correlation between the coefficient of variation for 
MTT in early CTP imaging and initial modified Fisher (p=0.07) and World Federation of Neurosurgical Societies 
grades (p = 0.23). The coefficient of variation for MTT in early perfusion imaging did not significantly correlate 
with the 6-month-mRS neither for the entire study population (p = 0.15) nor for any of the subgroups (without 
EVD: p = 0.21; with EVD: p = 0.3).  

Conclusion 

Heterogeneity of MTT in early CTP after aneurysmal SAH does not correlate with the patients´ outcome. In 
contrast, the heterogeneity of MTT in the phase of DCI is a potent predictor of patient outcome. The present 
study confirms our hypothesis that capillary transit time heterogeneity, measured by the cvMTT, appears neither 
clinically nor physiologically relevant in the phase of EBI and therefore does not represent an early predictor for 
the 6-month outcome following aSAH. 
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Effekte einer leichten Hypothermie auf Peri-Infarkt-Depolarisationen in einem Schweinemodell für ischämischen 
Schlaganfall 
Effects of mild hypothermia on Peri-Infarct depolarisations in a swine model of ischemic stroke 

F. L. Ramírez Cuapio1, M. Kentar1, M. Gutierrez Herrera1, R. Sánchez Porras2, J. Woitzik2, E. Santos2 

1Universitätsklinikum Heidelberg, Neurochirurgische Klinik, Heidelberg, Deutschland 
2Evangelisches Krankenhaus Oldenburg, Universitätsklinik für Neurochirurgie, Oldenburg, Deutschland 

Objective 

Peri-infarct Depolarizations (PIDs) are a type of spreading Depolarization (SD) that has been linked to infarct 
volume expansion following an ischemic stroke. Therapeutic hypothermia has been found to provide a 
neuroprotective effect after an ischemic stroke and may improve outcomes. Therefore, in this study, we aimed 
to evaluate the effect of hypothermia on the propagation of PIDs and infarct volume expansion in a swine model 
of focal cerebral ischemia. 

Methods 

Through a left orbital exenteration, the middle cerebral arteries (MCAs) were identified and surgically clipped 
(MCAo) in 12 German Landrace swine weighing 28-32 kg. Extensive bilateral upper craniotomy and durotomy 
were performed and two 5-contact electrocardiographic (EcoG) recording strips were placed bilaterally over the 
parietal and frontal cortex. An intracranial temperature probe was placed over the right frontal lobe under the 
dura mater to measure directly cortical temperature. One hour after the onset of ischemia, mild hypothermia 
was induced in half of the swine, reducing the temperature at an interval of 2°C/hour until reaching 32°C. After 
the MCAo, ECoG, and Intrinsic Optical Signal (IOS) recordings were performed. Postmortem 4mm-thick-slices 
were stained with 2,3,5-triphenyltetrazolium chloride (TTC) in order to estimate the infarct volume. 

Results 

When compared to the normothermic group, a significant reductive effect of hypothermia on the number and 
expansion of SDs was detected in both ECoG (normothermic: 3.5 ± 2.1 SDs/hour; expansion of 73.2 ± 5.2% vs. 
hypothermic: 1.0 ± 0.7 SDs/hour; expansion of 41.9 ± 21.8%) and IOS recordings (normothermic: 3.9 ± 0.4 
SDs/hour; expansion of 87.6 ± 12.0% vs. hypothermic: 1.4 ± 0.7 SDs/hour; expansion of 67.7 ± 8.3%) (Figure 1). 
In terms of infarct volume, we found a significant difference between the normothermic (9.0 ± 0.8 cm3) and 
hypothermic (6.0 ± 1.0 cm3) groups, indicating an important reduction of the infarction in the animals that 
underwent hypothermia (Figure 2). 

Conclusion 

Therapeutic hypothermia was successful in reducing the incidence and expansion of SDs following cerebral 
ischemia, as showed by ECoG and IOS recordings, and in the reduction of the infarct volume, as evaluated by 
postmortem staining. 
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Fig. 1 
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Fig. 2 
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Medikamenteneinnahme und Blutungsrisiko bei Patienten mit familiären zerebralen kavernösen 
Malformationen 
Medication intake and haemorrhage risk in patients with familial cerebral caverneous malformations 

B. Chen1, A. N. Santos1, L. Rauschenbach1, D. Saban1, A. Lenkeit1, H. Gull1, C. Rieß1, R. Jabbarli1, K. H. Wrede1, Y. 
Zhu1, U. Sure1, P. Dammann1 

1Universitätsklinikum Essen, Klinik für Neurochirurgie und Wirbelsäulenchirurgie, Essen, Deutschland 

Objective 

To analyze the impact of medication intake on hemorrhage risk in patients with familial cerebral cavernous 
malformation (FCCM) 

Methods 

Our institutional database was screened for patients with FCCM admitted between 2003 and 2020. Patients with 
complete magnetic resonance imaging (MRI) dataset, evidence of multiple CCM, clinical baseline characteristics, 
and follow-up examination were included. We assessed the influence of medication intake on first or recurrent 
intracerebral hemorrhage (ICH) using univariate and multivariate logistic regression adjusted for age and sex. 
The longitudinal cumulative 5-year-risk for (re-)hemorrhage was calculated by applying Kaplan Meier and Cox 
regression analyses adjusted for age and sex 

Results 

205 patients with FCCM were included. Univariate Cox regression analysis identified ICH as a predictor for 
recurrent hemorrhage during the 5-year follow-up (FU). Although not statistically significant, there was a 
considerably decreased risk of ICH during FU in patients under statin medication (HR: 0.22 [95% CI, 0.03-1.68], 
P=0.143). No bleeding events were observed in patients under antithrombotic therapy. Kaplan-Meier and log 
rank test showed a considerable low risk of ICH in patients under antithrombotic (P=0.085), as well as statin 
(P=0.193) therapy during follow-up.  The cumulative 5-year risk of (re)bleeding was 22.82% (95% CI, 17.33%-
29.38%) for the entire cohort, 31.41% (95% CI, 23.26%-40.83%) for patients with a history of ICH, 26.54% (95% 
CI, 11.13%-49.7%) for individuals under beta blocker medication, 6.25% (95% CI, 0.33%-32.29%) for patients 
under statin medication, and 0% (95% CI, 0%-30.13%) for patients under antithrombotic medication 

Conclusion 

ICH was identified as a risk factor for recurrent hemorrhage. Although not statistically significant, statin and 
antithrombotic medication reveal a trend in preventing bleeding events 
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Prädiktiver Wert von quantifizierter Kontrastmittelaufnahme in den Gefäßwänden von Moyamoya Angiopathie, 
um die Krankheitsprogression zu monitorisieren 
Predictive value of quantified vessel wall contrast enhancement to monitor disease progression in Moyamoya 
Angiopathy 

S. Wang1, H. Hurth2,3, P. Haas2,3, U. Ernemann4, M. Tatagiba2, B. Bender4, N. Kahn2,3,5, C. Roder2,3 

1Universitätsklinikum Tübingen, Department für Neurochirurgie und Neurotechnologie, Tübingen, Deutschland 
2Universitätsklinikum Tübingen, Klinik für Neurochirurgie, Tübingen, Deutschland 
3Universitätsklinikum Tübingen, Zentrum für Moyamoya und cerebrale Revaskularisation, Tübingen, Deutschland 
4Universitätsklinikum Tübingen, Neuroradiologie, Tübingen, Deutschland 
5Universitätskinderspital Zürich, Moyamoya Center, Zürich, Schweiz 

Objective 

Vessel wall contrast enhancement (VW-CE) has been shown to possibly predict disease progression in 
Moyamoya patients. Aim of this study was to investigate the predictive value of vessel wall contrast 
enhancement (CE) in Moyamoya Angiopathy (MMA) and its association with local disease progression as seen in 
conventional angiography, MR-graphic stroke, and cerebrovascular reactivity (CVR) in blood-oxygen level 
dependent (BOLD) MRI by a quantitative grading syste 

Methods 

This retrospective blinded cohort study included all consecutive MMA patients at our department with 
availability of contrast-enhanced high-resolution magnetic resonance imaging and concomitant digital 
substraction angiography at at least 2 different time-points/follow-up examinations. Intensity of CE was 
measured at the vessel wall and pituitary stalk to compute a comparable quotient (vessel wall/pituitary stalk). 
According to this quotient, vessel wall CE was graded "none" (<25%), "grade 1" (25-40%), "grade 2" (41-60%), 
"grade 3" (61-80%) and "grade 4" (>81%). CE was then analyzed for association with new or progredient 
angiographic stenosis, MR-graphic stroke, worsening in CVR in BOLD- MRI and status of a possible bypass. All 
images were rated blinded by a neuroradiologist. 

Results 

In total, 38 MRI (76 hemispheres) of 29 MMA patients were included in our analysis. Incidence of CE in the VW 
was significantly associated with a concomitant acute infarction (diffusion restriction in MRI) (p<0.001) and 
incidence of angiographic stenosis (p<0.001) in a Kaplan-Meier-Analysis. Patients with CE developed worse CVR 
status in the course of their disease, this however did not reach statistical significance in the Kaplan-Meier-
Analysis (p=0.64). The area under the curve of receiver operating characteristic curve of VW-CE for the 
prediction of new or progredient angiographic stenosis was 77.7% and therefore a good indicator for disease 
progression. 

Conclusion 

Vessel wall contrast enhancement in MMA is a sign for disease activity and may predict progression of local 
stenosis early. We have found a method to quantify CE in the vessel wall. Higher grades of CE were associated 
with shorter time to progression of local stenosis. High-resolution vessel wall imaging may be an important 
examination for early prediction of disease progression in MMA patients and should be used for screening and 
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follow-up examinations. The pathophysiological process causing the contrast enhancement has to be 
investigated in the future. 
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Protokoll zur schrittweisen Entwöhnung von der externen ventrikulären Drainage mit wiederholten 
Lumbalpunktionen bei Patienten mit posthämorrhagischem Hydrozephalus nach aneurysmatischer 
Subarachnoidalblutung – eine monozentrische Studie 
Protocol for gradual weaning from external ventricular drainage with repetitive lumbar punctures in patients with 
posthemorrhagic hydrocephalus from aneurysmal subarachnoid haemorrhage – a single-centre study 

A. Cattaneo1, C. Geske1, F. Semmler1, A. Beez1, J. Weiland1, K. Lamllari1, V. Dufner1, C. Stetter1, R. I. Ernestus1, E. 
Kunze1, C. Wipplinger1 

1Universitätsklinikum Würzburg, Neurochirurgische Klinik und Poliklinik, Würzburg, Deutschland 

Objective 

Chronic posthemorrhagic hydrocephalus is a common condition in patients with saneurysmal subarachnoid 
hemorrhage (aSAH). Treatment with external ventricular drainage (EVD) is a standard life-saving treatment in the 
acute phase. There are currently no standards for weaning from EVD in patients with aSAH. Approaches differ 
from closing the EVD at once to a gradual weaning. In this study, we aim to evaluate and review the outcome of 
467 patients with aneurysmal SAH who were gradually weaned with repetitive lumbar punctures (LP) or lumbar 
drain (LD) from their EVD and discuss the benefits and disadvantages of the presented approach. 

Methods 

From January 2012 to October 2021, 467 patients with aSAH were retrospectively included in our study. In our 
cohort, 274 patients received one EVD, 17 received two EVDs. Patient demographics, clinical presentations, SAH 
etiologies and grades, clamp data, hospital lengths of stay, number of days with EVD, ventriculoperitoneal shunt 
(VP-shunt) incidence and functional outcomes were recorded. Our protocol includes gradual weaning of patients 
beginning on day 10 from bleeding. The patient's EVD is gradually raised approximately 2 centimeters per day, 
and patients undergo a daily LP with the release of between 10 and 40 ml of CSF per puncture depending on the 
patient. Weaning lasts 4-6 days. In patients with CSF flow greater than 240 mL per day from the EVD were 
inserted a LD. 

Results 

The mean age of patients was 56 years (range 20-90 years), and the female-to-male ratio was 1/1.9. The 
majority of 256 patients (57%) had a Hunt and Hass grade III-V on admission. Of the 467 patients treated, a total 
of 291 patients (62%) received an EVD within the first 48 hours. Of all patients with an EVD, 111 (38%) received 
daily LP as part of the weaning process and 64 (23%) received a LD. Overall, 101 patients required a VP-shunt 
(22%). Patients undergoing daily LP or LD placement as part of the gradual weaning had a reduced risk of 
undergoing a VP-shunt (LP: [OR] 0,537, 95% CI 0,423-0,681, p < 0.001, LD: [OR] 0,423, 95% CI 0,324-0,551, p < 
0.001).  

Conclusion 

Our results indicate that a gradual weaning with repetitive LP or LD placement can reduce the rate of 
impalntation of VP-shunt in patient with Chronic posthemorrhagic hydrocephalus after aSAH. Future research 
including greater sample sizes and prospective studies will be necessary to further investigate the relationship. 
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Kleine intrakranielle Aneurysmen der vorderen Zirkulation – Ohne Rupturrisiko? 
Small intracranial aneurysms of the anterior circulation – A zero percent rupture risk? 

T. F. Dinger1, A. Michel1, M. Said1, M. Chihi1, M. Darkwah Oppong1, Y. Ahmadipour1, P. Dammann1, K. H. Wrede1, 
U. Sure1, R. Jabbarli1 

1Universitätsklinikum Essen, Klinik für Neurochirurgie und Wirbelsäulenchirurgie, Essen, Deutschland 

Objective 

According to the largest prospective multicentric observational ISUIA-trial, small (<7 mm) unruptured intracranial 
aneurysms (IA) of the anterior circulation carry neglectable 5-years rupture risk. At the same time, many patients 
admitted with subarachnoid hemorrhage due to ruptured IA present with small IA in the anterior circulation. In 
this study, we analyzed the rates and risk factors for rupture related to specific locations of small IA within the 
anterior circulation. 

Methods 

From the institutional observational cohort containing data on 2453 consecutive patients with 3806 IA treated 
between 01/2003 and 06/2016, 1676 IA with the sack size <7mm located in the anterior circulation were 
included in the study. Different demographic, clinical, laboratory, and radiographic characteristics of patients 
and IA were collected. Univariate and multivariate analyses were performed. 

Results 

The highest rate of RIA was observed for IA in the anterior communicating artery (ACoA, 54.2%), which was 
significantly higher than for any other location within the anterior circulation (≥A2-branch of the anterior 
cerebral artery (31.5%, OR=0.39, p<0.0001), internal carotid artery (14.7%, OR=0.14, p<0.0001), and middle 
cerebral artery (9.5%, OR=0.09, p<0.0001)), and even higher than for small IA of the posterior circulation (46.5%, 
OR=0.74, p=0.039). In the subgroup analysis of patient- and IA-specific risk factors for rupture of ACoA (n=380), 
the following parameters were independently associated with the ruptured status of IA: sack size (aOR=1.42 per-
mm-increase, p<0.0001), arterial hypertension (aOR=3.56, p<0.0001), alcohol abuse (aOR=8.27, p=0.005), 
hypothyroidism (aOR=0.31, p=0.004), and regular medication with beta-blockers (aOR=0.30, p<0.0001), 
angiotensin-1 receptor antagonists (aOR=0.18, p<0.0001) and statins (aOR=0.48, p=0.043). 

Conclusion 

Small IA of ACoA carry considerable rupture risk, which is higher than for any other location of IA. The reported 
independent predictors might help for a better estimation of the rupture risk. Particularly modifiable risk factors 
might become therapeutic targets for preventing IA rupture in ACoA. 
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Stellate ganglion block – Bedside Technik zur Reduktion des cerebralen Blutfluss bei Vasospasmus 
Stellate ganglion block – bedside cerebral blood flow velocity reduction for vasospasm after aneurysmal 
subarachnoid haemorrhage 

C. Wendel1, H. Henkes2, J. H. Schiff3, O. Ganslandt1 

1Klinikum Stuttgart, Katharinenhospital, Neurochirurgische Klinik, Stuttgart, Deutschland 
2Klinikum Stuttgart, Katharinenhospital, Neuroradiologische Klinik, Stuttgart, Deutschland 
3Klinikum Stuttgart, Klinik für Anästhesiologie, operative Intensivmedizin, Notfallmedizin und Schmerztherapie, Stuttgart, Deutschland 

Objective 

To assess the efficacy of SGB in the treatment of CV following aSAH. 

Following aneurysmal subarachnoid hemorrhage (aSAH) delayed cerebral ischemia can occur from cerebral 
vasospasm (CV) after 3-14 days. Despite medical treatment, 1 of 3 patients suffers a persistent neurological 
deficit. For bedside detection transcranial Doppler (TCD) ultrasonography is performed daily. An increase in 
cerebral blood flow velocity (CBFV) over 120cm/s or a rise of 40cm/s within 24 hours is highly suggestive of 
vasospasm. Stellate ganglion block (SGB) is suggested to reduce CBFV in persistent CV despite maximum 
standard therapy. 

Methods 

The data were collected from records of patients treated between 2013 and 2021. Patients with SGB following 
aSAH were included, when CBFV was ≥ 120 cm/sec and if either a focal neurological deficit or reduced 
consciousness was noted, despite having received medical treatment and blood pressure management. The SGB 
was performed on the brain side with highest CBFV. SGBs were done with 8-10 ml ropivacaine 0.2% either with 
or without additional clonidine 150µg. CBFV changes on the ipsi- (and contralateral) side of the brain were 
monitored with TCD ultrasonography two and 24 hours after SGB. 

Results 

42 patients (aged 17.5 to 69.7 years) (Female 23: 19 Male) received 88 SGBs in two territories (left 43: 45 right 
side). Median WFNS and Fisher Score was 4 at admission. 

Mean absolute CBFV in MCA before SGB was 168.0 ± 32.6 cm/s and reduced to 135.51 ± 37.7 cm/s two hours 
post SGB (p=0.04) and after 24 hours 140.1 ± 38.3 cm/s (p=0.41). The addition of clonidine (n=44) showed no 
significance in CBFV reduction. Coiling (n=24), clipping (n=16), WFNS or Fisher Score showed no significant 
correlation for CBFV reduction. Mean length of intensive care unit stay was 24.2 days, median Glasgow Outcome 
Scale (GOS) at discharge was 3 and at 6 month follow up GOS 4. 

Conclusion 

SGB can be used bedside, leads to replicable reduction in CBFV in CV and has a potential benefit in the 
management of aSAH patients with deleterious CV. 
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Fig. 2 
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Der APACHE II Score ermöglicht eine präzise Vorhersage der Mortalität und des funktionellen Outcomes von 
Patienten mit supratentorieller intrazerebraler Hirnblutung und fibrinolytischer Therapie 
APACHE II score enables a precise prediction of mortality and functional outcome in patients with supratentorial 
ICH treated by fibrinolytic therapy  

R. Schwiddessen1, C. von der Brelie1, D. Mielke1, V. Rohde1, V. Malinova1 

1Universitätsmedizin Göttingen, Neurochirurgische Klinik, Göttingen, Deutschland 

Objective 

Spontaneous intracerebral haemorrhage (ICH) is associated with significant morbidity and mortality. In several 
studies no outcome benefit of surgical treatment could be demonstrated resulting into individual treatment 
decision-making. Especially, minimally invasive surgical treatments such as fibrinolytic therapy seem to be a 
suitable surgical treatment option in this vulnerable patient collective. The ICH-score allows an early mortality 
estimation and can be applied as a selection tool for fibrinolytic therapy. The purpose of this study was to 
investigate if the additional use of APACE II score leads to a more reliable patient selection for fibrinolytic 
therapy. 

Methods 

We performed a retrospective study of patients ICH treated by fibrinolytic therapy between 2010 and 2020. 
Demographic and clinical parameters, additionally clinical grading scales (ICH-score and APACHE II score) were 
analysed. Predictive values of Apache II score on prognosis were assessed for all patients as well as for individual 
ICH-score subgroups by area under the receiver operating characteristics curve (AUROC) statistics. Endpoints 
were defined as in-hospital mortality and poor functional outcome (modified Rankin Scale [mRS] = 5-6). 

Results 

A total of 280 patients were analysed, 129 of whom were female. The mean age was 70 years, and the median 
ICH-score was 3. The following mortality rates were found depending on the ICH-score: 0= 0% (0/1), 1= 0% 
(0/21), 2= 10% (7/70), 3= 20% (22/110), 4= 70.1% (47/67), 5= 100% (11). The mean Apache II score was 20.9 ± 
5.7, whereby ICH-survivors had a significant lower score (p=0.000). The AUC of the APACHE II score for all 
patients was 0.87 (p<0.001) for in-hospital mortality and 0.78 (p<0.001) for poor outcome. While focusing on 
ICH-score subgroup 4, APACHE II score with a cut-off value of 24.5 showed good discrimination power for 
mortality (AUC=0.83, p<0.001) as well as for functional outcome (AUC=0.87, p<0.001). 

Conclusion 

While ICH-scores 1, 2, 3 and 5 facilitate a conclusive prognosis estimation in ICH-patients receiving fibrinolytic 
therapy, this is not as much decisive in the subgroup with ICH-score 4. An additional application of APACHE II 
score increases the discrimination power of ICH-score 4 enabling a more precise appraisal of mortality and of 
functional outcome, which may be supportive during the selection of patients with ICH-score 4 for fibrinolytic 
therapy. 
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Korrelation zwischen Embolization der Arteria meningea media und Volumen des chronischen 
Subduralhämatoms in Patienten unter Plättchenaggregationshemmer 
Correlation between middle meningeal artery embolisation for treatment of chronic subdural haematoma and 
haematoma volume in patients under anti-platelet therapy  

I. Laginha1, S. Hernández-Durán1, C. Brelie1, D. Mielke1, V. Rohde1, T. Abboud1 

1Universitätsmedizin Göttingen, Göttingen, Deutschland 

Objective 

Chronic subdural hematoma (cSDH) often requires neurosurgical evacuation. The recurrence rates after burr 
hole craniotomy and twist drill craniostomy (TDC) are high, especially in patients under antiplatelet therapy. 
Middle meningeal artery embolization (MMAE) has surged as an endovascular intervention, used nowadays 
either as a stand-alone procedure or as a complementary approach to the neurosurgical evacuation of the cSDH, 
aiming to reduce the recurrence rate. However, neither the optimal timing for MMAE, nor the safety profile 
regarding patients taking anti-platelet therapy has been addressed. We had the hypothesis, that MMAE before 
planned TDC reduces the recurrence rate in a subgroup of patients who received anti-platelet drugs. 

Methods 

We prospectively collected clinical and radiological data of patients who presented between December 2019 
and September 2021 with cSDH and were assigned primarily to a MMAE, as they were under anti-platelet 
medication. Surgical evacuation (twist drill craniostomy [TDC]) was performed consecutively. Pre- and 
postinterventional volumetric measurement of hematoma were performed and correlated with clinical course. 

Results 

Nineteen patients were included in the study.  5 (26,3%) of the 19 patients showed a significant increase in the 
volume of subdural hematoma immediately after MMAE (mean of differences (volume after MMAE – volume 
before) = 18.4 ±5.3 cm3; 95% CI= 3.7 to 33.12 cm3; p=0.025). All 5 patients showed a clinical deterioration that 
ranged from worsening of the hemiparesis to decreasing level of consciousness, which urged a surgical 
evacuation. The remaining patients showed neither a significant difference in the volume of subdural hematoma 
nor neurological deterioration after MMAE (mean of differences (after MMAE – before MMAE) = -6.9±3 cm3; 
95% CI= -14.74 to 0.9 cm3; p=0.072). 

Conclusion 

In this small series, we found a significant rate of increase in the volume of cSDH following MMAE, accompanied 
with clinical deterioration among patients who were under anti-platelet therapy at presentation. Our results 
suggest the strategy of MMAE as a primary treatment in patients under anti-platelet therapy should be re-
evaluated. These results need further verification in larger clinical series. 
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Auswirkung der COVID-19-Pandemie auf die Behandlung und klinisches Outcome der aneurysmatischen 
Subarachnoidalblutung – Eine Single-Center-Studie 
Impact of COVID-19 pandemic on treatment management and clinical outcome of aneurysmal subarachnoid 
haemorrhage – a single centre experience 

S. Kashefiolasl1, L. E. Qasem1, N. Brawanski1, M. Funke2, F. Keil3, E. Hattingen3, C. Foerch4, V. Seifert1, V. Prinz1, M. 
Czabanka1, J. Konczalla1 

1Universitätsklinikum Frankfurt, Klinik für Neurochirurgie, Frankfurt a. M., Deutschland 
2Universitätsklinikum Frankfurt, Anästhesie, Frankfurt a. M., Deutschland 
3Universitätsklinikum Frankfurt, Neuroradiologie, Frankfurt a. M., Deutschland 
4Universitätsklinikum Frankfurt, Neurologie, Frankfurt a. M., Deutschland 

Objective 

During the COVID-19 pandemic, decreased volumes of acute stroke admissions were reported. We aimed to 
examine whether subarachnoid hemorrhage (SAH) volumes demonstrated similar declines in our department. 
Furthermore, the impact of pandemic on disease progression should be analyzed. 

Methods 

We conducted a retrospective study in neurosurgical department of university hospital Frankfurt including 
patients with the diagnosis of aneurysmal SAH during the first year of COVID-pandemic. One year cumulative 
volume for SAH hospitalization procedures were compared to the one-year period before (03/2020 – 02/2021 
versus 03/2019 – 02/2020) and the last 5 pre-COVID-pandemic years (2015-2020). All relevant patient 
characteristics concerning family history, disease history, clinical condition at admission, active/past COVID-
infection, treatment management, complications and outcome were analyzed. 

Results 

There was a decline in SAH hospitalizations, with 84 admissions in the year immediately before and 56 
admissions during the pandemic, without reaching a significance. No significant difference in analyzed patient 
characteristics including clinical condition at onset, treatment, complications and outcome, between 56 SAH 
patients admitted during COVID pandemic and treated patients in the last 5 years in pre-COVID period were 
found. Using a multivariable analysis, we detected young age (p<0.05; OR 4,2) and no existence of early 
hydrocephalus (p<0.05; OR 0.13) as important factors for a favorable outcome (mRS≤0-2) after aSAH during the 
COVID-pandemic. A past COVID-infection was detected in young patients suffering from aSAH (Age< 50years, 
p<0.05; OR 10,5) with increased rate of cerebral vasospasm after SAH onset (p<0.05; OR 26). Nevertheless, past 
COVID-infection did not reach a significance as a high risk factor for unfavorable outcome. 

Conclusion 

There was a relative decrease in the volume of SAH during the COVID-19 pandemic. Despite of extremely 
different conditions of hospitalization, there was no impairing significant effect on treatment and outcome of 
admitted SAH patients. A past COVID-infection seemed not to be a relevant limiting factor concerning favorable 
outcome. 
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Chirurgisches Management chronisch Subduralhämatome: eine Kosten-Nutzwert-Analyse 
Surgical management of chronic subdural haematoma – a cost-utility analysis 

M. Chihi1, T. F. Dinger1, M. Darkwah Oppong1, O. Gembruch1, Y. Ahmadipour1, W. X. Chmielewski1, L. 
Rauschenbach1, A. N. Santos1, U. Sure1, R. Jabbarli1 

1Universitätsklinikum Essen, Klinik für Neurochirurgie und Wirbelsäulenchirurgie, Essen, Deutschland 

Objective 

Chronic subdural hematoma (cSDH) is a multifactorial disease with a not well understood pathophysiology. High 
rates of recurrence and postoperative morbidity still represent a financial threat on health systems. Cost-utility 
analyses (CUA) evaluating health improvement after empiric surgical treatment are lacking. The aim of this study 
was to perform this analysis and estimate the evolution of treatment's financial impact. 

Methods 

The authors reported hospital costs of a retrospective cohort of patients with cSDH, surgically treated at their 
own institution, between January 1st, 2007, and December 31st, 2017. All costs were adjusted for inflation to 
€2021. The authors searched PubMed for publications describing cumulative excess-mortality and health-related 
quality of life (HRQoL) after cSDH surgery, reported before July 31st, 2021, then used that data for assessing CUA 
on their own cohort. Health improvement was expressed in the unit of quality adjusted life years (QALYs) and 
calculated using a diagram with "lifetime" on X-axis and "HRQoL", computed from the Mental Health Continuum-
Short Form (MHC-SF) total score, on Y-axis. 

Results 

The data of 728 patients was included. The mean cost per patient was €7,086.18 in 2007, €9,383.08 in 2017, and 
was estimated to reach €12,369.05 in 2030. The mean cumulative survival was 0.76, corresponding to a mean 
lifetime of 8.05 years. The mean MHC-SF total score was 46.43/84 after cSDH surgery (HRQoL=0.82, mean 
follow-up=5.5 years). Healthy age and gender matched controls scored 56.39/84 (HRQoL=1). The estimated 
QALY-gain through surgery in comparison to "no treatment" was 5.3 QALYs, which by constant QALY-gain, would 
correspond to €1,337.01/QALY in 2007, €1,770.39/QALY in 2017, and €2,333.78 in 2030. 

Conclusion 

Because of the expected aging-related worsening of HRQoL and shortening of patients' remaining lifetime, the 
QALY-gain is likely to decrease. Adding this argument to the imminent mushrooming health-care costs, 
treatment alternatives are urgently required. 
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Die CatWalk XT®-Ganganalyse: Eine zuverlässige Verhaltensbeurteilung für schwere thorakale 
Rückenmarksverletzungen bei Ratten 
The CatWalk XT® gait analysis – a reliable behavioural assessment for severe thoracic spinal cord injury in rats 

G. Zheng1, H. Zhang1, M. Tail1, T. Skutella2, A. W. Unterberg1, K. Zweckberger1, A. Younsi1 

1Universitätsklinikum Heidelberg, Neurochirurgische Klinik, Heidelberg, Deutschland 
2Universitätsklinikum Heidelberg, Neuroanatomie, Heidelberg, Deutschland 

Objective 

To achieve an objective and integrated assessment of locomotor function remains challenging in spinal cord 
injury (SCI) animal models. Therefore, we studied the consistency of the CatWalk XT® gait analysis in evaluating 
behavioral outcome in a clinically relevant thoracic SCI model in rats. 

Methods 

13 Wistar rats were randomly assigned to either a T9 clip compression/contusion SCI (SCI group) or a sham 
laminectomy (Sham group). Locomotion recovery was assessed weekly using the BBB open field score and the 
CatWalk XT® gait analysis. The weight of the animals was continuously recorded, and the experiment was 
terminated six weeks after SCI. In fluorescence analysis of the spinal cords, the percentage of preserved spinal 
cord tissue, reactive gliosis (glial fibrillary acidic protein (GFAP)), and tissue scarring (chondroitin sulfate 
proteoglycan (CSPG)) were quantified. Pearson or Spearman correlation analyses were performed to study the 
correlation of animal weight, the BBB open field score, the percentage of preserved tissue, and the severity of 
gliosis and fibrosis with 20 major CatWalk XT® parameters (r values are presented). 

Results 

he compression/contusion injury caused a bilateral and significant hindlimb functional impairment in all CatWalk 
XT®parameters. Over the course of the experiment, a significant level of spontaneous recovery compared to the 
first postinjury time point was observed in most of the CatWalk XT® parameters and the BBB open field score. 
Histologically, the overall percentage of preserved tissue within +/- 1200 μm of the lesion epicenter was 80.50 ± 
2.93%. Correlation analysis of the hindlimb CatWalk XT® parameters, including regularity index, stride length, 
print area, max contact area, and swing speed with the reactive gliosis (p = 0.048) and tissue scarring (p = 0.033) 
yielded significantly higher r values than the BBB score. Moreover, in the print parameters, such as maximum 
intensity or print area, using the ratio (hindlimb values divided by forelimb values) could significantly decrease 
the bias caused by the weight increase during the recovery, compared to using absolute values from hindlimb 
measurements (p < 0.001). 

Conclusion 

The CatWalk XT® system is an objective and consistent tool for assessing the impairment and recovery of 
locomotor function after thoracic contusion/compression SCI in rats, showing a good correlation with the BBB 
open field score, spinal cord tissue sparing, gliosis, and fibrosis. 
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Elektrokortikographische Signatur von Infarkt Penumbra beim MCA-Infarkt: translationales Tiermodell 
Electrocorticographic signature of infarct penumbra in MCA infarction – translational animal model 

R. Díaz Peregrino1, M. Kentar1, C. Trenado Colín2, R. Sánchez Porras3, J. Woitzik3, E. Santos3 

1Universitätsklinikum Heidelberg, Neurochirurgische Klinik, Heidelberg, Deutschland 
2Heinrich-Heine-Universität Düsseldorf, Institute of Clinical Neuroscience and Medical Psychology, Düsseldorf, Deutschland 
3Evangelisches Krankenhaus Oldenburg, Universitätsklinik für Neurochirurgie, Oldenburg, Deutschland 

Objective 

Subarachnoid hemorrhage (SAH) is a serious condition with a complex evolution, being the delayed cerebral 
ischemia a possible fate with a bad prognosis. Invasive monitors provide continuous physiological data at the 
bedside and could be integrated into the surveillance of the neurocritical unwell as a prognosis tool. Therefore, 
the aim of this work was to characterize the electrocorticographic changes temporally and anatomically 
occurring after a Middle Cerebral Artery occlusion (MCAo), including those caused by Spreading Depolarizations 
(SDs) in the swine brain. 

Methods 

Through a left transorbital approach, the MCAs were surgically clipped and occluded in ten 30-35 Kg swine. 
Extensive craniotomy and dura mater excision were performed to place bilaterally 5 electrodes over the parietal 
and frontal cortex corresponding to the irrigation territory of the MCA and the Anterior Cerebral Artery (ACA). 
After surgical training in 4 animals, six animals were used for electrocorticography (ECoG) recording. Five-minute 
signal segments were obtained before, 0, 4, 8, and 12 hours after the artery occlusion, and before, during, and 
after the negative DC shift of the SDs. Sixteen SDs from the ACA channel and 45 SDs from the MCA channels 
were analyzed, having a frequency of 2 and 5 SDs per hour, respectively. The power spectrum of signals was 
decomposed into the delta, theta, alpha, beta, and gamma bands. 

Results 

After artery clipping, channels located near to the MCAo (nMCAo) registered immediate and permanent power 
drop in all the frequencies. Channels far from the MCAo (fMCAo), coinciding with the penumbra, exhibited 
instantaneous and constant shrinkage of fast waves mainly alpha, and progressive decline in delta and theta 
within 12 hours. After 8 hours, the ACA channel recorded power decay in all the frequencies except gamma. 
During SDs, all brain oscillations were abated at both MCA and ACA channels. Brain waves from the right 
hemisphere did not experience alterations. 

Conclusion 

The ECoG is useful to identify the penumbra zone and to monitor infarct progression. A secondary brain injury 
was observed in the irrigation territory of ACA after 8 hours of blood constraints at MCA. SDs generate drastic 
frequency disturbances regardless of the cortical location, causing sequelae at the presumable salvable brain 
tissue. ECoG might be a useful clinical tool to monitor the ischemia progression in patients with SAH, and to 
evaluate the effectiveness of surgical interventions. 
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Interleukin-13 und sein Rezeptor sind synaptische Proteine, die an Plastizität und Neuroprotektion beteiligt sind 
Interleukin-13 and its receptor are synaptic proteins involved in plasticity and neuroprotection 

S. Li1, F. olde Heuvel1, R. Rehman1, O. Aousji1, A. Froehlich1, Z. Li1, F. Roselli1 

1Universitätsklinikum Ulm, Neurology, Ulm, Deutschland 

Objective 

Upon brain trauma, a large number of inflammatory mediators are released in brain parenchyma which affects 
not only glial and inflammatory cells but also neurons and neuronal function. Some immune mediators appear to 
be released by neurons themselves, suggesting that they may have additional, non-immune roles in TBI. We 
have recently demonstrated that IL-13 is expressed by neurons and induced upon trauma; its physiological 
function in neurons and its effects on neurons upon trauma is unknown. 

Methods 

We have used confocal and super-resolution STED microscopy, fractionation technique and phosphor-array 
platforms, in combination with single-molecule in situ-mRNA hybridization to identify the neuronal sources of IL-
13 and its effects on neuronal function. 

Results 

We show that IL-13 is a presynaptic protein, and IL-13Ra1 is a post-synaptic receptor in mice, rats, and human 
brain tissue, therefore showing that neurons are the major source of IL-13. Furthermore, we demonstrate that 
IL-13 is upregulated in neurons upon trauma and, exploiting in vivo chemogenetic (PSAM/PSEM) approaches, we 
show that IL-13 is upregulated upon increased neuronal activity through pathways converging on the elevation 
of neuronal nuclear Calcium. We show that IL-13 triggers a set of signal transduction events in neurons that lead 
to glutamate receptor phosphorylation, induction of presynaptic and postsynaptic plasticity, and the activation 
of plasticity-related and anti-apoptotic transcriptional responses in neurons. We use holotomography live 
imaging to demonstrate that low doses of IL-13 reduce neuronal vulnerability to excitotoxic death, but high 
doses are neutral or detrimental. Finally, we demonstrate the relevance of our experimental observations by 
showing the early and massive upregulation of IL-13 and IL-13Ra1 in cortical tissue and CSF from human TBI 
patients from two independent cohorts. 

Conclusion 

Our data reveal that IL-13 is a previously unrecognized physiological modulator of synaptic physiology of 
neuronal origin, with implications for the establishment of synaptic plasticity and the survival of neurons under 
injury conditions. We show that the human brain is exposed to high levels of IL-13 upon trauma, which may be 
protective but, in region of high concentration, may be detrimental. Thus IL-13 provide a new, dose-dependent 
neuroprotective pathway for therapeutic manipulation. 
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Analyse von zerebralen Gewebeschäden, welche durch multimodales Neuromonitoring bei MRT-
Untersuchungen verursacht werden 
Brain tissue damage induced by multimodal neuromonitoring in situ – clinical relevance or just radiological 
sophistry? 

D. Pinggera1, R. Beer2, C. Thomé1, O. Petr1 

1Medizinische Universität Innsbruck, Universitätsklinik für Neurochirurgie, Innsbruck, Österreich 
2Medizinische Universität Innsbruck, Universitätsklinik für Neurologie, Innsbruck, Österreich 

Objective 

Both neuromonitoring and early magnetic resonance imaging (MRI) provide crucial information for treatment 
management and prognosis in patients with severe traumatic brain injury (sTBI). Yet, many neuromonitoring 
devices are restricted in MRI examinations due to MRI safety concerns, possibly causing thermal brain tissue 
damage. So far, neuromonitoring in situ impedes the routine implementation of MRI, potentially resulting in 
missing relevant data. The aim of the study was to evaluate the brain tissue damage induced by inserted 
neuromonitoring devices and its clinical relevance. 

Methods 

Nineteen patients with sTBI admitted to our neurosurgical ICU from 03/ 2015 to 12/2017 and being exposed to 
at least one MRI with neuromonitoring in situ and one follow-up MRI after neuromonitoring removal were 
prospectively included in the study. All MRIs were reviewed for specific tissue damage caused by the probes. 
Outcome was assessed 6 months after sTBI. 

Results 

Three females and 16 males (aged 20–74 years, mean 42.8years) with an initial median GCS of 5 (range 3-8) 
were analyzed. No lesion was observed in 6 patients (31.6%), whereas another 6 patients (31.6 %) demonstrated 
a detectable probe trajectory. Probe-related brain tissue damage was visible in 7 patients (36.8%) with the size 
of the lesion prone to enlarge more with increasing numbers of MRI examinations. Upon interdisciplinary 
evaluation the lesions were not considered clinically relevant. 

Conclusion 

Neuromonitoring probes in situ during MRI examinations may cause local brain tissue damage, yet without any 
clinical implications. For this reason, indications must be strictly based on joint decision from all involved 
disciplines, ideally obeying institutional standard operating procedures. Yet, neuromonitoring in situ should not 
be a reason to disqualify patients from MRI examinations in the early phase after sTBI. The size of 
neuromonitoring-induced brain damage appears commensurate with the time of examination. 
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Extrakorporale Membranoxygenierung beim Schädel-Hirn-Trauma – eine retrospektive, Multicenterstudie 
Extracorporeal membrane oxygenation in traumatic brain injury – a retrospective, multicentre cohort study 

M. M. Mader1,2, R. Lefering3, M. Maegele4, M. Westphal1, P. Czorlich1 

1Universitätsklinikum Hamburg-Eppendorf, Klinik und Poliklinik für Neurochirurgie, Hamburg, Deutschland 
2Stanford University School of Medicine, Institute for Stem Cell Biology and Regenerative Medicine, Stanford, CA, Vereinigte Staaten 
3Universität Witten/Herdecke, Institut für Forschung in der Operativen Medizin (IFOM), Köln, Deutschland 
4Krankenhaus Köln-Merheim, Klinikum der Universität Witten/Herdecke, Klinik für Orthopädie, Unfallchirurgie und Sporttraumatologie, Köln, 
Deutschland 

Objective 

Patients with moderate to severe traumatic brain injury (TBI) with or without relevant concomitant injuries are 
usually treated on intensive care units (ICUs) with invasive ventilation. Consequently, these patients are at 
increased risk of lung failure, potentially requiring extracorporeal membrane oxygenation (ECMO). The aim of 
this work is to provide an overview of ECMO treatment in TBI based upon data captured into the German 
TraumaRegistry (TR-DGU). 

Methods 

A retrospective multi-center cohort analysis of patients registered in into the TR-DGU was conducted. Adult 
patients with relevant TBI (AIS Head ≥3) who had been treated in German, Austrian, and Swiss level 1 or 2 
trauma centers between 2015 and 2019 were included. Multivariable logistic regression analysis was performed 
to identify early risk factors associated with need for ECMO treatment. 

Results 

16,513 patients fulfilled the inclusion criteria and were analyzed. The overall rate of ECMO treatment was 0.8% 
(134 patients) with the highest rate of 1.03% among16-59 year old patients. Patients on ECMO had an overall 
hospital mortality rate of 38.1% (51/134 patients) while 12.5% (2055/16.379patients) of TBI patients without 
ECMO died. Risk factors for ECMO were male gender (p=0.029), AISChest 4 (p=0.048), AISChest 5 (p=0.008) and 
packed red blood cell (pRBC) transfusion (1-9 pRBC (p<0.001), ≥ 10 pRBC (p=0.002)). 

Conclusion 

ECMO therapy is a key component to the treatment of moderate-to-severe TBI combined with severe chest 
trauma and pulmonary failure. Even though associated with higher in-hospital mortality, the majority of ECMO 
patients is surviving. Severe chest trauma and pRBC transfusion are potential early predictors for the need of 
ECMO in the further clinical course of TBI patients. 
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Versorgungspfade und ärztliche Entscheidungsfindung bei Notfallpatienten mit Schädel-Hirn-Trauma an einer 
neurochirurgischen Universitätsklinik 
Care paths and medical decision making in TBI patients presenting to the emergency department of a 
neurosurgical maximum care provider 

T. Schink1, S. Bahtijari1, A. W. Unterberg1, A. Younsi1 

1Universitätsklinikum Heidelberg, Neurochirurgische Klinik, Heidelberg, Deutschland 

Objective 

Although diagnostic parameters for traumatic brain injury (TBI) are definite and the classification, based on the 
GCS score is well-defined, the medical management of especially milder cases of TBI relies on different, less 
clear-cut factors. Therefore, we aimed to describe care paths and medical decision making in TBI patients. 

Methods 

Patients with a suspected TBI, admitted to the ED of neurosurgical maximum care provider were prospectively 
assessed between April and December 2021. Demographics and clinical data were collected and the necessity 
for neuroimaging, admission to the regular ward or ICU and required medical or neurosurgical interventions 
were analyzed. 

Results 

Over a period of nine months, 781 TBI patients could be included (50% male; median age 50 (1-99) years). The 
most common cause of injury was an incidental fall (63%), typically happing in the home environment (40%). 
Nearly all patients (95%) presented with a mild TBI (GCS 13-15), and neurological deficits were rare (8%). 
Nevertheless, 132 patients (18%) suffered from amnesia and 110 (14%) had experienced vomiting. 
Anticoagulation was present in 25% of patients and 9% were under the influence of alcohol. Radiographs of the 
spine were taken in 126 patients (16%) and brain computed tomography (CT) imaging was performed in 66% of 
cases. Pathological intracranial findings were observed in 172 patients (34%). Interestingly, interventions were 
necessary for 662 patients (85%), including, among others, i.v.-analgesia (29%), superficial wound care (29%), 
antibiotic treatment (7%) and neurosurgery (6%). The decision for hospital admission was taken in 22% of cases 
with "pathological CT finding" being the most common indication (78%). 

Conclusion 

TBI patients presenting to a neurosurgical maximum care provider predominantly suffer from mild injuries. 
Nevertheless, the rate of brain CT imaging is high but similarly the rate of intracranial pathologies, suggesting 
adequate decision-making. Interventions typically pertain to pain and wound management and neurosurgery is 
rarely necessary. Considering the low hospital admission rate, overtreatment seems unlikely. A higher median 
age and frequent domestic falls might reflect the demographic change of TBI in Germany. Whether or not the 
COVID pandemic has affected those results needs to be further assessed. 
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Cerebrale Perfusionsveränderungen durch akute subdurale Hämatome 
Cerebral perfusion changes in acute subdural haematoma 

J. Winkler1, G. Santos Piedade1, C. Rubbert2, D. Hänggi1, M. A. Kamp3, P. Slotty1 
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Objective 

Acute subdural hematoma (aSDH) is one of the main reasons for high mortality and morbidity in traumatic brain 
injury. Prognosis is often poor due to the rapid volume shift and mass effect. Cerebral perfusion is likely affected 
in this condition. This study quantifies ER perfusion changes in aSDH with perfusion CT (CTP). 

Methods 

We prospectively collected data of 54 patients with a traumatic aSDH from 2016 to 2020. Glasgow Coma Scale 
(GCS), perfusion parameters, therapeutic decisions and preoperative imaging data including hematoma width, 
midlineshift and hematoma localization were analyzed. The cortical perfusion parameters of each hemisphere, 
the area anterior to the hematoma (AAH), area below the hematoma (ABH), area posterior to the hematoma 
(PAH) and corresponding mirrored contralateral regions were determined. 

Results 

We found a significant difference in Tmax in affected and unaffected whole-hemisphere data (mean 4.0s vs. 
3.3s, p<0.05, t-test) and a significantly different mean for Tmax in ABH and for the corresponding mirrored area 
cortical (MAC) (mean 3.8s vs. 3.1s, p<0.05). No significant perfusion changes in cerebral blood flow (CBF), 
cerebral blood volume (CBV) and MTT (mean CBF 69.6 ml/100g/s vs. 68.8 ml/100g/s, p=0.927; CBV 23.1 ml/100g 
vs. 22.8 ml/100g, p=0.916; MTT 3.5s vs. 3.5s, p=0.879) were found. In the affected hemisphere, Tmax was 
significantly higher in patients later treated surgically than in patients managed conservatively (mean Tmax 
affected hemisphere surgery 4.7s vs. mean Tmax affected hemisphere no surgery 2.7s, p<0.001). In addition, we 
compared Tmax in the affected hemisphere in patients who survived and patients that died. Although there was 
no clear relationship between increased Tmax and individual survival, a difference of the mean values in Tmax 
(mean Tmax affected hemisphere survival 3.5s vs. mean Tmax affected hemisphere clinical death 5.2s, p<0.05) 
was detected. 

Conclusion 

There are clear and consistent changes in brain perfusion in aSDH. Especially Tmax was elevated in the 
underlying cortical area of aSDH. Tmax values may prove to be a sensitive indicator for the need of hematoma 
evacuation. 
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Patientenwahrnehmung und -zufriedenheit bei einer Bohrlochtrepanation in Lokalanästhesie im Wachzustand 
zur Entlastung eines chronischen subduralen Hämatoms 
Patient perception and satisfaction in awake burr hole trepanation under local anesthesia for evacuation of 
chronic subdural haematoma 

J. Göttsche1, A. Mende2, M. M. Mader1,3, C. Zöllner2, M. Westphal1, P. Czorlich1 
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Objective 

Evacuation of chronic subdural hematoma (CSDH) will be one of the most common neurosurgical procedures in 
the future in the increasingly aging Western society and is routinely performed on awake patients. To some this 
may place a psychological burden. Aim of this study was to explore the psychological distress of patients during 
CSDH relief. 

Methods 

Patients with awake evacuation of CSDH were enrolled in our monocenter prospective study, with unimpaired 
consciousness and ability to self-report as the main selection criteria. Clinical and surgery-specific data, like 
surgeon´s level of training, were collected. In addition, patient satisfaction was measured using standardized 
questionnaires 3–5 days and 6 months after surgery. Perceived pain was reported using the numerical rating 
scale (NRS). 

Results 

A total of 49 patients were included (30 male and 19 female). The mean age was 73 years (range 51– 92). Before 
surgery, 21 patients reported pain (mean score 3.8 on the NRS), 18 patients reported sleep disturbances and 21 
concentration disturbances. During the operation, 27 patients reported pain (mean 3.9 on the NRS) and 17 
patients had intraoperative anxiety (mean 2.6). Postoperatively, 27 patients experienced pain (mean 2.7). 12 
patients reported postoperative sleep disturbances and 13 concentration disorders. On a scale of 0–10, patients 
reported their satisfaction with surgery with a mean score of 8.7 (range 5–10). In the days following surgery, 
73% patients would agree to another operation. Agreement increased to 80% in the survey 6 months after the 
procedure. Duration of surgery differed significantly with respect to surgeon's level of training. Surgeries 
performed by the chief physician or senior physicians took a mean of 29.3±10.7 min, while residents' procedures 
took 45.2±27.1 min (p=0.015). Intraoperatively perceived pain also varied significantly with level of training 
(median 0 for chief physician; median 4 and 5 for resident and senior physicians, respectively (p=0.019)). At 6-
month follow-up, there was no significant difference in retrospective patient satisfaction depending on 
surgeon's level of training (p=0.35). We observed no adverse events during awake burr hole trepanation and 
switching to general anesthesia was not necessary in any case. 

Conclusion 

Burr hole evacuation of CSDH under local anesthesia in awake patients is a favorably perceived procedure to 
avoid general anesthesia, especially in view of the older age of the patients. 
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Operative Behandlung chronischer Subduralhämatome durch Nadeltrepanation und fraktionierte 
Hämatomentlastung als Therapie der ersten Wahl: monozentrische Erfahrungen mit einer Analyse von 300 
Fällen 
Operative treatment of chronic subdural haematoma by twist drill craniostomy (TDC) and fractionated 
haematoma evacuation as a fist-line therapy – monocentric study with analysis of 300 cases 

A. Elnewihi1, A. Velalakan2, T. Ilic2, A. Lätzer2, R. Behnisch3, A. Sauer3, O. Sakowitz2 

1Klinikum Uelzen, Neurochirurgie, Hannover, Deutschland 
2Klinikum Ludwigsburg, Neurochirurgie, Ludwigsburg, Deutschland 
3Universitätsklinikum Heidelberg, Institut für Biometrie, Heidelberg, Deutschland 

Objective 

Chronic subdural hematoma (CSDH) is considered to be one of the most common diseases in neurosurgical 
practice. Incidence is increasing with a growing elderly population. In principle, every symptomatic hematoma 
should be treated operatively. The best operative method remains controversial. We will demonstrate the 
efficacy and feasibility of Twist drill craniostomy (TDC) concerning the recurrence rate and complications from a 
center with nearly 20 years of experience in routine TDC for CSDH 

Methods 

All patients operated by TDC between December 2016 to December 2019 were enrolled and analysed 
retrospectively. Clinical course, outcome and complications wer studied. Clinical examination included the 
Markwalder score (MGS) at the admission and discharge. Primary outcomes were assessed as the neurological 
and radiological results at discharge. Treatment success was defined as sufficient treatment of CSDH via TDC 
with improvement the clinical and radiological findings. Any readmission with necessity for recurrent operative 
treatment, or use of craniotomy as a secondary treatment following the initial admission were considered as 
treatment failures 

Results 

A total of 300 patients were included. Male to female ratio was 2.6:1. The age ranged from 32 to 100 years 
(median 79). The main initial symptom of patients was headache in 44,5%, followed by neurological deficits in 
35%. Hematoma thickness on admission ranged from 5 mm to 40 mm (median of 21). Overall 58% of the 
patients presented with neurological deficits on admission. The statistical analysis showed a significant 
improvement of the Markwalder grading score (p=0.001) and the hematoma thickness (p=0.001) at discharge. In 
total 32,3 % treatment failures were observed, out of which 14,3% of the patients showed no satisfactory initial 
treatment by TDC and were treated by BHT during the same hospital stay. Remaining 18% of primary treatment 
failures were readmitted with recurrence. These occurred independent of age (p= 0.193), initial hematoma 
thickness (p= 0.182) or use of anticoagulants (p= 0.644). The overall complication rate was 7% 

Conclusion 

TDC is an effective bedside method of treating CSDH first-line with significant improvement of neurological and 
radiological outcome. Despite a significant number of treatment failures (cross-over to second-line operative 
treatments and true recurrencies) the overall complication rate was low. The effectiveness does not appear to 
be determined by age, extent of CSDH or use of anticoagulants 
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Intrathekale Penetration von Fosfomycin bei Patienten mit Ventrikulitis – eine prospektive Beobachtungsstudie 
Intrathecal penetration of fosfomycin in patients with ventriculitis – a prospective observational study 

C. König1,2, J. Martens-Lobenhoffer3, P. Czorlich4, S. Kluge1, M. Westphal4, S. M. Bode-Böger3, J. Grensemann1 

1Universitätsklinikum Hamburg-Eppendorf, Klinik für Intensivmedizin, Hamburg, Deutschland 
2Universitätsklinikum Hamburg-Eppendorf, Krankenhausapotheke, Hamburg, Deutschland 
3Universitätsklinikum Magdeburg, Institut für Klinische Pharmakologie, Magdeburg, Deutschland 
4Universitätsklinikum Hamburg-Eppendorf, Klinik und Poliklinik für Neurochirurgie, Hamburg, Deutschland 

Objective 

For treatment of ventriculitis, vancomycin and meropenem are frequently used as empiric treatment but 
cerebrospinal fluid (CSF) penetration is highly variable and may result in subtherapeutic concentrations. 
Fosfomycin (FOF) has been suggested for combination antibiotic therapy enhancing gram-positive and gram-
negative coverage, but data are sparse, so far. Therefore, we studied CSF penetration of FOF in ventriculitis. 

Methods 

With ethics approval, patients receiving a continuous infusion of FOF for ventriculitis at a starting dose of 24g/d 
were included, and patient data, including serum and CSF concentrations for FOF were prospectively collected 
twice weekly from CSF drains. Antibiotic CSF penetration ratio was calculated for each patient. The dose was 
subsequently adapted according to TDM values, targeting CSF concentrations above the antibiotic resistance 
breakpoint. 

Results 

Seventeen patients with 43 CSF/serum pairs were included. Infections were caused by coagulase-negative 
Staphylococci (n=10), Enterobacterales (n=6), and S. aureus (n=1). Mean FOF serum concentration was 257 ± 157 
mg/L and the CSF concentration 127 ± 93 mg/L. Considering only the first measurements in each patient before 
a possible dose adaption, mean serum and CSF concentrations were 268 ± 157 mg/L and 158 ± 120 mg/L. Mean 
CSF penetration was 50 ± 22% with a coefficient of determination (R2) of 0.65. We found 98% of CSF levels above 
the antibiotic resistance breakpoint of 32 mg/L. No adverse toxicity was observed. 

Conclusion 

Penetration of FOF into the CSF is high, reliably leading to concentrations above the resistance breakpoint. 
Continuous administration of FOF appears to be a reasonable approach for antibiotic combination therapy in 
patients suffering from ventriculitis. 
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Postoperative Zerebrale Sinusvenenthrombose nach neurochirurgischen Eingriffen in der hinteren 
Schädelgrube: Inzidenz, Risikofaktoren und therapeutisches Management 
Postoperative cerebral venous sinus thrombosis following posterior fossa – tumor surgery – incidence, risk factors 
and therapeutic options 

E. Shabo1, J. Wach2, M. Hamed2, Á. Güresir2, L. Weinhold3, H. Vatter2, E. Güresir2 

1Universitätsklinikum Bonn, Klinik und Poliklinik für Neurochirurgie, Bonn, Deutschland 
2Universitätsklinikum Bonn, Klinik und Poliklinik für Neurochirurgie, Bonn, Deutschland 
3University Hospital Bonn, Department of Medical Biometry, Informatics and Epidemiology, Bonn, Deutschland 

Objective 

Cerebral venous sinus thrombosis (CVST) is a known complication of posterior fossa surgery near the sigmoid 
and transverse sinus. The incidence and treatment of postoperative asymptomatic CVST are controversial. This 
study aims to analyze the incidence, risk factors and the strategy of management of postoperative CVST after 
tumor surgery. 

Methods 

In this retrospective, single-center study, we included all patients who underwent tumor surgery in the posterior 
fossa in the sitting position between January 2013 and December 2020. We analyzed the effect of 
demographical and surgical data on the incidence of postoperative CVST. The two management options of 
postoperative CVST and the incidence of intracranial hemorrhage were analyzed. 

Results 

In total, 266 patients were identified and included. Thirty-three of 266 patients (12.4%) developed a 
postoperative CVST. 13 of the 33 patients received therapeutic anticoagulation, and 20 patients did not. Risk 
factors for the development of a postoperative CVST, were tumor entity: meningioma (p<0.001, OR 11.3, CI 95% 
4.1-31.2), and vestibular schwannoma (p=0.013, OR 4.4, CI 95% 1.3-16.3). Age (p=0.562), sex (p=0.197), ASA 
status (p=0.125), BMI (p=0.591), and length of surgery (p=0.176) were not statistically correlated with new 
postoperative CVST. The use of therapeutic anticoagulation to treat postoperative CVST was associated with a 
higher rate of intracranial hemorrhage (n=4) in the univariate (p=0.017) as well as in the multivariate analysis 
(p<0.001, OR 47.1, 95% 6.6-334.18). 

Conclusion 

Tumor entity influences the incidence of new CVST. In clinically asymptomatic patients, careful decision-making 
is necessary whether to initiate therapeutic anticoagulation or not. 
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Korrelation der AKT1-, SMO- und PIK3CA-mutierten Olfaktoriusrinnenmeningeome mit der olfaktorischen 
Funktion und den radiologischen Merkmale  
Correlation of AKT1-, SMO- and PIK3CA-mutated olfactory groove meningiomas with olfactory function and 
radiographic features 

D. Podlesek1, D. Daubner2, F. Beyer1, L. Günther1, M. Alkhatib1, M. M. Hijazi1, T. Pinzer1, M. Kirsch1, G. Schackert1, 
T. Hummel3, T. Juratli1,3 
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2Carl Gustav Carus Universitätsklinikum, TU Dresden, Institut und Poliklinik für diagnostische, Dresden, Deutschland 
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Objective 

Genomic studies have identified oncogenic SMO and AKT1 mutations in olfactory groove meningiomas (OGM). 
Here, we sought to correlate radiologic features and olfactory function with the molecular status in a large 
cohort of OGM patients. 

Methods 

We performed targeted sequencing in 58 OGM patients (39 females and 19 males) to determine the frequency 
of SMO (L412F and W535L), AKT1(E17K) and PIK3CA(H1047R) mutations. The molecular results were 
subsequently correlated with tumor features on MR imaging. In addition, detailed olfactory function (odor 
Threshold, Discrimination and Identification tests, TDI) was preoperatively assessed in 32 (55.2%) and 
postoperatively in 23 (39.7%) patients. The TDI score was defined as functional anosmia (≤ 16.5), normosmia (> 
30.5) and hyposmia (score between both values). 

Results 

SMO mutations were found in 16 (27.6%), AKT1 in 10 (17.2%) and PIK3CA mutations in 5 (8.6%) patients, while 
the remaining 27 tumors were wild-type (WT). Meningiomas with an SMO mutation presented with a tumor 
volume of (329.4 ± 323.0 cm3) compared with AKT1-mutated (283.3 ± 156.2 cm3) and WT (330.2 ± 302.9 cm3) 
meningiomas, respectively. Males had a significantly better preoperative odor Threshold and Identification than 
females (p=0.04 and p=0.03; respectively). Regarding preoperative olfactory function, there was no significant 
difference between patients with AKT1-, SMO, PIK3CA- mutant tumors and their counterparts with WT 
meningiomas. Preoperative olfactory function correlated to OGM volume (Discrimination: r20=0.5, p=0.025, 
Identification r26=0.53, p=0.005; TDI score: r23=0.57, p=0.004). Postoperative Discrimination, Identification and 
TDI-scores were reduced and correlated significantly with tumor volume (p<0.001). Radiographically, tumor 
infiltration of the ethmoidal cells was found in 10 cases (17.2%), with the highest rate in PIK3CA-mutated OGM 
(60%), compared with 12.5% in AKT1-, 28.5% in SMO-mutated, and 10% in WT meningiomas. In addition, tumor-
associated hyperostosis of the skull base was common in OGM (65.5%), with the lowest frequency in the AKT1-
mutated group (50%) and the highest in the SMO and WT-groups (85% each). 

Conclusion 

Our data demonstrate clinically actionable mutations in 53.4% of OGM and suggest no association between the 
molecular status and common clinical and tumor radiologic features. Similarly, we did not detect a correlation 
between the olfactory function and the tumor molecular profile. 
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Die klinische und prognostische Rolle der Expression von S100B in Meningeomen 
The clinical and prognostic role of S100B expression in meningiomas 
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Objective 

The prognostic assessment in meningiomas is or high importance to detect patients at risk of recurrence as early 
as possible. Recently, an integrative molecular classification of meningiomas with prognostic impact has been 
described. There is first evidence that S100 may be a marker associated with a favorable clinical course. 

Methods 

We therefore assessed the immunohistochemical expression of S100 in our meningioma cohort of 1664 paraffin-
embedded and formalin-fixated tumor tissue samples. A semi-quantitative scoring system was applied. 
Correlations with clinical parameters were done (gender, age, NF2, prior radiotherapy, histological subtype, 
WHO grade, proliferation activity and time to tumor recurrence). 

Results 

A strong expression of S100 was seen in 195 meningiomas (11.7%). A higher rate of cases with high expression 
was seen with female gender (p= 0.0004), NF2 (p< 0.0001), spinal and convexity/falx location (p< 0.0001) and 
WHO grade I (p= 0.0073). Kaplan-Meier Analysis showed a favorable disease course for meningiomas showing a 
strong expression of S100 (p= 0.0099) but multivariate analysis did not confirm a prognostic effect for S100. 

Conclusion 

Strong immunohistochemical expression of S100 is associated with benign meningiomas but is not an 
independent prognostic marker. 
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Die Verteilung der immunohistochemischen Expression von BAP1 in Meningeomen 
Distribution of the immunohistochemical expression of BAP1 in meningiomas 
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Objective 

Meningiomas are mostly benign tumors arising from the arachnoid cap cells. However, prognostic assessment is 
important to identify cases with a tendency for a more aggressive behavior. The loss of the breast cancer 
(BRCA)1-associated protein-1 tumor suppressor gene (BAP1) has recently been described to be associated with 
clinically aggressive meningioma subtypes. 

Methods 

To evaluate the distribution of BAP1 loss in more detail we performed immohistochemical staining for BAP1 in 
1253 formalin fixated paraffin embedded meningioma tissue samples that were surgically treated in the authors' 
institution between March 2000 and March 2017.   

Results 

A loss of BAP1 was only seen in 5 cases (0.4%). Most of them were more aggressive subtypes. Regarding high-
grade meningiomas (WHO grade III), 3 out of 28 cases showed a BAP1 loss (10.7%). A Kaplan-Meier analysis 
showed a negative prognostic impact. However, the subgroup with BAP1 loss is too small for further prognostic 
evaluation via multivariate analysis. 

Conclusion 

Immunohistochemical BAP1 expression is a rare finding in meningiomas and is mainly observed in more 
aggressive tumor types. 
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Molekulare Mechanismen der Gehirninvasion bei Meningeomen: ein systematisches Review 
Molecular mechanisms of brain invasion in meningiomas – a systematic review 
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Objective 

Invasion of brain tissue by meningioma has been identified as one key factor for meningioma recurrence and is a 
stand-alone criterion for atypical meningioma (CNS WHO grade 2). While post-surgery irradiation therapy might 
be initiated in brain-invasive meningiomas to prevent recurrences, specific treatment approaches targeting key 
molecules involved in the invasive process are not established. Here we have compiled the current knowledge 
about mechanisms supporting brain tissue invasion by meningiomas. 

Methods 

A systematic search was performed in both the Embase and PubMed databases. Using the Emtree/MeSH terms, 
"meningioma AND invasion" as well as "meningioma AND migration" were searched. Results were merged and 
conference abstracts as well as non-English articles removed. The remaining titles and abstracts were then 
screened for relevance to this review. 

Results 

The initial search returned 2336 results which were narrowed down according to PRISMA guidelines to 224 full 
text studies and reviewed for relevance to this study. The current data suggests that the remodeling and 
modification of extracellular matrix proteins seems to be the dominating feature of meningioma invasion. 
Proteases such as MMP 9 or Cathepsin B, L were widely shown to correlate with invasive features. Similarly, 
Integrins, proteins involved in Cell-Cell and Cell-ECM interactions as well as cytoskeletal changes seem to 
contribute to the invasion process. The epithelial to mesenchymal transition (EMT) known to drive invasion in 
other cancers seems to have limited impact in meningioma invasion. 

Conclusion 

The capacity of Meningioma to invade surrounding structures with the potential consequence of worse clinical 
outcome represents a process which is not well understood so far. The available data are limited because most 
studies have used simple correlative approaches linking invasiveness with different proteins in vitro or analyzing 
human meningioma samples for expression. To characterize such a complex mechanism, more sophisticated 
methods than previously used are necessary to capture inter and intratumoral differences that may arise due to 
different migratory programs. Simple immunohistochemical approaches and collective protein expression 
analysis might not sufficiently elucidate the diverse local intratumoral expression dynamics. Single cell analyses 
and better models of invasion might help to further elucidate this elaborate process. 
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Ein großer Schritt zur Präzisionsmedizin: Automatisierte Medikamentenscreeningplattform mit 
Tumororganoiden identifiziert Patienten-spezifisches Ansprechen 
Towards precision medicine – automated drug screening platform utilising Tumour-Organoids to identify patient-
specific drug-responses 

G. Jungwirth1, A. Paul1, J. Cao1, R. Warta1, A. Abdollahi2, A. W. Unterberg1, C. Herold-Mende1 
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Objective 

Tumor-organoids (TO) are mini-tumors generated from tumor tissue preserving its genotype and phenotype by 
maintaining the cellular heterogeneity and important components of the tumor microenvironment. We recently 
developed a protocol to reliably establish TOs from meningioma (MGM) in large quantities. The use of TOs in 
combination with lab automation holds great promise for drug discovery and screening of comprehensive drug 
libraries. This might help to tailor patient-specific therapy in the future. Our study aimed to establish an 
automated drug screening platform utilizing TOs. 

Methods 

For this purpose, we established TOs by controlled reaggregation of freshly prepared single-cell suspension of 
MGM tissue samples in the high-throughput format of 384-well plates. The drug screening was performed fully 
automated by utilizing the robotic liquid handler Hamilton Microlab STAR and a drug library containing 166 FDA-
approved oncology agents. First, a two-step screening process was employed: Drugs were screened at a single 
dose (2.5 µM) for 72h in triplicates. Viability was assessed with CellTiterGlo3D. The top 10 drugs resulting in the 
lowest viability were then considered for further validation. These drug candidates were then analyzed in a six-
point dose-response scheme ranging from 3 nM to 10 µM. Half-maximum inhibitory concentrations (IC50) were 
calculated from the resulting dose curves. Cluster analyses were performed in the software R. 

Results 

In total, we performed fully automated drug screening with 166 antineoplastic drugs on TOs from 11 patients 
suffering from MGM (n=8 WHO°I, n=2 WHO°II, n=1 WHO°III). The top five most effective drugs decreased TO 
viability, ranging from 84.6–63.3%. K-means clustering analysis resulted in groupings of drugs with similar modes 
of action. One cluster consisted of epigenetic drugs while another cluster consisted of several proteasome 
inhibitors. However, when looking at a patient-individual level, in 11 patients 44 of 166 drugs, were among the 
top 10 most effective drugs, providing strong evidence for heterogeneous drug responses in MGM patients. 

Conclusion 

Taken together, we successfully developed an automated drug screening platform pipeline utilizing TOs from 
MGM to identify patient-specific drug responses. The observed intra-individual differences of drug responses 
mandate for personalized testing of comprehensive drug libraries in TOs to tailor more effective therapies in 
MGM patients. 

 
 



 

398 

 

Meningeome/Meningiomas 

P123 

 
Der klinische Effekt des Hirnödems bei Patienten mit intrakraniellen Meningeomen 
Clinical effect of brain edema in patients with intracranial meningiomas 
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1Universitätsklinikum Schleswig-Holstein, Campus Kiel, Neurochirurgie, Campus Kiel, Kiel, Deutschland 

Objective 

Brain edema is a common co-manifestation in intracranial meningiomas (IMs). Many studies have been 
published investigating the pathogeneses of brain edema (BE) and many various factors involved in the 
development of BE in patients with IMs. However, there are known very few information about the effect of BE 
on clinical symptoms and neurological deficits. The proposal of this study was to examine the effect of BE on 
preoperative and postoperative symptoms and neurological deficits. 

Methods 

In this study, 696 patients were included who underwent surgery for primary IMs in our department between 
2003 and 2019. Patients demographics, tumor and treatment characteristics, and follow-up data were collected 
by using the medical records. 

Results 

Preoperatively, 627 (90.1%) patients were symptomatic. Patients with small to moderate BE and severe BE had 
more often symptoms and neurological deficits, 188 (90.8%) patients and 125 (98.4%) patients, respectively, 
compared to 314 (86.7%) patients without BE. Preoperatively, cognitive deficits, palsy, seizure, aphasia and 
olfactory dysfunction were more frequent presented in patients with BE than in patients without BE. Patients 
with severe BE suffered significantly more often on headache. 

Postoperatively, 36.6% of patients had complications. The complications rate was significantly higher in patients 
with BE, 41.4% of patients with small to moderate BE and 52.8% of patients with severe BE, compared to 28.2% 
of patients without BE. The multiple logistic regressions analysis revealed a significant correlation between 
postoperative bleeding, aphasia, delirium, ischemic infarction, pneumonia and BE. Furthermore, patients with BE 
required more often medical support. Thus, 24.2% of patients with small to moderate BE and 26% of patients 
with severe BE were transferred to rehabilitation or other hospital for further treatment, compared to only 
11.6% of patients without BE. In addition, morality rate was higher in patients with BE direct postoperatively and 
in the follow-up period. The neurological condition of all patients improved in the follow-up and did not showed 
significant difference between patients without and with preoperative BE. 

Conclusion 

Preoperative BE increased significantly the risk for preoperative and postoperative symptoms and neurological 
deficits in patients with IMs.  After surgery, patients with BE required more often medical support than patient 
without BE. However, all patients benefit from surgery during the course of time.  

 
 



 

399 

 

Meningeome/Meningiomas 

J-HSNC02 

 
Anästhesie-Mumps nach Kraniotomie bei parasagittaler Meningeom-Resektion: Fallbericht 
Anaesthesia mumps after craniotomy for parasagittal meningioma resection – case report 

A. Tsitlakidis1, B. Almasarwah1, C. Vontetsianos2, E. Papadaki3, K. Vlachos1 

1KAT Attica General Hospital, Department of Neurosurgery, Kifisia, Griechenland 
2Αthens Voice and Swallowing Center, Athens, Griechenland 
3KAT Attica General Hospital, 2nd Intensive Care Unit, Kifisia, Griechenland 

Objective 

Acute postoperative sialadenitis, also known as anaesthesia mumps, is a rare complication after general 
anaesthesia for surgical procedures. This is a report of a patient that presented with anesthesia mumps after 
craniotomy for the resection of a parasagittal meningioma. 

Methods 

The 42-year-old male patient was submitted to a right frontal parasagittal craniotomy for the resection of a right 
parasagittal parafalcine meningioma under general anaesthesia. After the procedure, he was extubated and he 
was transferred to the internal care unit for postoperative observation and care. Nine hours after the end of the 
operation, he presented with acute bilateral neck swelling and a subjective feeling of dyspnea. The neck 
computer tomography scan revealed a bilateral edema of the parotid and submandibular salivary glands, mainly 
on the left side, and the structures around the pharynx and the larynx, representing a threat for the airway. 

Results 

The neck swelling gradually subsided under conservative treatment, without the need to reintubate the patient. 
Unable to swallow for the first few days, he gradually regained the control of his swallowing mechanism, led by a 
team of head and neck surgeons and speech and language therapists. During his postoperative course, he 
developed an exacerbation of his preoperative psychiatric findings that ameliorated with the appropriate anti-
psychotic regimen. The patient was discharged without neurological deficits. 

Conclusion 

Acute sialadenitis is a rare postoperative condition that may complicate the craniotomy for the resection of an 
intracranial lesion. Although infrequent, benign and self-dissolving, it may occasionally represent a threat for the 
airway. Therefore, the neurosurgeon and other involved clinicians should be aware of this disorder, its course, its 
treatment and the indications for intubation. The treatment of this rare condition is best achieved in the context 
of a properly organized multidisciplinary team. 
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Okzipitale kutane Masse – eine seltene Metastasierung eines operierten und mit γ-Messer behandelten 
Meningeoms 
Occipital cutaneous mass – a rare metastasis of an operated and γ-knife treated meningioma 
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Objective 

Cutaneous meningiomas are rare tumors derived from meningo-epithelial cells which are ectopically located in 
the dermis or subcutaneous tissue. The majority of lesions are on the scalp over the occipital area or along 
cranial suture lines. After removal of a meningioma in the patient"s history, scalp metastasis from the previously 
resected meningioma should be considered. The suggested most common mechanism is intraoperative 
seeding. On the other hand presentation of a cutaneous meningioma several years later may have been as a 
result of the low dose radiotherapy. From a histopathological point of view, metastases of meningiomas have to 
be differentiated mostly from squamous cell carcinoma, giant cell fibroblastoma and cellular fibrous 
histiocytoma. For a definitive diagnosis especially in large masses total excision should be the method of choice. 

Methods 

A 76-year old patient presented with a large local swelling over occipital bone and no other symptoms. Six years 
earlier we resected a right occipital parasagittal meningioma Grade II and few months later we place a VPS 
because of NPH. The patient had preoperatively visual disturbances that they do not change until today. After 4 
years appeared with multiple meningiomas over tentorium and falx. He received γ-knife treatment and the 
growth rate of intracranial masses was restricted. After 2 years follow-up MRI revealed a 6,9 x 5 x 3,5 cm scalp 
mass over occipital bone and recurrence of the intracranial multiple meningiomas. The mass was resected under 
general anesthesia. 

Results 

Histopathology revealed a Grade II meningioma, with similar characteristics as the old intracranial one and was 
characterized as metastasis. As the tumor was well-localised, without an intra-cranial connection and with 
typical histological features of a meningioma, it has a good prognosis. The patient was treated with a new γ-knife 
session in order to restrict intracranial recurrence sites and he remains clinically stable. 

Conclusion 

Cutaneous metastases of meningiomas are a rare entity. Risk factors include multiple surgeries, 
immunosuppression, CSF fistula, radiation therapy and wound healing problems. However, if patient history 
reveals removal of a meningioma and additional radiotherapy treatment, meningioma metastasis should be in 
the differential diagnosis even years after the initial surgery.  
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Gammasonde-gestützte Resektion der intrakraniellen Meningeome, eine Machbarkeitsstudie 
Gamma probe-assisted removal of intracranial meningioma – a feasibility study 

D. Kalasauskas1, P. E. Baqué2, H. Reber2, J. Conrad1, E. Schwandt1, N. Keric1, M. Schreckenberger2, F. Ringel1 
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Objective 

Meningioma resection in case of intraosseous and intramuscular expansion or the differentiation between 
relapsed tumor and scar tissue can be challenging, as the tumor margin may be difficult to identify. Somatostatin 
receptor (SSTR-2) is expressed by meningioma and can be used for visualization of the tumor extent in PET and 
SPECT imaging.  Gamma probe, a hand-held device for detection of radionuclides is routinely used in other 
surgical specialties to identify target lesions. In this feasibility study, we examined the utility of intraoperative 
application of gamma probe to detect the remaining radioactivity after SSTR-2-specific tracer scintigraphy. 

Methods 

99mTc-EDDA/HYNIC-TOC (Tectrotyd) was used to visualize intraosseous extent of meningioma in 4 cases, as part 
of routine preoperative SPECT imaging. The patients underwent tumor resection the next day. In 3 cases, a 
laparoscopic 45° gamma probe, and in 1 case, a short flexible 0° gamma probe (both Crystal Photonics, 
Germany) were used to measure the tracer radioactivity on the tumor surface, inside the tumor, on the dural tail 
as well in the intraosseous tumor extension. 

Results 

We performed a resection of frontobasal, petroclival, cerebellar and relapsed sphenoorbital meningioma using 
gamma probe in addition to navigation system as a resection guide. Gamma probe could readily identify the 
tumor margin and infiltration of bone in all 4 cases. The surgeon has found the 45° gamma probe a useful tool 
for the determination of tumor margin in frontobasal, sphenoorbital and cerebellar tumors. The probe was 
however too large for the use in case of deep-seated petroclival meningioma.  A false-positive signal was 
registered next to the pituitary gland due to the presence of somatostatin receptors. 

Conclusion 

The use of gamma probe may be a valuable tool to guide and verify the resection of intracranial meningioma. 
Caution should be taken adjacent to the pituitary gland due to naturally occurring somatostatin receptors. 
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Verwendung von 5-ALA für die fluoreszenzgestützten Resektion von neu Diagnostizierten und rezidivierten 
Meningeomen – die NXDC-MEN-301 Studie 
5-ALA for fluorescence-guided resections of newly diagnosed or recurrent meningiomas – the NXDC-MEN-301 
study 
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Objective 

5-aminolevulinic acid (5-ALA; Gliolan®) is approved for fluorescence-guided resections of suspected malignant 
gliomas. Past experience has demonstrated that meningiomas also show fluorescence, which may be a useful 
surgical adjunct. We present the design of a multi-center, prospective study to determine clinical safety and 
benefit of fluorescence-guided resections of meningiomas. 

Methods 

All patients with suspected, meningioma (all grades) receive Gleolan 20mg/kg 2-4 hours prior to surgery 
performed supported by fluorescence excitation from a blue light source (Blue400, FL400).  Surgeons are asked 
whether residual tumor can be observed to fluoresce under blue light after the tumor is no longer recognizable 
using conventional illumination at the end of surgery. Endpoints include defining the percentage of the patients 
with additional residual tumor, the diagnostic accuracy of fluorescence after maximal resection under white light 
versus correlative histology, and to assess potential improvements in tumor detection and decision making 
versus correlative histology. Thus, this study not only investigates how often surgeons discover unexpected 
fluorescent residual tumor, but also when fluorescence in indeterminate tissue might influence decision making. 
All surgical videos are reviewed by an independent review committee blinded to surgeons" assessment of tissue 
type and fluorescence status. Clinical chemistry, hematology, protocol adherence and procedural safety are 
evaluated over a 6-week post-surgery time period.  Data will be included from approximately 100 study 
participants completing the study at approximately 15 centers in the United States, Germany and Austria. 

Results 

As of January 2022, 55 patients have completed the study.  No adverse safety signal has been detected. 

Conclusion 

Preliminary data from 55 meningioma patients indicate Giolan can be used safely for fluorescence-guided 
resection of meningiomas and confirms feasibility of our study design. Accrual is targeted for completion in the 
middle of 2022.  
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Risikobewertung für das Auftreten von Krampfanfällen in der Meningeom-Mikrochirurgie 
Risk assessment for the occurrence of seisures in meningioma microsurgery 
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Objective 

Objective Seizure is a common symptom of meningioma that has a major impact on patients` quality of life. The 
purpose of this study is to identify pre- and postoperative risk factors for the occurrence of seizures and to 
evaluate the risk assessment with a modified STAMPE2 score. 

Methods 

Methods The data of patients with resection of histologically confirmed meningioma at the University Hospital 
Leipzig from 2009 to 2018 were retrospectively examined. Univariant and multivariant analysis of a modified 
STAMPE2 score and factors influencing seizure outcome was performed. 

Results 

Results Of 396 patients analyzed, preoperative seizures occurred in 63 patients (15.9%) and postoperative 
seizures in 43 patients (10.9%). After neurosurgery, 12 of the 63 patients (19%) with preoperative seizures 
continued to have them, while 31 of 333 patients (9.3%) suffered from de-novo seizures. Independent risk factor 
for the occurrence of preoperative and postoperative seizures were the therapeutic use of antiepileptic drugs 
before surgery (OR 0.011 [95% CI: 0.003-0.040], p <0.001) and after surgery (OR 0.120 [95% CI: 0.025-0.568], p = 
0.008). The STAMPE2 score (p = 0.797) showed no correlation with the occurrence of postoperative seizures. 

Conclusion 

Conclusion High-risk patients, especially for post-operative seizures, could benefit from prophylactic antiepileptic 
treatment. Therefore, further scoring systems for risk classification and thus guided anticonvulsant treatment 
should be developed and evaluated. 
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Korrelation von niedrigen CD44v4- und CD44v10-Genexpressionsleveln mit einer frühen Tumorprogression 
Correlation of low CD44v4 and CD44v10 gene expression levels with early tumour progression 
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Objective 

CD44, a transmembrane glycoprotein and commonly used tumor stem cell marker, controls a variety of 
processes, making the identification of CSCs very difficult. This is because alternative splicing has demonstrated 
10 variable forms of CD44 (CD44v1-v10) in addition to the stable form CD44s, each with distinct properties in 
tumor biology. The aim of this study was to investigate the expression of the different CD44 isoforms in human 
meningiomas and to assign possible specific cell properties by correlation with clinical data. 

Methods 

RNA was isolated from samples of individual meningioma patients (n=80) and analyzed by quantitative 
polymerase chain reaction (qPCR) for the expression of the different CD44 isoforms.  Correlation of expression 
data with clinical data was analyzed with respect to progression-free survival (PFS) at a monitoring interval of 2 
years (n=68). For this purpose, ROC analysis followed by Kaplan-Meier survival analysis was performed. 

Results 

All CD44 isoforms except CD44v1 and CD44v2 were detected in the majority of human meningioma samples. 
However, only for CD44s and CD44v3 higher relative expression levels were detected in meningiomas compared 
to control tissue (dura mater). Subgroup analyses between malignancy grades, however, showed that the mean 
relative expression levels for CD44 variants v4, v5, v7, v8, and v9 and v10 had significant differences between 
WHO grade I or II and control tissue. 

Subsequent Kaplan-Meier analysis for PFS showed that high expression levels of v4 and v10 isoforms were 
associated with better outcome, particularly in male patients. 

Conclusion 

These analyses provide preliminary evidence for the possible involvement of the individual CD44 isoforms in the 
progression of human meningiomas. In addition, there is evidence that the v4 and v10 isoforms play a protective 
role in tumor progression. 

Expression of specific CD44 isoforms appears to influence tumor growth in meningiomas, making them a 
potential target for therapeutic approaches in the treatment of meningiomas. 
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Wie das läsionierte Gehirn das Selbst wahrnimmt- self-referentielle Prozessverarbeitung bei Gliompatienten 
How the lesioned brain perceives the self- self-referential processing in glioma patients 
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Objective 

While cognitive dysfunction is commonly observed in brain tumor patients, metacognitive abilities as such as 
self-referential processing have as yet only scarcely been investigated. It is however unclear, to what extent and 
depending on which anatomical structures the tumor lesioned brain is able to sustain an adequate sense of self. 
We investigated self-referential processing in glioma patients compared to healthy controls under consideration 
of tumor localization. 

Methods 

Self-referential processing was investigated preoperatively in 19 glioma patients (mean 44.2 yrs) and 19 matched 
healthy controls (mean 48.4 yrs), using a trait-judgement (TJ) and a trait recall (TR) task, as well as standardized 
neuropsychological testing. In the TJ task, subjects had to ascribe 50 adjectives as either self- or non-self-
describing. The percentage of chosen positive and negative adjectives served as dependent variables, in order to 
assess the so-called Self-Serving-Effect (SSE), denominating a normally observed bias for positive traits. In the TR 
task, subjects had to recall as many of the presented adjectives as possible. The dependent variables to assess 
the Mnemic-Neglect-Effect (MNE, terming the memory advantage for positive traits) were the percentage of 
recalled positive and negative self- and non-self-describing traits. 

Results 

Tumor location varied, but with sparing of cortical midline structures in our cohort. Overall, patients performed 
worse compared to controls in all cognitive domains, especially with regard to verbal recall (p<.01). However, 
although patients showed longer reaction times (RT) in the TJ task, a significant effect for valence (ascribing 
positive traits faster than negative traits to oneself) was preserved in patients, as well as no between-group 
differences were found with regard to the SSE, i.e. all subject ascribed more positive than negative traits to 
themselves. Accordingly, no significant between-group difference was found with regard to the MNE, showing a 
memory advantage for positive as compared to negative self-ascribed traits, although patients recalled overall 
significantly fewer adjectives than controls, complying with  the observed deficits in verbal recall. 

Conclusion 

Despite relevant cognitive impairment, glioma patients in our study showed preserved metacognitive abilities 
regarding self-referential processing. Our results seem to comply with current theories of self-referential 
processing converging neuroanatomically onto cortical midline structures.  
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Auswirkung der therapeutischen Antikoagulation auf das morphologische MR-Rezidivmuster im Glioblastom eine 
Matched-Pair-Analyse 
Therapeutic anticoagulation impacts MR morphologic recurrence patterns in glioblastoma – a matched-pair 
analysis 
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Objective 

Glioblastoma (GBM) patients are at particularly high risk for thrombotic complications. In the event of a 
postoperative pulmonary embolism, therapeutic anticoagulation (tAC) is indispensable. The impact of 
therapeutic anticoagulation on recurrence pattern in GBM is unknown to date. 

Methods 

We conducted a matched-pair cohort analysis of 57 GBM patients with or without therapeutic anticoagulation 
that were matched for age, sex, gross total resection and MGMT methylation status in a ratio of 1:2. Patients 
characteristic and clinical course were evaluated using medical charts. MRI characteristics were evaluated by 
two independent authors blinded to the AC status. 

Results 

The morphologic MRI appearance in first GBM recurrence showed a significant higher presence of multifocal, 
midline crossing and sharp demarcated GBM recurrence patterns in patients with therapeutic anticoagulation 
compared to the matched control group. Although statistically non-significant, the therapeutic anticoagulation 
cohort showed increased survival. 

Conclusion 

Therapeutic anticoagulation induces significant morphologic changes in GBM recurrences. The underlying 
pathophysiology is discussed in this article but remains to be further elucidated.  
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Beeinflusst die Distanz zwischen Wohnort und neuroonkologischem Zentrum das Gesamtüberleben von 
Patienten mit Glioblastomen 
Is the distance between patient's residency and the speciality clinic a predictor for overall survival of Glioblastoma 
patients? 
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Objective 

Glioblastomas are the most malignant astrocytoma with a significantly limited prognosis. Numerous prognostic 
markers, such as IDH mutation, MGMT promoter hypermethylation, general condition, and the form of 
operative and adjuvant therapy, were identified. There are also numerous additional factors that presumably 
influence the prognosis, but their significance has not yet been investigated in controlled studies. 

It is well-known from several neurosurgical emergencies that the distance between the place of residence and 
the tertiary care centre influences the prognosis. The aim of the present epidemiological pilot series was to 
investigate whether the distance between the place of residence and the neuro-oncological centre influences 
the overall survival. 

Methods 

The data for this analysis were obtained from the local cancer registry. Inclusion criteria were (1) inclusion in the 
local cancer registry, (2) diagnosis of glioblastoma, (3) initial diagnosis between 01/2007 and 12/2017. The 
distance between clinic and residency as a straight line, travel by car and the time required were determined 
using google maps. Overall survival is calculated from the date of diagnosis and the death dates from the registry 
offices. Data were collected and analysed using the Prism 9 programme (GraphPad Prism). 

Results 

232 fulfilled the inclusion criteria and suffered from glioblastoma. 100 patients were female, 132 males. Median 
age was 62 years (22 – 81 years). 194 patients were treated by tumour resection, 33 were diagnosed by 
stereotactic biopsy and 5 patients no kind of surgery. All except 7 patients were treated by radiation therapy 
(median radiation dose 60 Gy, 10-66 Gy) and all patients received temozolomide chemotherapy as first-line 
chemotherapy. The overall survival in this historic cohort was 11 month (0–101 month). 

The median distance between the neurooncological department and patient´s residency as a straight line was 
23.4 km (0,5 – 346 km), the median distance required for traveling by car was 35.7 km (1.2 – 494 km) and the 
median time required for the distance between patient´s home and the clinic was 32 min (3 – 305 min). None of 
the distance parameter correlated with the overall survival in the linear regression analysis (each p > 0.8). 

Conclusion 

In contrast to other neurosurgical emergencies, distance between patient´s home and the speciality clinic is not 
a predictor for overall survival. 
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The mechanical response of gliomas and peritumoral white matter under mechanical preconditioning 
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Objective 

Glioma mechanics play a key role in the progression and invasion of gliomas. The present study investigated the 
influence of mechanical preconditioning on glioma and peritumoral white matter elasticity. 

Methods 

Fourteen patients with a hemispheric diffuse glioma participated in the study. Fresh tissue specimens were 
acquired during craniotomy from the resected gliomas and the adjacent white matter. The specimens, after 
being sliced with an appropriate vibratome, underwent repetitive deformation using atomic force microscope 
(AFM) nanoindentation for the determination of the elastic modulus. The impact of mechanical preconditioning 
on glioma and peritumoral white matter elasticity was estimated with linear mixed-effects models. 

Results 

Both the glioma and the white matter tissue initially presented stiffening and subsequently showed softening. 
The elastic modulus of the white matter returned to its initial condition, whereas in the glioma tissue the 
stiffening was reversed only in part. 

Conclusion 

The two type of tissue examined show differences in their mechanical behavior, worthy of further investigation. 
Further nanoindentation studies on glioma mechanics should take into consideration the impact of 
preconditioning on measurement accuracy. 
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Objective 

After surgical cytoreduction and standard radiochemotherapy of glioblastoma, approved maintenance therapies 
are lacking. In line with the infiltrative biology of this tumor type, most recurrences are seen around the 
resection cavity. Adjuvant radio-immunotherapy (RIT) with Lu-177 labeled 6A10-Fab fragments, targeting tumor-
associated carbonicanhydrase XII (CA12), applied into the resection cavity, offers a promising strategy to address 
this hibernating tumor burden. We report on the first in human application. 

Methods 

A 41-year-old patient had undergone microsurgical resection for an IDH-1-mutated glioblastoma. After 
completion of standard radiochemotherapy the patient showed stable disease with minimal FET-uptake and 
contrast enhancement on follow-up FET-PET/MRI, i.e. no visible residual tumor. Based on an interdisciplinary 
tumor board decision fractionated intracavitary radioimmunotherapy with Lu-177 labeled 6A10 Fab fragments 
was offered as compassionate use. After implantation of an injection reservoir into the tumor cavity, three 
consecutive doses of Lu-177 labeled 6A10 Fab fragments were administered over three months, corresponding 
to 25% - 50% - 25% of a total activity of 592 MBq. Injected dose was adapted according to the size of the 
resection cavity. A dosimetry protocol was performed with planar whole-body scintigraphy and SPECT/CT of the 
abdomen,approx.. 2h, 24h, 48h, 72h and 7-10 days after injection. 

Results 

No toxicity according to CTCAE version 6.0 or other adverse events were observed. Dosimetry did not reveal 
absorbed doses above the upper dose limit for organs at risk. For the kidneys, the estimated absorbed dose was 
approximately 3.7 mGy/MBq and for the hematopoietic bone marrow 0.04 mGy/MBq. The tumor remains stable 
at 6 months after RIT and 20 months after initial diagnosis. 

Conclusion 

Intracavitary radioimmunotherapy with Lu-177 labeled 6A10-Fab fragments appears to be a safe maintenance 
therapy for glioblastoma patients, albeit only assessed in a single patient so far. A multicenter confirmatory 
phase-I-trial will be initiated soon to determine the maximum tolerated dose and safety of adjuvant radio-
immunotherapy with Lu-177 labeled 6A10-Fab fragments. 
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In einer Analyse von prädiktiven Faktoren für das Overall Survival von Glioblastomen ist die MGMT Methylierung 
nur bei jüngeren Patient:innen relevant 
An assessment of predictive factors for overall survival in glioblastoma – MGMT methylation is solely important 
for younger patients 

T. Cosar1, A. Krigers1, J. Kerschbaumer1, M. Demetz1, D. Pinggera1, C. F. Freyschlag1, C. Thomé1 
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Objective 

Diverse groups of factors – neuropathological characters, tumor position and epidemiological data – have been 
proposed for outcome evaluation of glioblastoma (GBM). We compared clinical signs, neuropathological 
features and the locus of the tumor with the follow-up data. 

Methods 

All adult patients with firstly diagnosed and histologically proven GBM (according to WHO 2016), which were 
operated in our center between January 2010 and June 2021 were retrospectively assessed. Epidemiological, 
clinical and neuro-pathological characteristics were acquired from our institutional neurooncological database. 

Results 

A total of 399 patients could be evaluated. The mean follow-up was 13.9 months (CI95 12.2-15.6), within 266 
(67%) patients were deceased. Estimated mean OS for entire cohort was 24.2 months (CI95 19.8-28.7). 

Age, MGMT promoter methylation, brainstem localization or if a patient received biopsy only showed significant 
impact on OS. Each year of life accounted for 3.4% additional hazard to decease (HR=1.034, CI95 1.020-1.048, 
p<0.001). If patients were younger than 65 years, mean OS was 34 months (CI95 26.5-41.8) compared to older 
than 65 years patients with a mean OS of 14.3 months (CI95 10.5-18.1, p<0.001). Generally, an unmethylated 
MGMT promoter status was linked to 75% higher hazards to decease (HR 1.75, CI95 1.27-2.40, p=0.027). If 
MGMT promoter status was methylated, mean OS was 25.7 months (CI95 19.9-31.5) or more compared to 
unmethylated with 14.5 months (CI95 12.0-16.9, p=0.01). Presence of MGMT promoter methylation showed 
influence on OS only in the younger cohort (<65y, mean OS 38.7 months [CI95 28.9-48.6]; HR 2.60 [CI95 1.55-
4.37], p<0.001) as opposed to unmethylated MGMT (mean OS 17.7 months [CI95 14.1-21.2], p<0.001). In the 
older cohort (>65y) presence of methylated MGMT promoter showed no significant difference (p=0.364). For 
patients who received only biopsy, 2.4 times more hazards for worse OS were revealed (HR 3.36, CI95% 2.30-
4.90, p<0.001). In these cases, mean OS was 7.1 months (CI95 5.3-8.8). 

Other factors, including gender or preoperative seizures, as well as EGFR, p53, IDH1, ATRX and TERT status did 
not show impact on OS in our series. 

Conclusion 

In our cohort, MGMT promoter methylation showed an impact on OS only in younger patients <65 years of age. 
Biopsy of GBM should only be considered very selected patients when resection is not possible. 
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Kann eine MGMT-Methylierung den Nachteil einer subtotalen Resektion beim IDH-Wildtyp-Glioblastom 
ausgleichen? 
Does positive MGMT methylation outbalance the limitation of subtotal resection in glioblastoma IDH-wildtype 
patients? 

M. Müller1, F. Staub-Bartelt1, J. Ehrmann1, D. Hänggi1, M. Sabel1, J. Felsberg2, M. Rapp1 

1Universitätsklinikum Düsseldorf, Klinik für Neurochirurgie, Düsseldorf, Deutschland 
2Universitätsklinikum Düsseldorf, Institut für Neuropathologie, Düsseldorf, Deutschland 

Objective 

The impact on survival of complete resection (CR) in patients with malignant glioma and MGMT promoter 
methylation on adjuvant therapy strategies has been proven in the past. However, it is not known whether a 
MGMT promoter methylation can compensate a subtotal resection. Therefore, we analyzed the progress of 
postoperative residual tumor tissue depending on the molecular tumor status. 

Methods 

We included all glioblastoma, IDH-wildtype (WHO grade IV) patients with postoperative residual tumor tissue, 
who were treated at our neurooncological department between 2010-2018. A correlation of molecular patterns 
with clinical data and survival times was performed. The results were compared to patients following CR. 

Results 

267 patients with glioblastoma, IDH-wildtype (WHO grade IV) received surgery of whom 81 patients with 
residual tumor were included in the analysis. MGMT promoter was methylated in 31 patients (38.27%). Median 
OS and PFS were significantly increased in patients with methylated MGMT promoter (mOS: 16 M vs. 13 M, 
p=0.009; mPFS: 13 M vs. 5 M, p=0.003). In comparison to survival of patients following CR, OS was decreased in 
patients with residual tumor regardless MGMT methylation. 

Conclusion 

Our data confirm impact of MGMT promoter methylation in patients with glioblastoma, IDH-wildtype on OS and 
PFS. However, in comparison to patients after CR, a methylated MGMT promoter cannot compensate the 
disadvantage due to residual tumor volume. In terms of personalized medicine and quality of life as major goal in 
oncology, neuro-oncologists have to thoroughly discuss advantages and disadvantages of residual tumor volume 
versus possible neurological deficits in CR. 
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Longitudinale, multimodale, multizentrische Erfassung von ZNS-Änderungen assoziiert mit der Resektion von 
Low-grade Gliomen: eine Machbarkeitsstudie 
Longitudinal, multimodal, multicentre analysis of CNS-changes associated with resection of low-grade glioma – a 
feasibility study 

M. Müller1, M. Kocher2,3, O. Radtke4, S. Elben5, D. Hänggi1, M. Sabel1, M. Rapp1 
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Objective 

Low-grade gliomas (LGG) typically develop in younger patients at ages of 30 to 40 years and are frequently 
associated with cognitive deficits present already at the initial state of disease. Early maximal resection is 
considered the gold standard therapy, but there is lack of knowledge on how resection interferes with cognition 
and how cognitive deficits depend on tumor type, tumor sub-/cortical location and affection of functional neural 
networks. Therefore, we assessed the possible changes in brain function caused by resection of LGG by multiple 
methods. 

Methods 

In this multi-center prospective analysis, we included patients in whom LGG was suspected from MRI and who 
received maximal tumor resection. Patients underwent neurocognitive testing pre- and shortly postoperatively. 
In addition, they received a preoperative 18F-FET-PET scan, as well as pre- and postoperative resting state 
functional MRI (rs-fMRI) and diffusion-weighted MRI (DWI). Depending on the final diagnosis, further adjuvant 
treatment was initiated postoperatively. Follow-up exams are planned including cognitive testing and standard 
MRI every 6 months, as well as 18F-FET-PET, DWI and rs-fMRI every 12 months. 

Results 

In this feasibility phase, we included 10 consecutive patients who underwent resection in our neurosurgery 
department. Compared to preoperative screening, mild cognitive impairment was slightly more frequent after 
resection (t-sample test, p=0.039). One patient's cognitive scores improved postoperatively, and one patient 
achieved full scores in both assessments. In the preoperative resting-state MRI scans, the main structure of the 
principle resting-state networks was preserved. Postoperatively, the intra-network connectivity of the somato-
motor and ventral attentional networks was significantly reduced (p=0.028, p=0.007, Wilcoxon matched pairs 
test). 

Conclusion 

The presented data confirm the feasibility of the planned study design. We could demonstrate alterations in 
both cognitive functioning and resting-state fMRI in patients pre- and postoperatively. The results emphasize the 
importance of neurocognitive assessment in LGG patients, and give a first insight in possible effects of surgery on 
functional networks of the brain. However, more knowledge of the specific anatomical functions of these 
networks and the consequences of their affection by therapy and tumor progression is clearly needed. Follow-up 
data is pending, and we are planning to examine a bigger cohort focusing especially on these issues. 
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Metastasenmarker als potenzielle Ziele für die Behandlung von Glioblastomen 
Metastatic markers as potential targets for the treatment of glioblastoma 

M. Vogel1, B. Söhl1, P. Baumgarten1, C. A. Senft1, F. Schwarz1, D. Freitag1 

1Universitätsklinikum Jena, Klinik und Poliklinik für Neurochirurgie, Jena, Deutschland 

Objective 

Metastasis from solid tumors is often associated with the expression of specific molecules such as S100A4, 
MACC1, CD44, and E- and N-cadherin. In particular, S100A4, a transmembrane protein, appears to be a key 
molecule in the development of distant metastases. This, as well as E- and N-cadherin, MACC1, is involved in 
intracellular processes such as epithelial-mesenchymal transition (EMT). We investigated to what extent these 
factors play a role in intracerebral metastases compared to brain-derived tumors. 

Methods 

RNA was isolated from samples of patients with intracerebral metastases from pulmonary carcinoma (n=32), 
colon carcinoma (n=7), rectal carcinoma (n=14), renal cell carcinoma (n=5), and intracerebral melanoma (n=11). 
In addition, 22 samples from glioblastoma (GBM) patients were processed. Quantitative polymerase chain 
reaction (qPCR) was performed to determine the expression of the genes S100A4, MACC1,  CDH1 as well as 
CDH2. The analysis was performed using the efficiency-based delta delta Ct method according to Pfaffl and 
subsequent statistical analysis (Mann-Whitney U test). 

Results 

All investigated genes were strongly expressed in all study groups. Comparative analysis revealed significantly 
higher expression levels in intracerebral metastases compared to glioblastomas. Thereby, the highest S100A4 
expressions were found in the samples of renal cell carcinoma metastases (R=18.8; p=0.001) and bronchial 
carcinoma metastases (R=6.3; p=0.001) compared to GBM. The highest MACC1 expressions were found in 
colorectal carcinoma metastases (R=6.6; p=0.006) and renal cell carcinoma metastases (R=30.8; p=0.000). But, 
similar expressions in comparison to GBM showed melanoma metastases (R=1.4) and bronchial carcinoma 
metastases (R=1.5) for MACC1. Additionally, significantly higher relative expressions were detected for CDH1 and 
significantly lower relative expressions were detected for CDH2 in the intracerebral metastases compared to the 
brain-derived tumors. 

Conclusion 

S100A4, which is thought to play a key role in the formation of distant metastases, and MACC1 were more 
strongly expressed in most of the metastatic types studied. However, strong absolute expression was also 
detected for gliolastomas. MACC1 in particular features prominently due to similarities in expression levels 
between gliobastomas and intracerebral metastases. Thus, S100A4 and/or MACC1 could represent a potential 
therapeutic target. 
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Resektion von überwiegend FLAIR-Hyperintensen intrakraniellen Gliomen mit geringgradiger 
Kontrastmittelaffinität Evaluation von Tumorentitäten, Resektionsausmaß und Outcome in einer konsekutiven 
Singe-Center Kohorte 
Resection of predominantly FLAIR-Hyperintense intracranial gliomas with minor contrast-enhancement – 
evaluation of tumour entities, extent of resection and outcome in a consecutive single-centre cohort 

E. Kovacs1, H. P. Dao Trong1, C. Jungk1, M. Scherer1, A. W. Unterberg1 

1Universitätsklinikum Heidelberg, Neurochirurgische Klinik, Heidelberg, Deutschland 

Objective 

Nowadays, the extent of resection (EOR) is an established prognosticator in treatment of intracranial gliomas 
and greater EOR has repeatedly been shown to correlate with improved survival. The aim of this study was to 
evaluate the role of EOR on survival in subgroups classified by MRI-characteristics and we sought to take a closer 
look at resection of different tumor portions and their respective impact on survival. 

Methods 

We screened a consecutive retrospective series of intracranial gliomas (n=529) from 1/2011 to 12/2018 for 
primary resections performed under intraoperative (i)MRI guidance that exhibited predominantly FLAIR 
hyperintense (nCE) tumor portions in combination with minor contrast enhancing (CE) tumor (max. 50% of total 
tumor volume). EOR was assessed semi-quantitatively on T1w and FLAIR pre- and postoperatively. Outcome was 
evaluated including clinical parameters and molecular histopathology. Progression-free survival was evaluated 
by Kaplan-Maier estimates. 

Results 

The final cohort (n=170) consisted of 101 male and 69 female patients with a median age of 52 years (range 21-
86). Integrated histology showed 35 anaplastic astrocytomas, 22 anaplastic oligodendromas and 113 
glioblastomas. Complete resection (CR) of both tumor portions (CE+nCE) was achieved in 101 patients (59%). 57 
patients (34%) underwent CR of CE portions with partial resection (PR) of the nCE portions. 12 patients (7%) 
underwent PR with residual CE and nCE tumor. Postoperatively, 32 patients (16%) showed an initial neurological 
deterioration (24 patients with speech disorder and 8 with motoric deficit). 6 patients (3%) had mild residual und 
4 patients (2%) severe persistent neurologic deficits. Overall Karnofsky-Performance-Index was unchanged pre- 
vs. postoperatively (90% (range 40-100 %) vs. 90% (range:20-100%), p=0.52. Kaplan-Maier estimates suggested 
an increased PFS associated with removal of CE or nCE portions of tumor. PFS was 53.1m for CR of CE and nCE 
tumor, 43m for CR of CE and PR of nCE tumor and 22m for PR with residual CE and nCE tumor, respectively. 
However, these estimates failed to reach statistical significance. Median follow-up was 52 (2-114) months. 

Conclusion 

Our results suggest an impact on PFS associated with the removal of different tumor portions ingliomas 
exhibiting nCE with minor CE aspects. Volumetric quantification of tumor compartments is underway to further 
evaluate the interplay between EOR for each compartment and histology and their respective impact on 
outcome. 
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Verstärkung der 5-Aminolävulinsäure-induzierten Photodynamischen Therapie 
Augmented 5-aminolevulinic acid derived photodynamic therapy 
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1Universitätsklinikum Münster, Klinik für Neurochirurgie, Münster, Deutschland 

Objective 

The 5-aminolevulinic acid  (5-ALA) induced elevation concentration of protoporphyrin IX (PPIX) in glioma cells 
makes photodynamic therapy (PDT) of these tumor cells feasible. Previous experiments showed that additional 
administration of Ko-143, an ABCG2 inhibitor, may lead to a further elevation of the PPIX concentration in these 
cells. The aim of this study was to investigate whether adding Ko-143 may influence effect of PDT. 

Methods 

To evaluate this U87 Glioma cell lines were incubated with 5-ALA (100 µg/ml) and with 5-ALA and Ko-143 (1µM). 
Cells were irradiated with a laser for 1 hour, with an intensity of 0.1 and 0.2 Watt. WST-1 viability test was 
performed 24 hours after Laser irradiation to assess cell viability. Control groups included cell lines incubated 
without 5-ALA, incubated only with Ko-143, or not irradiated with laser. 

Results 

Cell viability after PDT of cells incubated with 5-ALA was significantly lower than the control groups (P<0.05). 
Additional incubation with Ko-143 lead to a significant enhanced efficacy of DPT on cell viability in comparison 
with 5-ALA alone (P<0.05). Incubation with Ko-143 alone did not have any effect. 

Conclusion 

Adding Ko-143 to 5-ALA leads to higher effect of PDT, with significantly higher rate of cell death. Further 
experiments with other cell lines, and viability essays should be performed in order to further evaluate these 
results. 
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Zentrales Neurozytom: 30-Tage Morbidität postoperativ bei einer Serie von 30 Patienten 
Central neurocytoma – 30-day postoperative morbidity in a series of 30 patients 

O. Atallah1, S. Al-Afif1, A. Samii2, M. Samii2, I. E. Sandalcioglu3, B. Neyazi3, J. K. Krauss1 
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Objective 

Neurocytomas are rare tumors. Due to their location they present a challenge for surgical treatment. We here 
investigated the 30-day morbidity after resection of central neurocytomas. 

Methods 

Analysis of demographic and clinical data of a series of 30 patients who had surgery over a 20-year period. The 
primary outcome determinant was the occurrence of complications within 30 days postoperatively. 

Results 

Eighteen patients were male (60%), 12 (40 %) were female. Mean age at surgery was 32 years (range, 12 to 84 
years). A transcortical approach was chosen in 19 instances. Twenty patients had preoperative hydrocephalus 
and/or symptoms of increased intracranial pressure (66%). There were no intraoperative complications. An EVD 
was placed perioperatively in 8 patients (26.6%). Early postoperative complications occurred in 5 patients and 
included: ventricular hemorrhage (n=2), subdural hygroma (n=1) and neurologic deterioration (n=2). 

Conclusion 

The 30-day morbidity in patients with central neurocytomas is acceptable when surgery is performed in 
experienced hands. Management of CSF disorders in the acute phase is crucial. 
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Dorsale Zervikale Stabilisierung in geriatrischen Patienten: Erfahrung eines Level 1 Zentrums für 
Wirbelsäulenchirurgie 
Dorsal instrumentation of cervical spine in geriatric patients does not impact patient safety: experience at a level 
1 center for spinal surgery – a single centre cohort study 
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Objective 

Dorsal instrumentation of the cervical spine is an established treatment in spinal surgery, but careful planning is 
required, particularly in the case of older patients. This study evaluates early clinical outcomes in geriatric 
patients undergoing complex spinal surgery. 

Methods 

In this retrospective, single-center cohort study, we included all geriatric patients (aged ≥65 years) who 
underwent dorsal instrumentation between January 2013 and December 2020. We analyzed postoperative 
complications and the 30 days in-hospital mortality rate. Furthermore, the Charlson comorbidity index (CCI) and 
Clavien-Dindo grading system (CDG) were used to assess the patients' comorbidity burden. 

Results 

In total, 153 patients were identified and included. The mean age of patients was 78 years (SD±7). Traumatic 
injury (53.6%) was the most common reason for surgery. 60.8% of the patients underwent dorsal 
instrumentation with 3 or more levels. The most common comorbidities were arterial hypertension (64%), 
Diabetes mellitus (22.2%), Coronary heart disease and Atrial fibrillation (19.6%). The most common adverse 
event was pneumonia (4%) and the most common surgery-related complication was wound infection (5.2%). 
Among patients categorized as high risk group for AE (CCI >5), 14.6% suffered a postoperative AE. In our 
univariate analysis, we found no risk factors for high rates of complications or mortality. 

Conclusion 

Our data demonstrate that older patients were at no significant risk of postoperative complications. The 
CCI/CDG may identify patients at higher risk for adverse events after dorsal instrumentation in the cervical spine 
surgery, and it should become an essential component of stratification in this aging patient population. 
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Genauigkeit der navigierten Implantation von dorsalen zervikalen Schraubensysteme – Vergleich von zwei 
Bildgebungssystemen 
Accuracy of image guided dorsal cervical screw placement using image guided navigation system – early results 
of retrospective multicentric study 
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Objective 

Posterior cervical instrumentation can be challenging. The goal of this retrospective study was to assess the 
accuracy of posterior cervical screw placement, with pedicle screw insertion or lateral mass screw 
instrumentation technique, using three-dimensional rotation of C-arm vs. O-arm based neuro-navigation. 

Methods 

100 patients (50 patients each from 2 different hospitals), who underwent between January 2013 and December 
2020, posterior cervical screw fixation using Siemens-Arcadis Orbic 3D C-arm with a navigation system (Brainlab, 
AG, Munich, Germany) in hospital 1 or dorsal cervical instrumentation using O-arm (Medtronic, Minneapolis, 
Minnesota, USA) with a navigation system (S7 StealthStation) in hospital 2, were included in our study. The 
accuracy of screw placement was determined using postoperative CT scans and categorized according to Neo el 
al. once pedicle screw was used and according to Bransford el al. when lateral mass screw was implanted. 

Results 

598 screws: 375 screws in the C-arm group (hospital 1) and 223 screws in the O-arm group (hospital 2), were 
studied. 22 screws (5,9%) from C-arm group, as well 12 screws (5,3%) from O-arm group, needed to be revised 
intraoperatively due to misplacement. From C-arm group: from a total of 250 pedicle screws, 220 screws (88%) 
were categorized as grade 0, 26 screws (10,4%) were categorized as grade 1, 2 screws (0,8%) were categorized 
as grade 2 and 2 screws (0,8%) were categorized as grade 3. From a total of 125 screws inserted in cervical 
lateral mass, 120 screws (96%) were categorized as grade A and 4 (3,2%) screws were categorized as grade B 
and 1 screw (0,8%) were categorized as grade C. From O-arm group: from a total of 102 pedicle screws, 91 
pedicle screws (89,2%) were categorized as grade 0, 9 screws (8,8) were categorized as grade 1 and 2 screws 
(2%) were categorized as grade 3. From a total of 109 screws inserted in cervical lateral mass, 106 screws (97, 
2%) were categorized as grade A and 3 (2,8%) screws were categorized as grade B. 

Conclusion 

dorsal cervical instrumentation using 3D-arm or O-arm neuro-navigation system provides an assisting tool, which 
can assure a safe and accurate dorsal cervical screw implantation. Although O-arm dorsal cervical screw 
implantation may show higher level of accuracy, no statistical significance between both assisting tools was 
recognized. 
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Rotation und Translation: Bewegungsumfang der Facettgelenke C1/C2 – eine CT-Analyse bei Nicht-Trauma 
Patienten 
Rotation and translation: range of motion of the C1/C2 facet joints – a computed tomography (CT) analysis in 
non-trauma patients 
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Objective 

CT is widely used in initial emergency settings and represents the gold standard for the assessment of spinal 
injury. Our study aimed to analyze the extent of rotatory and translatory range of motion of the facet joints 
C1/C2 in spinal CT scans of non-trauma patients and its" potential role in upper cervical spine trauma diagnosis. 

Methods 

Spinal CT images of emergency patients with suspected stroke were evaluated according to a standardized 
protocol. Primary attention was paid to the position of the C1/C2 facet joints with particular reference to 
segmental rotation and translation. 

Results 

CT scans of 352 patients (period 2020-2021) were included. The facet joints C1/C2 showed large morphological 
variability. Opposite protrusion of respective joint sections in ventral or dorsal direction, caused by rotation of C1 
against C2, was found in n=260 cases (range 1-8mm, mean 3.1mm±1.5mm). Corresponding opposite protrusion 
consecutively increased with increasing rotation (angle). Translational bilateral, concordant joint protrusions 
were found in n=81 cases, whereas the mean extent of protrusion in these cases was smaller (Range 1-8mm, 
Mean 2.9mm±1.4mm; no rotation and no translation n=11). Applying the physiological range of the atlanto-
dental distance (3mm) according to la Caffiniere, only one patient was found in our collective with bilateral, 
concordant joint protrusion of >3mm. 

Conclusion 

A bilateral and concordant translation of the facet joints C1/C2, exceeding a physiological range of motion, is a 
rare event in the non-traumatic patient population. Thus, the division of the facet joints C1/C2 may be of help in 
the assessment of atlanto-axial instability, especially in odontoid fractures. 
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Wie steht es um die Facettglenke? Besonderheiten der atlanto-axialen Stabilität bei Verletzungen der oberen 
Halswirbelsäule unter Berücksichtigung von Facettgelenkfrakturen C1/C2 
What about the joints? Peculiarities of atlanto-axial stability in upper cervical spine trauma with special focus on 
facet joint fractures C1/C2 
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Objective 

Fractures of the facet joints C1/C2 are frequently found in cervical spine trauma. The purpose of this study was 
to clarify the significance of fractured facet joints for the assessment of segmental stability. 

Methods 

Spinal CT images of 342 patients between 2004 and 2020 with proven injury to the upper cervical spine were 
retrospectively analyzed. The focus was on specific injury pattern of the segment-forming bony structures C1 
and C2 and on signs of segmental instability (enlarged atlanto-dental distance, dislocated odontoid fragment) of 
patients with and without facet joint fractures C1/C2. 

Results 

122 patients presented with fractures of the facet joints C1/C2. Facet C2 was mainly affected (n=102; C1 n=18, 
combined n=2; unilateral n=73, bilateral n=49). The frequency of concomitant fractures (C1 arch and C2 
odontoid) did not differ between patients with and without facet joint fractures C1/C2 (C1 22 vs. 35%, C2 
odontoid 68 vs. 72%). In contrast, the ratio of type II and type III fractures (according to Anderson D'Alonzo) 
within both subgroups significantly differed (type III fracture 60 vs. 10%, chi-square test p = 0.00001). In the 
same context, the distribution of a dislocated odontoid fragment was significantly different (42 vs. 71%, chi-
square test p = 0.00002). However, the frequency of an enlarged atlanto-dental distance in both groups was 
comparable (according to la Caffiniere; 14 vs. 13%). 

Conclusion 

Upper cervical spine trauma pattern with and without facet joint fractures of the key segment C1/C2 clearly 
differ and fractured facet joints are not necessarily associated with (increased) segmental instability. Whether a 
different trauma mechanism underlies this phenomenon remains unclear and needs further investigation. 
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Veränderungen der sagittalen Balancenach operativer minimalinvasiver Rekonstruktion von osteoporotischen 
Wirbelkörperkompressionsfrakturen mit einem kraniokaudalen expandierbaren Implantat: 5 Jahre Erfahrung mit 
200 Patienten 
Changes in sagittal balance after minimally invasive operative reconstruction of osteoporotic vertebral body 
compression fractures with craniocaudal expandable implant: 5 years experience with 200 patients 
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Objective 

We present the surgical technique and patient data of 200 patients with 5 years follow up treated for 
osteoporotic compression fractures of the thoracic and lumbar spine. Patient data were collected prospectively. 
The aim of this study is to evaluate the restoration of sagittal balance with this technique and the clinical 
outcome for the patients. 

Methods 

In our clinic between October 2014 and October 2021, 436 patients with vertebral compression fractures 
received minimally invasive treatment with a new cranio-caudal expandable implant. 

We treated 200 patients for 220 spinal osteoporotic fractures with an age ranging from 44-82 years. OF-
Classification of osteoporotic vertebral body fracture (OF 0-5) was type OF 0 (32), OF 1 (49), OF 2 (42), OF 3 (39), 
OF 4 (50) and OF 5 (8). All implants were percutaneous transpedicular. For augmentation PMMA or a 
combination of PMMA / hydroxyapatite was used. All patients had a preop clinical examination, spine x-ray, CT 
and MRI as well as a postop clinical examination and x-ray after 1 month, 1 year, 3 Year and 3 Year. For each 
patient we measured the height of the vertebral body as well as the kyphosis angle of the fractured vertebral 
body. Restoration of the spinal profiles was assessed with spine x-ray. All included patients had a 5-year follow-
up. 

Results 

Within the 5 years follow-up period, the reduction of pain according to VA-scale was 62%. Increase of vertebral 
body height was 15% after the procedure and 10% after 5 years. The kyphosis angle was -6° prior to surgery and 
-4° 5 year later. The restoration of the sagittal balance was detectable in 89% of the cases.  Sagittal vertical axis 
(SVA): Pre-op: 6,95±5,3 cm, Post-op: 5,08±3,43 cm. Cement leak was seen in 90 Patients (45%) and incorrect 
position of the implant in 3 Cases (1,5%), in all of them without neurologic deficit. The was no reoperation in the 
same segment within 5 years. 

Conclusion 

The presented method with a craniocaudal expandable implant is efficient, safe and is providing excellent results 
after 5 years follow up. We achieved long lasting reduction of pain and pain medication in our patients. This 
technique allows a restoration and improvement of sagittal balance in most cases. 
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Eine retrospektive monozentrische Risikoanalyse für die Zementleckage bei perkutaner Augmentation, 
basierend auf Frakturklassifikation, Hounsfield-Skala und Wirbelkörperkonfiguration 
Risk of cement leakage during vertebroplasty depending onAO- and OF-Fracture classification, as well as 
Hounsfield units in perioperative computed tomography – a retrospective monocentric analysis 

A. Baumann1, G. Abuharbid1, K. Sadowy1, P. Shalchian-Tehran1, M. Nakamura1 
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Objective 

Osteoporotic vertebral fracture is a frequent incident in the growing older population. Percutaneous cement 
augmentation is an established procedure reducing pain in the acute phase. There is varying evidence regarding 
the frequency of cement leakage (20 to 70%). The revision and simplification of the AO-fracture classification in 
2013 and the available OF-classification could give an opportunity for a standardized approach to fractures safely 
suitable for cement augmentation. We wanted to stratify the risk of cement leakage by these scores and 
Hounsfield units in computed tomography scans of the spine (HU). 

Methods 

A retrospective analysis was conducted including 136 cases of cement augmented thoracolumbar vertebral 
bodies between January 2017 and December 2019. The patients were followed based on medical records, 
operative reports and imaging studies. The major depended variable was cement leakage. Independent variables 
have been tested univariately, as well as with logistic regression. Data analysis has been performed with SPSS 
version 21 (Armonk, NY: SPSS IBM Corp.). 

Results 

The mean age of our cohort has been 75+/-10 years. Postoperative imaging revealed a total of 70 leakages 
(51%), mainly not within the spinal canal (54/70=77%). Three patients underwemt urgent revision surgery. None 
of these patients suffered a lasting neurologic deficit.  Fracture classification has shown as following: A1 – 61, A2 
– 42, >A3 – 33. The mean HU have been 79 (+/- 45). There was significant correlation of cement leakage and a 
fracture more than A1 (p=0,045), a vertebral body collapse of more than 25% (p=0,002) and at least a tendency 
concerning HU less than 50 (p=0,086). The sole analysis of transcortical leakage in particular, other than 
intraspinal leakage revealed an even better correlation with AO classification and the vertebral body height, 
confirmed by logistic regression. 

Conclusion 

The AO fracture classification system is a possible way to stratify the risk of cement leakage during percutaneous 
cement augmentation in osteoporotic compression fracture. Nevertheless simple measuring of vertebral body 
height seams to allow an even better prediction of this common complication. Pain reduction and the low 
frequency of cement outflow within the spinal canal itself stays an argument for the safeness of the procedure. 
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Klinischer Verlauf bei Patienten mit Mukopolysaccharidose und Spinalkanalstenose mit 
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Clinical course in patients with mucopolysaccharidosis and spinal stenosis with spinal cord compression 
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Objective 

Mucopolysaccharidosis (MPS) types I, II, IV and VI is regularly associated with spinal pathologies. The symptoms 
are manifold, which sometimes prolongs the diagnostic process and delays therapy. Spinal stenosis (SS) with 
spinal cord compression (SCC) due to bone variances and accumulation of glycosaminoglycans (GAG) in the 
surrounding ligaments and dura layers is a serious complication of MPS disease. Data on optimal perioperative 
therapeutic care of SS is limited. 

Methods 

A retrospective analysis of patients with MPS and SS for the time period 01/1998 to 03/2021 was performed. 
Demographics, clinical data, neurological status, diagnostic evaluations (radiography, MRI, electrophysiology), 
and treatment modalities were extracted. A Cox regression analysis was performed to identify prognostic factors 
for neurological outcomes. 

Results 

Out of a total of 209 MPS patients, 15 had SS with SCC and met the inclusion criteria to this study. Our cohort 
was dominated by MPS I (-H) (n = 7; 46.7%). Preoperative neurological deterioration was predominantly the 
trigger for further diagnostics (n = 12; 80%). The surgical procedure of choice was dorsal instrumentation with 
microsurgical decompression (n = 14; 93.3%). A univariate Cox regression analysis unveiled MPS type I (-H) to be 
associated with favorable neurological outcomes. 

Conclusion 

Early detection of SS is highly relevant in patients with MPS. Detailed neurological assessment during follow-up is 
crucial for timeous detection of emerging neurological deterioration to enable optimal treatment. The surgical 
intervention of choice is a dorsal instrumentation with microsurgical decompression and resection of thickened 
spinal ligaments and dura layers. 
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Abtragung von Spondylophyten bei Morbus Forestier mit massiver Dysphagie 
Resection of osteophytes in diffuse idiopathic skeletal hyperostosis (DISH) causing massive dysphagia 
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1Universitätsklinikum Münster, Klinik für Neurochirurgie, Münster, Deutschland 

Objective 

Diffuse idiopathic skeletal hyperostosis (DISH) is a common condition, leading to anterior osteophytic fusion of 
vertebral bodies of the cervical spine. In rare cases, these osteophytes can cause dysphagia when they impinge 
on the pharyngoesophageal junction. The aim of this case series was to evaluate surgical treatment for DISH 
causing dysphagia. 

Methods 

We present a case series of six patients referred to our clinic for dysphagia with subsequent weight loss caused 
by osteophytes mainly at the level of C2-C3. In the absence of conservative treatment option resection of the 
osteophytes was performed through an anterolateral approach. Dysphagia was monitored pre- and 
postoperatively via fibreoptic endoscopic evaluation of swallowing (FEES) and iodine-contrast swallowing 
studies. Pre- and postoperative weight was measured as indicator for resolution of dysphagia, as well as 
subjective patient assessment graded on an ordinal scale. 

Results 

Median age was 66 years (IQR 63-76); median time between onset of symptoms to surgery was 27.5 months 
(IQR 19.7-34.5). Median weight loss was 9.25 Kg (IQR:7-16). Two (33%) of patients were even fed through gastric 
tubes prior to surgery. Median surgery time was 52 minutes (IQR: 47-88), median length of hospital stay was 5 
days (IQR: 4-5). No surgical complications occurred, patients reported improved symptoms, FEES showed 
improvement of swallowing in all cases and both gastric feeding tubes were removed. 

Conclusion 

DISH is a common disease and can cause a dysphagia in rare cases. Time between onset of symptoms and 
surgery can be very long in certain cases. Resection of the osteophytes seems to be an adequate treatment 
option. 
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Retrospektive Analyse von Patienten mit spontaner intrakranieller Hypotension nach Blutpatch-Therapie 
Retrospective analysis of patients with spontaneous intracranial hypotension after epidural blood patch 
procedure 
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Objective 

Spontaneous intracranial hypotension (SIH) is an increasingly diagnosed disorder. Conservative treatment 
measurements are followed by the epidural blood patch (EBP) procedure. EBP is considered as an established, 
safe and effective treatment. Surgery is the last treatment option. Here, we sought to evaluate the outcome of 
SIH patient, who underwent an EBP procedure. 

Methods 

We retrospectively analyzed data from 19 SIH patients, who were treated in our institution between 2012 to 
2021. Demographic characteristics, imaging findings, effectiveness of EBP and outcome data were collected. 

Results 

Our study cohort comprised 13 female (68.4%) and 6 male (31.6%) patients with a mean age of 42.1 years 
(range, 26.9 to 58.7 years). 63% of the cases (n= 12) were diagnosed with a SIH after 2019. The leading symptom 
was orthostatic headache (n= 16, 84.2%), followed by neck pain (n= 5, 26.3%) and vestibulocochlear symptoms 
(n= 5, 26.3%). 17 patients (89.5%) developed subdural hygromas/hematomas, of whom five were symptomatic 
(29.4%), prompting surgical evacuation (three surgeries after and two before EBPs). Spinal imaging identified CSF 
collection at the retrospinal region at C1-2 level in all patients. A longitudinal extradural spinal CSF collection was 
present in 15 (83.3%) cases. Cerebellar tonsillar ectopia was revealed in four patients (21.1%). A CT myelography 
was performed in four cases (21.1%). Subsequently, the site of CSF leakage was successfully traced in two 
patients (10.5%), both with leakage in a thoracic location. 8 patients (42.1%) have received a single EBP, 6 
patients (31.6%) 2 EBPs, 4 patients (21.1%) 3 EBPs and one patient (5.3%) 5 EBPs. The EBPs were performed 28 
times via the lumbar spine, 4 times at a thoracic level and in two cases suboccipitally. The administered blood 
volume varied between 10-35 ml. One patient underwent surgical closure of a longitudinal dural slit due to 
permanent, unimproved neurological symptoms despite EBPs. 8 patients demonstrated a complete remission of 
symptoms immediately after treatment and 10 patients showed a clinical improvement. 

Conclusion 

Spontaneous intracranial hypotension is a manageable disorder and clinicians should be aware of SIH correlated 
symptoms. EBP is a highly effective therapeutic procedure, if conservative treatment fails. In our series, surgery 
was required in a single case due to EBP failure. 
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Behandlung von ventralen Liquorlecks führt zu einer Verbesserung der Symptome bei Patienten mit 
Superfizieller Siderose 
Treatment of ventral spinal CSF leaks improves symptoms in patients with superficial siderosis 

B. Haupt1, C. Fung1, D. Cipriani1, L. Häni1,2, N. Lützen3, T. Dobrocky4, A. Raabe2, L. Kraus1, J. Beck1, A. El Rahal1 

1Universitätsklinikum Freiburg, Klinik für Neurochirurgie, Freiburg i. Br., Deutschland 
2Inselspital, Universitätsspital Bern, Universitätsklinik für Neurochirurgie, Bern, Schweiz 
3Universitätsklinikum Freiburg, Department of Neuroradiology, Freiburg i. Br., Deutschland 
4Inselspital, Universitätsspital Bern, Department of Neuroradiology, Bern, Schweiz 

Objective 

Spinal CSF leaks may cause a myriad of clinical symptoms, the most common being orthostatic headache. Ventral 
spinal CSF leaks are a possible aetiology of superficial siderosis (SS), a rare condition characterized by siderotic 
depositions in the CNS. It"s caused by chronic subarachnoid bleeding and classically presents with progressive 
and ataxia, hearing loss and myelopathy. 

Objective 

(1) To identify patients with ventral spinal CSF leaks presenting superficial siderosis of the CNS. 

(2) Evaluate if microsurgical treatment can prevent further clinical deterioration or even improve symptoms 
attributed to superficial siderosis. 

Methods 

Patients with spinal CSF leaks were retrospectively screened at two specialized neurosurgical centres for the 
presence of superficial siderosis of the CNS. 

Results 

In total, 12 patients with a ventral spinal CSF leak and SS were identified. The median latency between the onset 
of orthostatic headaches and symptoms attributed to SS was 9,5 years. After surgical closure of the underlying 
spinal CSF leak symptoms attributed to SS improved in 70%, and remained stable in 30%. Patients who improved 
presented within 1 year after the onset of superficial siderosis symptoms, patients who did not within 8-12 
years. 

Conclusion 

From the chronology of symptoms and the response that microsurgical closure of spinal CSF leaks did not only 
stop but even improve symptoms of superficial siderosis, we conclude that 1) long standing untreated ventral 
spinal CSF leaks lead to superficial siderosis of the CNS 2) microsurgical sealing of spinal CSF leaks can stop 
progression or improve symptoms in patients with superficial siderosis in a time dependent manner. 
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Die Rolle des Onko-Metaboliten (R-2-Hydroxyglutarat) in der Mikroumgebung des IDH-mutierten Glioblastoms 
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Objective 

Recently, we found that the reactive astrocytes in the IDH wild type glioblastoma contribute to anti-tumor 
immunity and support pro-oncogenic signaling. Here, we characterized the transcriptomic signature of IDH1/2-
mutant glioma associated astrocytes and determined a unique inflammatory transformation, profoundly 
different to astrocytes in IDH wildtype glioma patients due to an onco-metabolite R-2-hydroxyglutarate using 
Next generation sequencing and human ex-vivo slice model. 

Methods 

We purified and transcriptionally profiled astrocytes from 9 patients with confirmed IDH1-R132H mutation, by 
means of RNA-sequencing and the data were analyzed using the established pipelines. We also used spatial 
transcriptomics to evidently show the spatial distribution of astrocytes in IDH-mutated/wildtype glioma samples. 
We validated our findings using human organotypic slice model inoculated with IDH-mutant cell line or treated 
with oncometabolite 2-hydroxy glutarate. Additionally, LC-MS was further used to give us a chart of  
neurotransmitters due to altered microenvironment. 

Results 

Our results from RNA sequencing showed a transcriptional transformation of  reactive astrocytes within the 
microenvironment of IDH-mutated tumors compared to wildtype glioma by means of RNA-sequencing of 
purified astrocytes. And, using our established human neocortical GBM model inoculated with IDH mutant 
tumor and R-2HG treatment, we showed that we were able to activate inflammatory transcriptional programs in 
astrocytes, mediated by the presence of microglia. Further, by spatially mapping the transcriptomic profiles of 
purified microglia, we were able to confirm that microglia also demonstrate inflammatory activation in IDH 
mutated glioma. This inflammatory astrocyte transformation is associated with a loss of neurotransmitter 
homeostasis (disrupted levels of glutamate) in the treated sections, as has been previously reported in IDH 
mutated tumors. Additionally, R-H2G increased neuronal spiking rate in, pointing to potential excitotoxicity. 

Conclusion 

Our results may provide a crucial contribution towards understanding the role of R-2HG in the IDH mutant 
glioma microenvironment and sheds light on the significant microenvironmental differences to IDH wild-type 
glioma. 
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Objective 

Glioblastoma (GBM) is the most malignant brain tumor in adults. Despite the standard therapy including surgical 
resection and adjuvant combined radio/chemotherapy, the average survival of GBM patients is still poor. Since 
the crosstalk between residual tumor cells and the surrounding healthy brain cells is having a strong influence on 
the therapeutic outcome after surgical resection of the solid tumor mass, the present study evaluates the intra- 
and intercellular effects of a sequential therapy with TMZ combined with the alternative compound AT101 on 
two GBM primary cultures in an in vitro co-culture model mimicking an incomplete GBM resection. 

Methods 

The analyses comprised cytotoxicity assays, a fluorescence real-time apoptosis detection assay, the investigation 
of changes in signaling pathways and on the gene expression level, as well as the role of extracellular vesicles 
(EVs) using nanoparticle-tracking analysis (NTA) and western blotting. The analysis for both the intra- and 
intercellular effects of the sequential therapy were compared between mono- and co-culture of two GBM 
primary cultures. 

Results 

GBM cells were found to exhibit different apoptotic states over time upon sequential treatment when 
comparing mono- vs. co-culture conditions. Co-culture conditions were protectively influencing the death rates 
of GBM cells and were characterized by an increase of early-apoptotic cells (reversible event) with only little 
numbers of dead cells, whereas the mono-culture showed the opposite behavior, indicating a regulatory effect 
of healthy brain cells on the apoptotic cell death mechanisms. In addition, the MAP-kinases ERK1/2, GSK3β, 
mTOR, as well as β-Catenin were found to be activated upon treatment and the activation appeared to be 
differentially regulated in mono- vs. co-cultured GBM cells. Moreover, genes associated with dormancy and 
stemness were found to be upregulated under co-culture conditions upon treatment. Furthermore, NTA of 
isolated EVs revealed a shift in the size distribution of particles towards smaller sizes and a change in the total 
number of EVs in the samples that underwent the sequential treatment. 

Conclusion 

Our results indicate a complex role of the tumor microenvironment for the therapeutic outcome of GBMs. 
Understanding the mechanisms how healthy brain cells influence the response of residual GBM cells to a 
treatment and how the cellular crosstalk via EVs is involved might help to develop a more effective treatment 
strategy. 
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Ein Multi-Omics Ansatz zur Identifizierung von Markern für Glioblastom-Rezidive  
A Multi-Omics approach to identify markers for glioblastoma recurrence 
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Objective 

Knowledge of individual time-to-recurrence (TTR) of GBM patients is critical to enable life-prolonging repeated 
surgery. MicroRNAs (miRNAs) are non-coding single-stranded RNA molecules of 21 to 25 nucleotides and related 
to numerous tumor cell functions in GBM. Extracellular vesicles (EVs) are small, stable, membrane-closed 
particles secreted by tumor cells. EVs encapsulate various tumor-specific molecules such as miRNAs and 
contribute to GBM progression. We envisage the realization of a multi-omics approach integrating miRNAs, EVs, 
and proteomics to enable a combined rational detection of markers associated with GBM recurrence. 

Methods 

Pre- and postoperative serum samples from newly diagnosed GBM patients and patients with GBM recurrence 
were collected from a cohort of 50 patients and subjected to proteomic and radiomic analysis in conjunction 
with RNASeq analysis. EVs were separated from serum samples via differential high-speed centrifugation. 
Isolation of miRNA was performed using the total exosome RNA and protein isolation kit and miRNA from cells 
and tissues were isolated using the miRNeasy tissue/cells advanced mini kit. Micro RNAs were detected using 
qPCR. Osteopontin protein levels were determined by ELISA.  

Results 

238 different miRNAs were identified in a cohort of 50 patients (GBM WHO°IV, IDH WT) by RNASeq analysis. 
Interestingly, some particular miRNAs were identified as significantly expressed in overlapping groups comparing 
serum, EDTA, and serum-EV samples (p-value >0.05, FC-2.0). Initially, we identified four candidate miRNAs (miR-
19a-3p, miR-29b-3p, miR-130a-3p and miR-181a-5p) with functional relevance in GBM. In particular, miR-181a-
5p is correlated to several genes and linked to improved survival and decreased recurrence in GBM. Expression 
levels of miR-181a-5p positively correlate with those of MMP9 (n=21, p=0.01, r2= 0.3) and MMP14 (n=19, 
p=0.04, r2= 0.22) in GBM tissue samples. Osteopontin (OPN) protein, a potent inducer of tumor angiogenesis in 
GBM was also correlated with different miRNA expression levels, and high levels of OPN in pre-operative EDTA 
samples (ELISA) are linked to poor prognosis. 

Conclusion 

A combination of serum markers could potentially be used to monitor GBM progress and identify recurrence at 
an early stage in disease progression. In particular, the combination of miRNA and proteins isolated from serum 
EVs has a high potential to be considered as specific. 
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IL-17A, IL-22, IL-23 and CCL20 - Einfluss auf Migration und Invasion von Ratten Glioblastomzelllinien unter 
Verwendung von in vitro Methoden und organotypischen Rattenhirnschnitt-Co-Kulturen (OBSC) 
IL-17A, IL-22, IL-23 and CCL20 – influence on migration and invasion of rat glioblastoma cell lines using in vitro 
techniques and a rat organotypic brain slice co-culture (OBSC) 
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Objective 

Tumor cell invasion has been demonstrated to be enhanced by inflammatory cytokines such as IL-17A, IL-22, IL-
23 and CCL20 in various tumor entities other than glioblastoma (GBM). We have tested the impact of these 
factors on GBM migration and invasion utilizing four different in vitro techniques. 

Methods 

For avoiding xenogenous effects in the rat organotypic brain slice co-culture (OBSC), we use the rat glioblastoma 
cell lines 9L and S635 and as a non-neoplastic control cell line we used primary rat astrocytes. We employed a 
Boyden Chamber Invasion assay (transwell with matrigel), spheroid migration assay (4000 cell spheroid in round 
bottom well) and a wound healing migration assay. Moreover we have adopted and evolved rat OBSC to test for 
pro-migratory effects of the candidate cytokines: we use 6-12d rat brains, cut them in 350µm slices, put them on 
a 0.4µm insert swimming on culture medium. Next, we placed 4000 PKH67 fluorescence-labeled rat 
glioblastoma cells as spheroid-like structures in the area of the hippocampus next to the lateral ventricle and 
quantified the migration for 7 days. 

Results 

IL-22 shows enhancement of invasion and migration in our tested glioblastoma cell lines but not in the normal 
astrocytes. IL-17A shows enhancement of migration only on 9L cell lines. The establishment of the rat OBSC was 
feasible in our set-up and viability of the co-culture was shown over the course of 7 days, yet the effect of the 
above mentioned factors was not reproducible in the OBSC. 

Conclusion 

The effect of enhanced migration and/or invasion was not reproducible with our rat OBSC, probably   because of 
minor discriminatory power due to our method of measuring the 2D extent of fluorescence. Refinement of 
measurement techniques might lead to more conclusive data in our rat OBSC. The downstream pathways 
leading to the effect with IL-22 and the effect on human cell lines remain to be examined. 
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Inhibition der Protein Tyrosin Phosphatase PTP1B mit dem small-molecule-Inhibitor Claramine verhindert das 
EGF-stimulierte Wachstum von Glioblastomzellen 
Inhibition of the protein tyrosine phosphatase PTP1B by the small molecule inhibitor Claramine inhibits the 
growth stimulation of EGF in glioblastoma cells 
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Objective 

Protein phosphatases, e.g., PTP1B, are crucial for regulating the activity of protein tyrosine kinases, e.g., the 
EGFR. Since most EGFR targeted therapies did not show a significant increase in progression-free survival and 
overall survival, novel ways of inhibiting tumor-promoting pathways, e.g. MAPK pathway and AKT signaling, need 
to be identified. Interestingly, Bartolomé and coworkers showed that the inhibition of PTP1B with Claramine 
prevents IL-13 induced growth and migration of GBM cells in vitro. Furthermore, PTP1B inhibition in an 
intracranial GBM mouse model promoted prolonged survival. The main objective of the study is the analysis of 
the influence of PTP1B inhibition on cell viability and growth in GBM cell lines under EGF stimulation. 

Methods 

10 different glioblastoma cell lines were cultured in DMEM supplemented with 10% FCS, 2mM GlutaMax, and 
1% penicillin/streptomycin. Cells were incubated with EGF (10ng/ml and 100ng/ml) and Claramine (5µM). The 
incubations were carried out in serum-free conditions over 48h. The CellTiter-Glo Luminescent Cell Viability 
Assay (CTG, Promega, Mannheim, Germany) was employed to determine viable cells by measuring ATP in cell 
lysates. All experiments were performed in quintuplicate. For statistical analysis, the Bonferroni multiple 
comparison test was used.  

Results 

We identified GBM cell lines responding to EGF by incubating 10 different cell lines with 10 ng/ml and 100 ng/ml 
EGF. The cell lines U343 (p<0.01), T98G (p<0.05), MZ18 (p<0.01), and MZ54 (p<0.01) showed a significant 
increase in cell viability under EGF treatment (Fig. 1). Incubation of T98G and MZ54 cells with Claramine revealed 
a significant reduction of cell viability treatment (MZ54 p<0.0001; T98G p<0.001). Coincubation with EGF and 
Claramine abolished the growth-stimulating effect of EGF in Claramine-free settings (Fig. 2). 

Conclusion 

These results strongly notions that Claramine's effect on viability involves signaling downstream of EGFR. Thus 
selective PTP1B inhibition gives the opportunity to inhibit EGFR signaling in glioblastoma cells downstream of 
EGFR and may thereby overcome resistances against EGFR targeted therapies. 
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Fig. 1 
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Fig. 2 
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Objective 

About 95 % of GBM patients show tumor relapse leaving them with limited therapeutic options as recurrent 
tumors are often resistant to temozolomide (TMZ). GBM-like stem cells (GSCs) are considered as the major 
obstacle in therapy resistance, so the characterization of their response to TMZ is informative to identify genes 
associated with TMZ resistance. In TMZ resistant GSCs, we identified Carbonic Anhydrase 2 (CA-2) as a major 
resistance factor responsible for lactate transport and maintenance of the "Warburg effect" in GBM cells. 

Methods 

Four independent patient-derived GSC lines and the GBM cell lines U251 and U87 were analyzed for expression 
levels of CA2 by qPCR. CA-2 expression in GBM sections was detected by IHC-staining with established markers 
(GFAP, Nestin). Stable CA2- expressing U251 and U87 cells were transfected with a CA-2 construct and analyzed 
for proliferation, cell migration, invasion, and cell viability assays using co-treatment of TMZ with CA-2 inhibitors. 
To assess the energy metabolism of these cells, "Seahorse" experiments were performed to measure metabolic 
parameters in these cells, such as oxygen consumption and glycolysis. Autophagy was investigated in GSCs 
treated with TMZ and brinzolamide by determining LC-3I to LC-3II ratio and p62 induction. 

Results 

CA-2 expression was detected in GBM tissue and is accumulated in GSCs of recurrent GBM. CA-2 is highly 
expressed in GSCs, but merely present in U87 and U251 GBM cell lines. Using acetazolamide as a pan-CA 
inhibitor, we showed that co-treatment of TMZ with100-400 mM Acetazolamide (ACZ) significantly sensitizes 
GSCs to TMZ (p<0.01). More effective in sensitizing GSCs to TMZ-mediated cell death was the more "specific" 
CA-2 inhibitor brinzolamide (100 and 400 mM). Stable CA-2 overexpressing U251 and U87 cells exerted a 
significantly (at least 2.3-fold, p<0.001) higher resistance to TMZ. In addition, CA-2 overexpressing cells show 
enhanced proliferation, enhanced cell viability and are metabolically more active as revealed by higher oxygen 
consumption rate and extracellular acidification rate. However, when treated with TMZ and brinzolamide, CA-2 
overexpressing cells showed reduced viability and undergo autophagic cell death, as indicated by LC-3 
conversion and p62 activation.   

Conclusion 

CA-2 has a high metabolic impact in GBM cells and GSCs. Our results provide a rationale for combination therapy 
targeting the lactate metabolism by inhibition of CA-2 to enhance the therapeutic efficacy of TMZ.   
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Objective 

After surgery, adjuvant chemotherapy is necessary for many brain tumours. This is often associated with 
undesirable effects, e.g. toxicity for neuronal tissue. Vincristine is a common used chemotherapeutic agent. As 
part of the PCV regimen, it finds its application at oligodendrogliomas or in case of recurrence in glioblastomas. 
This alkaloid can cause various side effects such as polyneuropathy or optic atrophy. The aim of this work is to 
reduce undesirable side effects without reducing the therapeutic response of the malignant cells. Previous 
studies could demonstrate neuroprotective properties of nimodipine. For this purpose, experiments were 
conducted with this calcium channel blocker in combination with vincristine. 

Methods 

Cell lines of schwann cells, neuronal cells and tumour cells (oligodendroglioma, glioblastoma) were cultured and 
pre-treated with 10µM or 20µM nimodipine. Vincristine was added after 24 hours in a concentration of 1µM or 
5µM. After 24h and 48h, cell death was measured by LDH assay. In addition, Western Blot was performed to 
investigate anti-apoptotic cell signaling pathways. Therefore levels and phosphorylation of Akt (proteinkinase B) 
and LMO4 (LIM Domaine Only 4) were measured. 

Results 

Pre-treatment of Schwann cells and neuronal cells with nimodipine led to a significant reduction in cell death, 
which was accompanied by an increased activation of Akt and higher LMO4 expression after vincristine 
treatment. In contrast, treatment with nimodipine resulted in a better response to chemotherapy in 
oligodendroglioma cells with significant increase in cell death. In glioblastoma cells, we observed a consistently 
high to slightly increased effect regarding cell death. 

Conclusion 

The combination of nimodipine and vincristine may be able to prevent adverse effects such as polyneuropathy 
while improving tumour response to chemotherapy. Further studies are needed to verify these effects, e.g. in 
animal models. 
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Protektive Wirkung von Nimodipin bei Cisplatin-assoziierter Ototoxizität 
Nimodipine pre-treatment protects auditory hair cells from cisplatin-induced cell death by upregulation of LMO4 
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Objective 

Ototoxicity is known as one of the main side effects of cisplatin treatment and limits the quality of life of tumor 
patients, which is already impaired by their disease and important for recovery. Since there is no established 
therapy at the current time, the aim of this study was focused on the relationship between the neuroprotective 
effect of nimodipine in relation to the expression of LMO4 and its central role in cell survival in cisplatin-
associated cell damage to auditory cells. 

Methods 

The undifferentiated and differentiated immortalized cell lines UB/OC-1 and UB/OC-2 were used. To investigate 
the cytotoxic effect, the cell death rate was measured, after nimodipine pre-treatment and stress induction by 
cisplatin based on the activity of lactate dehydrogenase (LDH) in the supernatant of the cells. Furthermore, 
Western Blot were performed to investigate anti-apoptotic signalling that may be associated with reduced 
cytotoxic effect after nimodipine pre-treatment. In addition, the protein level of LMO4 and known interacting 
proteins, Akt, CREB and Stat3 were analysed. The impact of intracellular calcium concentration under nimodipine 
pre-treatment and stress induction by cisplatin was detected by the fluorescent dye Cal-520. 

Results 

The cytotoxic effect by cisplatin on hair cells is attenuated by nimodipine in a dose-dependent manner and led to 
a significant reduction of cell death up to 65 % (p<0.05) in undifferentiated cells and even after differentiation, a 
reduction of 40 % (not significant) was still visible. The study confirmed that LMO4 is downregulated by cisplatin. 
Whereas nimodipine pre-treatment counteracted this reduction, which is associated with increased activation of 
Akt, CREB, and Stat3 upon cisplatin application. A calcium dependence of the protective effect of nimodipine 
could not be demonstrated, rather, an increase of intracellular calcium under stress regardless of nimodipine 
pre-treatment was detected. 

Conclusion 

By reducing the side effects of cisplatin through nimodipine pre-treatment, a significant improvement in 
patients' quality of life and better utilization of the chemotherapeutic effect could be achieved. Not only in 
adults, but especially in children who suffer from a high rate of hearing loss. 
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Objective 

The reproducibility of research results marks one of the foundations of translational preclinical science and 
receives rising awareness by major stakeholders of biomedical research such as the National Institutes of Health 
and Nature. Considering this development, our project investigates the reproducibility of a commonly performed 
in vitro drug test assay and aims to identify drivers of irreproducibility. Thereby, we focus on preclinical in vitro 
research on glioblastoma, a malignant tumour with largely unmet need for improvement in therapeutic 
outcome. 

Methods 

We conducted a systematic search on PubMed, Embase and Web of Science for literature that describes the 
effect of the first-line chemotherapeutic agent Temozolomide on the viability of U-87 MG glioblastoma cells. 
Accompanying, we extracted a series of experimental parameters that in theory could affect drug sensitivity of 
U-87 MG cells, e.g., cell concentration, age, and culture medium components. In a subsequent meta-analysis, we 
quantified the reporting of these parameters and evaluated associations between parameter characteristics, 
reporting, and the reproducibility of TMZ sensitivity. 

Results 

In total, 137 of 1158 unique articles found in the search were included into the review. The overall reporting of 
experimental features was deficient (e.g., cell concentration reported in only 16.8% of the articles). However, 
recent but slight improvement in reporting habits was observed (p = 0.011). Interestingly, the experimental 
results of the same experiment (U-87 MG cell viability reduction caused by Temozolomide treatment) were 
highly heterogeneous across the included studies (p < 0.001). At this, the cell culture mediums glucose level was 
identified as a significant driver of irreproducibility (p = 0.016). 

Conclusion 

Based on our findings, we strongly support the establishment of consensus minimum reporting standards for 
preclinical research including parameters being able to influence the comparability of results across studies. 
Concretely, for in vitro cell viability assays, the mediums glucose level should be explicitly reported. In 
perspective, we hope to increase scientists' awareness of the importance of reproducible preclinical research 
results as a potential contribution to higher translation rates of promising in vitro findings into neuro-oncological 
care, not only for glioblastoma. 
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Reversible Öffnung der Blut-Hirn-Schranke unter Verwendung von Tumor Treating Fields (TTFields) in einem 
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Objective 

Successful drug delivery to the central nervous system (CNS) is restricted by the blood brain barrier (BBB). Since 
most therapeutic molecules are not able to breach the BBB, novel methods to disrupt the barrier to enhance 
drug transport are necessary. We recently demonstrated the ability of TTFields to optimally induce BBB 
permeability in in vitro and in vivo murine models. TTFields are alternating electric fields of low intensity (1-
3V/cm) and intermediate frequency (100-300 kHz), which at 200 kHz are effective and approved for the 
treatment of glioblastoma (GBM). Since TTFields are already used as a GBM therapeutic modality, we assessed if 
the same effects we observed in our murine systems translate to a human cell-based entity. 

Methods 

A 3D-BBB transwell model made up of human brain microvascular endothelial cells (HBMVEC) and human 
pericytes was established and treated with TTFields at 100-300 kHz for 24-96h using the inovitro™ TTFields Lab 
Bench System (Novocure®). Afterwards, cells were allowed to recover for 24-96h. To analyze TTFields effects on 
barrier integrity, transendothelial electrical resistance (TEER) of the HBMVEC monolayer was measured. In 
addition, permeability was assessed via FITC-dextran assay. Finally, changes in expression and localization of the 
tight junction protein (TJP) claudin-5 (Cl-5) following application of TTFields were examined via Western blot and 
immunofluorescence (IF) staining, respectively. 

Results 

TTFields application of all investigated frequencies significantly decreased TEER across the HBMVEC monolayer 
after as early as 24h. Nonetheless, strongest effects were seen with 100 kHz after 72h. IF staining revealed 
delocalization of TJP Cl-5 from the cell boundaries to the cytoplasm. Recovery of the cell barrier was already 
evident as early as 24h after TTFields cessation, with complete recovery after 48h. 

Conclusion 

Altogether, the effects of TTFields previously observed in our murine in vitro and in vivo models are validated in 
the human 3D in vitro model. Reversible opening of the BBB through TTFields is feasible in a human-based 
entity, as demonstrated by our system. Thus, future translation of this method into a clinical setting could 
facilitate drug delivery for improved treatment of CNS diseases including devastating brain tumors such as GBM. 
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Objective 

Drug repurposing is a promising strategy to accelerate the clinical use of therapeutics with anti-neoplastic 
activity. In this study, we examined whether Tumor Treating Fields (TTFields) enhance the biological effects of 
the repurposed CUSP9v3 regimen in an in vitro setting of glioblastoma. 

Methods 

We performed MTT-assays to examine effects of the combination treatment on the viability of established, 
primary cultured and stem-like glioblastoma cells. Staining with annexin V/propidium iodide followed by flow 
cytometry was done to assess pro-apoptotic effects. Specific protein expression of members from the Bcl-2 
family of proteins was determined by Western blot analyses.  

Results 

TTFields had at least additive anti-proliferative effects across established, primary cultured and stem-like 
glioblastoma cells when combined with CUSP9v3. In addition, flow cytometric analyses revealed that a 
simultaneous treatment with TTFields and CUSP9v3 significantly increased the fraction of annexin V-positive 
(apoptotic) glioblastoma cells. On the molecular level, the combination treatment led to a significant reduction 
of Bcl-2 levels.  

Conclusion 

These data suggest that TTFields enhance the susceptibility of glioblastoma cells towards CUSP9v3, potentially 
allowing significant dose reduction and decreased toxicity. TTFields are widely used for the treatment of 
glioblastoma patients and CUSP9v3 was recently shown to have a favorable safety profile in a phase Ib/IIa trial 
(NCT02770378) which facilitates transition of a combined approach to the clinical setting and warrants further 
investigation.  
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LRIG1 ist höher exprimiert in LGG und sekundären GBM als in HGG und primären GBM 
Expression of potential tumour suppressor LRIG1 is higher in low grade gliomas and in secondary glioblastomas 
compared to high grade gliomas and primary glioblastomas 
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Objective 

The LRIG family of integral membrane proteins consists of LRIG1-3. While LRIG2 is believed to be a tumor 
promoter, LRIG1 and LRIG3 seem to function as tumor suppressors. In this study, we aim to analyze and 
compare the expression of LRIG1 in different types of gliomas. 

Methods 

Tumor tissue from seven subgroups (grade II, grade III, recurrent secondary glioblastoma with and without 
temozolomide treatment, primary glioblastoma without temozolomide treatment and recurrent primary 
glioblastoma with temozolomide treatment; n=5 per group) was obtained during neurosurgery. Quantitative 
western blot analysis with LRIG1 as primary antibody was performed. Data was statistically analyzed using 
ANOVA, Kruskal-Wallis and Mann-Whitney-U tests. Immunofluorescence was performed on cryo slices (n=3 per 
group) with LRIG1 as primary antibody. 

Results 

LRIG1 expression tended to negatively correlate with WHO grades. Low grade gliomas had significantly higher 
protein levels than high grade gliomas (LGG 0.215 ± 0.126 vs. HGG 0.079 ± 0.052; p=0.0118). Grade II gliomas 
showed the tendency towards a higher LRIG1 expression than grade III glioma, but the difference was not 
significant (grade II 0.215 ± 0.126 vs. grade III 0.153 ± 0.150). LRIG1 was significantly higher expressed in grade II 
glioma compared to secondary glioblastoma (grade II 0.215 ± 0.126 vs. sGBM 0.083 ± 0.038; p=0.0003). Grade III 
glioma also showed a trend towards a higher expression of LRIG1 than in secondary glioblastoma, although not 
significant (grade III 0.153 ± 0.150 vs. sGBM 0.083 ± 0.039). LRIG1 protein levels were significantly higher in 
secondary glioblastomas compared to primary glioblastomas (pGBM 0.052 ± 0.028 vs. sGBM 0.083 ± 0.038; 
p=0.014). Primary glioblastomas treated with chemotherapy showed a trend towards a lower expression of 
LRIG1 than those without treatment (pGBM - CTx 0.121 ± 0.136 vs. pGBM + CTx 0.059 ± 0.029). In secondary 
glioblastomas chemotherapy tended to correlate with a higher expression of LRIG1  (sGBM - CTx 0.084 ± 0.031 
vs. sGBM + CTx 0.214 ± 0.230). Results could be confirmed with immunofluorescence. 

Conclusion 

LRIG1 expression in low grade gliomas is higher than in high grade gliomas. We report for the first time that 
secondary glioblastomas have higher LRIG1 protein levels than primary glioblastomas. 
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Objective 

Navigated transcranial magnetic stimulation (nTMS) is highly valuable to create patient-individual data with 
motor-eloquent areas visible for the operating surgeon during the resection of cerebral pathologies. To obtain 
reliable and reproducible results in navigated transcranial stimulation brain mapping, nTMS-examinations are 
conducted in a standardized way. Factors influencing stimulation parameters and results of nTMS-examinations 
are not completely investigated yet. The objective was to determine factors which influence nTMS-stimulation 
parameters and the quality of nTMS-data for neurosurgical procedures. 

Methods 

Patient records, imaging and nTMS-data from examinations of the upper extremity muscles were retrospectively 
reviewed. According to the ratio of positive to all applied stimulations, nTMS-data were judged as high- (more 
than 45% positive responses), intermediate- and low-quality (less than 25% positive responses). 

Results 

65 nTMS-examinations in 61 patients (39.3% female) aged 59.95 years were evaluated. Resting motor threshold 
(rMT) was higher in patients with tumors in direct vicinity of the precentral gyrus (p=0.031), non-recurrent 
tumors (p=0.024) and in patients with motor deficits (p=0.049). Monitoring of more than two upper extremity 
muscles allowed mapping the hand area at lower intensities (p=0.015). Mapping conditions did not differ in 
patients with different tumor entities (all p>0.2). nTMS-mapping quality was user-independent. Applied 
stimulations and positive stimulations correlated significantly (rs=0.66, p<0.001) . The ratio of positive 
stimulations and stimulation intensity (minimum applied stimulator output: rs=-0.14, p=0.26, maximum applied 
stimulator output: rs=-0.15, p=0.25) showed no correlation. Patients with low-quality mapping data had lower 
rMT (p=0.049). Patients with arterial hypertension had lower ratios of positive stimulations (p=0.045). We did 
not observe differences in the ratio of positive stimulations among different tumor entities (p=0.54), vicinity to 
the primary motor cortex (p=0.47) or motoric deficits (p=0.56). High quality nTMS-data were associated with no 
postoperative deterioration in patients with highly motor-eloquent tumors (p=0.009). 

Conclusion 

nTMS-examinations are influenced by different conditions. Most of these conditions are patient-specific or can 
be derived from imaging studies. Nonetheless, stimulation intensity should be kept as low as possible during 
nTMS-motor-mapping. 
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Bestimmung der Lateralisierung von Sprachfunktionen durch clustered-sparse fMRT 
Determining language function lateralisation using clustered-sparse acquisition fMRI 
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Objective 

Detecting the individual hemispheric language lateralization is of great interest, e.g., for planning tumor surgery. 
Functional MRI (fMRI) offers a non-invasive alternative to the WADA-test. However, conventional fMRI 
acquisition methods (i.e., continuous sampling) suffer from the acoustic contamination by scanner noise. In this 
study, we set out to compare the utility of two different fMRI tasks to determine language lateralization, using a 
clustered-sparse acquisition method. This novel acquisition method provides silence in the scanner during task 
execution, thus minimizing acoustic contamination and movement artifacts, whilst preserving a reasonable 
scanning session length. 

Methods 

15 healthy subjects (m=4, mean age=30 yrs) underwent fMRI (Philips Ingenia 3T) consisting of (1 – PN) a picture 
naming task and (2 – SD) a semantic decision task (i.e., selecting a semantically related picture out of three 
options by button-press after auditory sentence presentation). Full brain volumes were acquired in a clustered-
sparse scheme leaving a silent epoch for task conduction between groupings of three scans (TR: 1.2s, TE: 30ms, 
FA: 64°, 36 slices, voxel size: 3mm isotropic), lasting for ~7.5 min. Data were analyzed using SPM12 and Matlab. 
JuBrain Anatomy Toolbox was used to delineate regions of interest (ROI): angular gyrus (AG), superior temporal 
gyrus (STG) and inferior frontal gyrus (IFG). The SPM script "AveLI" was used to compute laterality indices (LI). LI 
values determined lateralization, using a cut-off of +/- 20%. 

Results 

Overall, left lateralization was higher for the SD task compared to PN (p<0.01). Using the IFG and AG ROIs from 
the SD task, eight subjects were categorized as left dominant (LD; mean LI: 45% ±14%), five as ambiguous (mean 
LI: 2% ± 10%) and two as right dominant (RD; mean LI: -34% ± 16%). PN in contrast showed five subjects as LD 
(mean LI: 41% ± 20%), five as ambiguous (mean LI: 8% ± 8%), and six as RD (mean LI: -48% ± 18%). Limiting the 
analysis to the STG ROI, only a minority of subjects were categorized as LD (SD: n=6; PN: n=2). 

Conclusion 

Clustered-sparse fMRI using a SD task with focus on the IFG and AG ROIs performed closest to literature with 
regard to detecting hemispheric language dominance. It might therefore offer a valuable non-invasive tool for 
determining language lateralization, well suited for brain tumour patients due to the velocity of scan acquisition 
and the relative simplicity of the task. 
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Objective 

Visual object naming (vON) is the most commonly applied linguistic test during awake surgeries with electrical 
stimulation mapping. Little is known about the predictive value of general preoperative linguistic and cognitive 
function for the intraoperative object naming ability of the patient. We aimed at analyzing these correlations, in 
order to potentially define cut-off values for when intraoperative vON tasks may no longer be gainful. Also, we 
aimed to assess the benefits of patient- specific tailoring of object-images. 

Methods 

46 patients with left-sided perisylvian tumors, scheduled for awake surgeries, underwent a preoperative workup 
including a comprehensive test battery for general linguistic function, a cognitive function test, and an object 
naming task, employing a set of objects that was validated prior in an inhouse study. For intraoperative use, the 
initial set of 80 objects was tailored down to a slack of objects, each patient could reproducibly name. 
Correlations between the respective tests were drawn using multivariate analyses. 

Results 

On average, patients were only able to correctly name 81% of the original validated baseline set of objects 
(range from 16%-88%). Aachen Aphasia Test (AAT) scores and DemTect test scores (DS) correlated tightly with 
the vON. Patients with initial AAT scores of <80%, DS of <50%, and baseline vON scores of<50% were no longer 
able to reliably comply with the intraoperative task. 

Conclusion 

Patient specific tailored sets of objects improve the reliability of intraoperative object naming tasks. An elaborate 
preoperative language evaluation will give an estimate of the expected object naming ability of the patient and 
will help put into perspective intraoperative performances. There may be cut-off values in a-priori language 
function that may disqualify for awake surgeries. 
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Intraoperatives 3T-fMRT für Brain-Mapping und Neuronavigation mithilfe passiver sensomotorischer Stimuli 
unter Vollnarkose – erste Erfahrungen mit 6 Patienten 
Passive sensorimotor intraoperative functional 3T-MRI for brain mapping and neuronavigation under general 
anesthesia – first experience with 6 patients 
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Objective 

Functional MRI (fMRI) is widely accepted as a reliable tool for brain mapping due to its high spatial resolution, 
which is particularly useful for neuronavigation. Previous studies have shown that results of passive motor fMRI 
during anesthesia are relevant and helpful for identification of the primary sensorimotor cortex. Here we 
demonstrate our first experience in using intraoperative fMRI (ifMRI) under general anesthesia for on-site brain 
mapping using passive sensorimotor stimuli. 

Methods 

Six patients underwent tumor-resection involving the primary motor cortex with guidance using intraoperative 
imaging, neuronavigation and electrophysiological neuromonitoring. Pre- and postoperative 3T fMRI was 
performed using a block design (finger tapping, ankle motion) motor paradigm (BOLD Sequence, TR=1000ms, 
voxel size 2.5x2.5x2.5mm). In addition, intraoperative 3T MRI using structural T1 and T2-weighted sequences as 
well as ifMRI (BOLD Sequence, TR=2000 - 4000ms, voxel size 3x3x3mm) using passive sensorimotor stimuli under 
general anesthesia were performed before and after gross resection. The acquired data was correlated and 
validated by intraoperative motor cortex stimulation (MCS) and presurgical planning fMRI data. 

Results 

Passive intraoperative sensorimotor ifMRI showed unequivocal activations centered in the primary sensory and 
motor cortices during preoperative scanning under general anesthesia. After gross tumor resection, activations 
consistent with sensory activations in the appropriate and expected anatomical regions could be detected. MCS 
validated the motor foci defined by ifMRI imaging in all six cases. No complications occurred during ifMRI passive 
sensorimotor stimulation. 

Conclusion 

We present a technique for intraoperative on-site mapping of the sensorimotor cortices for intraoperative 
neuronavigation using passive sensorimotor stimuli in an ifMRI setting, which can be performed safely, fast and 
on patients, who otherwise would not be able to perform fMRI tasks sufficiently. Further studies on validity 
considering intraoperative distortion artifacts and systematic postoperative functional outcomes are needed. 
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Motorisch evozierte Potenziale in supratentorieller Chirurgie als diagnostische und Surrogat-Biomarker 
Motor evoked potentials in supratentorial surgery as diagnostic and surrogate biomarkers 
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Objective 

The objective of the current study was to assess the diagnostic and surrogate performance of MEPs in 
supratentorial surgery. 

Methods 

A systematic search of the literature using PubMed (MEDLINE), Embase, Scopus, CINAHL,and the Cochrane 
Library was undertaken to retrieve pertinent studies. A Diagnostic Test Accuracy (DTA) analysis of MEPs for 
postoperative motor deficits and a correlation analysis between reversed intraoperative MEP changes and new 
postoperative motor deficits were performed. The data were visualized using the RevMan calculator in the 
Review Manager software (RevMan, version 5.4), MATLAB (version R2020b) and R (version 4.0.2, R-project.org). 

Results 

The DTA analysis revealed that MEPs have a high specificity and Negative Predictive Value (NPV) for early-
transient, transient and permanent motor deficits. Sensitivity and Positive Predictive Value (PPV) estimates were 
inconsistent across the studies but were rather low or modest in the majority of them. Sensitivity yielded higher 
values for the threshold criterion compared with the amplitude criterion and PPV appeared to be higher when 
the mapping and monitoring criteria were combined compared with monitoring criteria alone. Diagnostic 
accuracy estimates were similar for Transcranial Electrical Stimulation (TES) and Direct Cortical Stimulation 
(DCS). The correlation analysis showed a negative correlation between the proportion of reversible MEP changes 
and the proportion of new postoperative motor deficits associated with MEP changes. 

Conclusion 

As diagnostic markers, MEPs exhibit high specificity and NPV and hence, the absence of irreversible MEP 
changes can reassure the surgeon both for short-term and long-term preservation of the motor 
function.However, MEPs display low to modest sensitivity and PPV, meaning that an irreversible MEP change is 
not associated per se with the occurrence of a postoperative motor deficit, although it is highly possible. The low 
to modest sensitivity and PPV may be attributed to the low prevalence of reported events.As surrogate markers, 
MEPs perform well and successful reversal of a MEP alteration following a rescue intervention indicates an 
unimpaired motor function postoperatively. 
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Die Bedeutung der MRT-Qulität und der Erfahrung des Betrachters für die Erkennung eines Adenoms bei 
Morbus Cushing 
The importance of MRI quality and viewer experience to detect an adenoma in Cushing's disease 

I. Nasi-Kordhishti1, S. Giese1, B. Bender2, J. B. Honegger1 

1Universitätsklinikum Tübingen, Klinik für Neurochirurgie, Tübingen, Deutschland 
2Universitätsklinikum Tübingen, Klinik für Diagnostische und Interventionelle Neuroradiologie, Tübingen, Deutschland 

Objective 

Cushing's disease (CD) is a serious illness, in which not only the endocrinological diagnostics, but also the 
detection of an adenoma by imaging is a challenge. Various magnetic resonance imaging (MRI) protocols and 
their sensitivity have been described. The aim of this study is to assess the difference in adenoma depiction 
between external MRI and sensitive MRI of the pituitary acquired in a highly experienced pituitary center. The 
MRI interpretation by external radiologists, internal neuroradiologist and pituitary surgeon are compared. 

Methods 

We retrospectively analyzed 139 patients with CD, who underwent first time transsphenoidal surgery in our 
department and had a preoperative external and internal MRI. Preoperative interpretation of MRI was 
performed independently by different viewers (external radiologist, internal neuroradiologist and pituitary 
surgeon). Intraoperative detection of an adenoma and endocrinological remission provided proof of the true 
adenoma location 

Results 

On the external MRI, the external radiologist described 78 adenomas and the pituitary surgeon 94 adenomas. 
On the internal MRI, the neuroradiologist described 118 adenomas and the pituitary surgeon 127 adenomas. 
Based on external MRI, the true localization of the adenoma was correctly predicted in only 46.7% of the 
patients by the external radiologist, and in 65.7% by the pituitary surgeon. , Based on internal MRI, the true 
location of the adenoma was correctly predicted in 80.0% by the internal neuroradiologist, and in 94.3% by the 
pituitary surgeon. 

Conclusion 

Both quality of MRI and viewer"s experience are decisive for detection of microadenomas in CD. Preoperative 
visualization of a pituitary adenoma by MRI is an important predictor for surgical success in CD. Patients with CD 
should present to centers with high experience in pituitary diseases. 
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Intraoperative Cone-Beam-Computertomographie zur Visualisierung von Tumorresten bei Operationen von 
Hypophysenadenomen 
Intraoperative cone-beam computed tomography for visualisation of tumour remnant in pituitary adenoma 
surgery 
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Objective 

Cone-beam computed tomography (CBCT) provides high spatial resolution and is increasingly used for 
intraoperative real-time bone imaging. Unfortunately, soft-tissue contrast is often limited due to several imaging 
artifacts. This prospective feasibility study aimed to evaluate the applicability of CBCT for visualization of 
pituitary adenomas and tumor remnants after neurosurgical resection. 

Methods 

The study comprised six consecutive patients with sellar lesions suspicious for pituitary adenomas that 
underwent endoscopic neuronavigation-guided transnasal transsphenoidal surgery. Intraoperative contrast-
enhanced CBCT (C-arm ARTIS Pheno, Siemens Healthcare GmbH, Erlangen, Germany) was used to visualize 
tumor masses before and after resection. Patients received early postoperative magnetic resonance imaging 
(MRI) to determine the extent of resection. Tumor remnant visualization was compared between CBCT and MRI. 

Results 

Intraoperative and postoperative imaging could be performed without complications in all six patients. 
Intraoperative CBCT allowed high-resolution imaging of the sellar lesions and reliably visualized tumor remnants. 
Comparison between intraoperative CBCT and early postoperative MRI revealed high diagnostic accuracy of 
CBCT. 

Conclusion 

Intraoperative CBCT is a promising tool to assess the extent of resection in pituitary adenoma surgery. Studies 
with a larger sample size are warranted to validate the value of CBCT in pituitary adenoma surgery. 
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Semiautomatische Volumenapproximation von intrakraniellen Meningiomen 
Semiautomatic image segmentation based volume approximation of intracranial meningiomas 
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Objective 

Management of meningioma patients greatly depends on the extent of clinical disease manifestation as well as 
tumor shape and size. We introduce an easy usable and open access semi-automatic image segmentation for 
volumetric and morphometric brain tumor analysis. 

Methods 

ITK-SNAP was utilized for semi-automatic image segmentation of 58 gadolinium-contrast enhanced T1-weighted 
thin-slice MRI datasets for volumetric and morphometric analysis. Furthermore, multimodal imaging datasets 
(including T2, FLAIR, T1) were evaluated for radiological biomarkers of aggressiveness and growth potential. 
Patient charts were retrospectively reviewed for accessory clinico-pathologic data including clinical disease 
manifestation, age, sex, weight, tumor grade and location. The statistical impact of various parameters was 
determined by Student"s t-test. 

Results 

Semiautomatic image segmentation at hand of a thin-slice gadolinium contrast-enhanced T1-weighted image 
series is feasible, freely accessible and enables quick volume approximation. Location (p=0.001), clinical disease 
manifestation (p=0.033), peritumoral edema (p= 0.038), tumor intrinsic cystic degeneration (p=0.007), 
multifocality (p=0.022) and meningioma mass effect (p=0.001) were statistically associated with higher volumes, 
irrespective of tumor grade.  

Conclusion 

Conventional methods for size characterization of meningiomas neglect a large portion of an MRI-scans dataset. 
Hence, this paper is intended to propagate the usage of semi-automatic image segmentation for size 
characterization and morphometric analysis of meningiomas. Additionally, we highlight the importance of 
correct size indication by means of segmentation based volume approximation, particularly in the context of 
accurate neoplastic disease state quantification for patient observation and follow up. 
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Vergleich der Faserbahnrekonstruktion der Pyramidenbahn mittels Diffusion-Tensor-Bildgebung und einem 2-
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Comparison of One-Tensor vs. Dual-Tensor fibre tractography of the corticospinal tract 
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Objective 

Diffusion tensor imaging (DTI) based fiber tractography (FT) is routinely used in neurosurgical tumor surgery to 
visualize major white matter tracts such as the corticospinal tract (CST). However, a major limitation of clinically 
available DTI based FT is the estimation of a single major diffusion direction, not capable of resolving crossing or 
kissing fibers. Various complex models eventually overcoming such limitations of the DTI based approach exist 
but haven't found their way into clinical practice. Especially in areas where no single major diffusion direction 
can be seen a dual-tensor model might be beneficial to overcome limitations of the classical DTI model. 
However, recently integrated in the clinical practice its capability to improve FT is investigated. 

Methods 

MRI data of ten healthy subjects were retrospectively analyzed. Data were processed using Brainlab Fiber 
Tracking Elements version 1.0 for the one-tensor and version 2.0 for the dual-tensor approach (Brainlab, 
Munich, Germany). FT of the CST was performed applying a region of interest (ROI) based approach, using the 
same include ROIs (motor cortex, cerebral peduncle) and exclude ROIs (for tract refinement) for both models. 
Tract volumes as well as the Dice coefficient (DC) as measure of spatial overlap between both approaches were 
calculated and analyzed. Statistical analysis was performed using a paired t-test. 

Results 

Mean volumes of the one-tensor compared with the dual-tensor FT for the left CST were 8.15cm³ ± 1.37cm³ [5.9 
cm³; 10.1 cm³] and 6.60cm³ ± 1.23cm³ [4.61cm³; 8.48cm³], respectively (p<0.01). The mean values of right CST 
with respect to volumes were 7.80cm³ ± 1.64cm³ [5.23cm³; 10.60cm³] for the one-tensor FT and 6.33cm³ ± 
1.49cm³ [4.04cm³; 9.06cm³] for dual-tensor FT (p<0.01). The mean DC was 88.11% ± 1.68% on the left [85.89%; 
90.97%] versus 88.00% ± 1.89% on the right side [84.28%; 90.70%]. 

Conclusion 

Statistically significant differences were found between both models regarding volume of the reconstructed 
tracts, with even smaller volume in case of the dual tensor FT approach, whereas the Dice coefficient revealed a 
good spatial overlap. Even though the dual tensor model offers two possible directions to follow for 
tractography, only one (with smaller angular difference) is used, which might lead to less widened tracts, and 
therefore more refined and possibly even more plausible reconstructions, whereas aspects such as its capability 
of resolving complex structures need to be further investigated. 
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Einfluss der 18F-FET-PET-Bildgebung zur Unterscheidung von Tumorprogression vs. therapieinduzierten 
Veränderungen nach Immuntherapie mit DC-Impfung bei Glioblastompatienten 
Impact of 18F-FET PET imaging to differentiate tumour progression vs therapy induced changes following 
immunotherapy with DC vaccination in glioblastoma patients 
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Objective 

In the ongoing phase-II GlioVax trial, patients with newly diagnosed glioblastoma are treated with DC vaccination 
as add-on to standard temozolomide chemoradiation after fluorescence-guided surgery. Due to the multimodal 
therapy including vaccination immunotherapy, the specificity of contrast-enhanced MRI to differentiate between 
tumor recurrence and treatment-related changes is low. We examined the diagnostic value of amino acid PET 
using O-(2-[18F]-Fluoroethyl)-L-Tyrosine (18F-FET) PET for this clinically important differentiation. 

Methods 

Patients enrolled in the GlioVax trial and with progressive MRI findings according to the RANO criteria 
underwent additional 18F-FET PET imaging. Treatment-related changes on 18F-FET PET were considered if the 
mean tumor-to-brain ratio was ≤ 2.0. Subsequently, MRI and 18F-FET PET findings were correlated with the 
clinicoradiological follow-up or neuropathological findings. 

Results 

22 patients (n=13 vaccinated patients; n=9 control group) received 30 additional 18F-FET PET scans (n=19 scans 
in vaccinated patients). In vaccinated patients, the median time between radiotherapy completion and 
progressive MRI was 8 months (range, 1-18 months). In contrast, in the control group 5 months (range, 1-7 
months). 

In 10 18F-FET PET scans (performed in 5 vaccinated patients, and 5 patients with standard therapy) PET and MRI 
were congruent and indicated tumor progression. Further treatment of these patients: Vaccinated patients: 2 
patients were referred to best supportive care; in 3 patients a re-resection was performed (neuropathological 
diagnoses: treatment-induced changes (n=1); recurrent tumor (n=2)). Control group: two patients were referred 
to best supportive care; in 3 patients a re-resection confirmed tumor recurrence. 

In contrast to the corresponding MRI, findings of 20 18F-FET PET scans (performed in 13 vaccinated patients, 
and in 6 patients with standard therapy) were consistent with treatment-related changes and the patients 
remained stable for at least 3 months. 

Conclusion 

Following multimodal therapy including DC vaccination, treatment-related changes occurred more often and 
later than in patients undergoing standard therapy. Additional 18F-FET PET imaging is helpful to distinguish 
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tumor progression from treatment-induced changes related to the applied multimodal therapy including DC 
vaccination. 
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Vergleich funktioneller MRT-Daten zwischen SPM12 und FreeSurfer mittels eines angepassten anatomischen 
Atlasses 
Comparison of functional MRI data between SPM12 and FreeSurfer using a customised anatomical atlas 
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Objective 

Many studies comparing the performance of different softwares for analyzing MRI data are limited to the 
examination of structural data. In doing so, they show that analysis tools such as SPM12 and FreeSurfer do not 
or only slightly differ in analyses such as the calculation of gray and white matter volume or cortical thickness. In 
contrast, a closer examination of the results of the analysis of functional MRI data cannot be found. One reason 
for this could be a lack of an objective evaluation system, since both methods do not have a common atlas of 
brain anatomy. Therefore, in this study, we would like to present a way to use a shared atlas in both methods 
and thus compare the results of functional MRI analyses. 

Methods 

Here, we retrospectively analyzed functional MRI data from 12 healthy subjects who participated in a study 
examining a language paradigm. Since SPM12 and FreeSurfer use different atlases for anatomical parcellation, 
we looked for a possibility to compare the results of the two analysis methods. For this purpose, we used the 
established AAL3v1 atlas (1x1x1mm resolution) to obtain a binarized Region of Interest (ROI) files for each 
included brain area. Some ROIs like the subdivided areas of the thalamus were reassembled due to small region 
size. We registered the ROIs to the individual brain in native space, a normalization to standard MNI space was 
not performed. After 1st level analysis of the functional data in FreeSurfer and SPM12, the cluster size of actived 
voxels were compared between the two analysis tools. 

Results 

We analyzed the individual results calculated with both methods using paired t-tests, which were Benjamini-
Hochberg (False Discovery Rate; FDR) corrected for multiple comparisons. The analysis of the cluster size of 
activated voxels of each Region of Interest showed no significant differences in none of the 94 ROIs. 

Conclusion 

We conclude from the results that creating an atlas that works in SPM12 and FreeSurfer is possible. This also 
allows the comparison of functional as well as structural results of both softwares. Since we have not found any 
study comparing functional MRI data between the two analysis software, we believe that this is the first 
successful attempt to objectively compare functional results between FreeSurfer and SPM12. 
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2D DSA – 3D CTA Registrierung integriert in die Neuronavigation bei der neurochirurgischen Versorgung 
intrakranieller Aneurysmen 
2D DSA – 3D CTA Co-Registration integrated in neuronavigation for intracranial aneurysm surgery 
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Objective 

Neuronavigation has up to now been of limited use in aneurysm surgery. Nevertheless, especially in case of small 
or atypical located aneurysms the use of neuronavigation might be beneficial. Typically, digital subtraction 
angiography (DSA) or computed tomography angiography data is used preoperatively for diagnostic purposes. 
Whereas 3D CTA data can be easily integrated in the neuronavigation set up, the co-registered integration of 2D 
DSA data is somehow up to now still limited. With a recent integration of 2D-3D image fusion for vascular data 
sets into common neuronavigation system, this approach could improve individual treatment strategies by 
analyzing already preoperatively complicated neuroanatomical relationships, aneurysm location, and 
orientation, followed by an intraoperative application of this knowledge. 

Methods 

Ten patients with confirmed intracranial aneurysms were analyzed. The preoperative CTA images were selected 
besides corresponding frontal and lateral preoperative DSA images. Using the Image Fusion Angio Element 
(Brainlab, Munich, Germany), various regions of interest for image fusion could be used (all vessels or limited to 
left / right carotid artery). The 3D CTA image was superimposed as a maximum intensity projection over the 2D 
DSA image and was manually adjusted in orientation and size followed by automated registration to allow for 
optimal registration accuracy, with as many adaptions and repetitions of the process as needed. 

Results 

2D-3D image registration could be successfully performed in all cases. The mean time needed for fusion of the 
lateral and frontal projection data onto CTA data sets was 16.57 minutes ± 2.39 minutes [12.25 minutes; 20.33 
minutes]. In all cases multiple adaptions of the registration process were needed. In combination with 
intraoperative patient registration this enabled navigation in projection data, especially useful in cases where the 
aneurysm might not be clearly seen in 3D CTA data. 

Conclusion 

Even though up to now moderate time consuming manual alignment and adaption is needed, successful co-
registration of 2D-3D vascular data was performed enabling the integration of angiographic projection data into 
the neuronavigational setup. Even though the use in aneurysm surgery might be limited this could be of major 
interest in surgical treatment of vascular malformations, additionally enabling information about flow dynamics 
in the cranial planning procedure but also the intraoperative application. 
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Analyse der Brain natriuretic peptide Serumspiegel bei aneurysmatischer Subarachnoidalblutung und deren 
Zusammenhang mit der verzögerten zerebralen Ischämie 
Analysis of brain natriuretic peptide serum levels in aneurysmatic subarachnoid haemorrhage and their 
relationship with delayed cerebral ischemia 
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Objective 

The role of brain natriuretic peptide (BNP) serum levels on admission in the prediction of delayed cerebral 
ischemia (DCI) after aneurysmal subarachnoid hemorrhage (aSAH) remains to date controversial. Prospective 
data are lacking and secretion pattern of BNP after aSAH is still unknown. This study aimed therefore to 
prospectively assess BNP levels and investigate their relation to DCI. 

Methods 

Patients with aSAH who were admitted in the authors' institution between July 2016 and June 2021 and who 
initially did not have any history of chronic heart/kidney failure were enrolled in this prospective observational 
study. BNP was measured at admission. Time between ictus and BNP sampling (TIS) was assessed in hours (h), 
then split in five categories (<3h, 3-6h, 6-12h, 12-24h, and ≥24h). Admission variables including patients' clinical 
(Hunt-Hess, World Federation of Neurosurgical Surgeons, and Fisher grading scales) and radiographic (acute 
hydrocephalus, intracerebral [ICH], and intraventricular [IVH] hemorrhages) characteristics as well as the 
occurrence of DCI and cerebral vasospasm (CVS) were documented. 

Results 

In total, 169 patients were included (median age: 57 years). Median BNP was in the TIS-categories 42.0, 44.2, 
48.9, 120.4, and 97.9 pg/ml, respectively. A statistically significant increase in median BNP was observed at a TIS-
cutoff=12h (101.6 vs. 44.4 pg/ml, p=0.0005). Individuals with higher aSAH burden (Fisher grades 3/4=60.1 vs. 
grades 1/2=31.3 pg/ml, p=0.036), acute hydrocephalus (67.5 vs. 44.3 pg/ml, p=0.043), and IVH (64 vs. 46.5 
pg/ml, p=0.068) showed higher BNP levels at admission. After adjusting for several confounders (age, 
comorbidities, and TIS), a hierarchical multiple regression showed that IVH (p=0.042) was an independent 
predictor of BNP increase. Finally, no statistical association was found between BNP and DCI/VCS. 

Conclusion 

In patients with aSAH, BNP levels rise from a TIS of 12h and this increase seems to be related to IVH. 
Interestingly, no association was observed between BNP at admission and DCI risk after aSAH. 
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Objective 

Spontaneous aneurysmatic subarachnoid hemorrhage (SAH) attributes to early mortality and carries a high risk 
of long-term disability. A correlation between temperature variation and SAH incidence has been reported. 
However, the relation to Global Horizontal Irradiation has not been analyzed yet. Global Horizontal Irradiation 
presents the amount of radiation directed to horizontal surfaces of the Earth. The objective of this study is to 
examine whether SAH incidence correlates to Global Horizontal Irradiation as well as to known meteorological 
parameters such as outside temperature and sun exposure. 

Methods 

SAH incidences from 29 countries were extracted from 75 studies based on a recent meta-analysis of our 
working group. Data for Global Horizontal Irradiation was obtained from the Global Solar Atlas, a solar resource 
database provided by the World Bank Group. Sun exposure and temperature values were obtained from the 
Open Source Data of the German Meteorological Service. Statistical analysis of the data was performed with R 
Studio (R Version 4.1.2; Boston, USA). 

Results 

Mean crude SAH incidence per 100.000 person-years in 29 countries was 7.93 + 4.25 SD with an average of 
1587.14 kWh/m2+ 440.7 SD of Global Horizontal Irradiation. Annual sun exposure and temperature were 190.03 
hours per month + 20.68 SD and 16.45°C + 4.21 SD. The correlation analysis showed a significant negative 
correlation between crude SAH incidence and Global Horizontal Irradiation (p=0.02) as well as average global 
temperatures (p=0.02). Sun exposure did not correlate significantly with SAH incidence (p=0.07). 

Conclusion 

In this study, the SAH incidence correlated significantly with Global Horizontal Irradiation in accordance 
with seasonal parameters such as outside temperatures. However, SAH incidences are underreported especially 
in emerging and developing countries. Future neurovascular research should include data collection on a more 
global level and might benefit from further data analysis of meteorological parameters including solar power and 
temperature changes with regards to ongoing climate change. 

 
 



 

461 

 

Vaskuläre Neurochirurgie – SAB/Vascular neurosurgery – SAH 

J-HSNC05 

 
Frühchirurgische Eingriffe bei Patienten mit minderwertigen aneurysmatischen Subarachnoidalblutungen: 
Erfahrung in einzige Einrichtung 
Early surgery in patients suffering poor-grade aneurysmal subarachnoid haemorrhage – a single institution 
experience 

X. Lambrianou1, A. Tasiou1, C. Tzerefos1, A. Tzannis1, A. Kalogeras1, M. Karagianni1, T. Spiliotopoulos1, G. 
Fotakopoulos1, K. N. Fountas1 

1University Hospital of Larissa, Neurosurgery Department, Larissa, Griechenland 

Objective 

It is well known that rupture of an intracranial aneurysm constitutes the most common cause of spontaneous 
subarachnoid hemorrhage (sSAH). Poor-grade aneurysmal SAH (aSAH) patients are characterized by increased 
morbidity and mortality. In our current communication, we present our results regarding the outcome of poor-
aSAH patients. 

Methods 

Fifty-one patients (26M and 25F) were included in our retrospective study (January 2009 - October 2021). 
Patients were divided into two groups: Group A with good Hunt & Hess grade (33.3%), and Group B with poor 
grade (66.6%). The mean age was 55.8 years (range 25-75). All participants with CT-established diagnosis of 
sSAH, underwent CT angiography for identification of the source of hemorrhage. The severity of sSAH was 
assessed with the Fisher scale. Digital subtraction angiography was performed in limited number of patients 
(13.7%). All patients suffering poor aSAH, were surgically treated. Their clinical outcome was evaluated by 
applying the Glasgow Outcome Scale (GOS). Our mean follow-up time was 20.4 months (range 2-144). 

Results 

Poor-grade patients (H-H grade IV, or V) were 34 (66.6%). Twenty-eight of these patients (54.9%) were surgically 
treated within 24h postictus. Twenty-seven out of them were Fisher grade 4 (96.4%). Overall, the six-month 
postoperative outcome in poor aSAH group was favorable (GOS 4 or 5) in 15 patients (44.1%), while an 
unfavorable outcome occurred in 19 (55.9%). The mortality rate in poor aSAH group was 47% (16 patients). The 
most common cause of death was septicemia. 

Conclusion 

It is widely accepted that severe aSAH constitutes a devastating disease. However, our current data indicate that 
even poor-grade patients may achieve favorable outcome with early operative intervention. A larger volume 
series is necessary for accurately outlining the prognosis of patients suffering poor aSAH, and also for identifying 
those parameters, which could predict good outcome with early surgical intervention. 
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Endovaskuläre Behandlung von nicht rupturierten spindelförmigen Hirnaneurysmen mit Flow-Diverter Stents: 
case series 
Endovascular treatment of unruptured fusiform brain aneurysms using Flow-diverter stents – case series 

V. Panagiotopoulos1, M. Papageorgakopoulou1, D. Katagi1, A. Theofanopoulos1, C. Constantoyannis1, P. 
Zampakis2 

1University Hospital of Patras, Department of Neurosurgery / Endovascular Neurosurgery, Patra, Griechenland 
2University Hospital of Patras, Interventional Neuroradiology, Patra, Griechenland 

Objective 

Fusiform intracranial aneurysms are non-saccular, spindle-shaped aneurysms which are defined as a 
circumferantial dilation of an artery without the presence of a distinct neck. Fusiform aneurysms have 
unfavourable outcomes with a mortality rate of 30% and a rupture risk of 3% per year if left untreated. The aim 
of this study is to present a single -center"s experience in Noth-Western Greece with the use of flow diverters 
for the treatment of fusiform intracranial aneurysms and provide evidence of the efficacy and safety of this 
neurovascular procedure. 

Methods 

We analyzed retrospectively 3 patients with unruptured fusiform intracranial aneurysms treated with flow-
diverter stents. Occlusion rates, neurologic morbidity/mortality, and other clinical variables were analyzed. 

Results 

Three patients with three fusiform aneurysms were treated with a flow diverter stents. One aneurysm was 
located in the internal carotid artery, one in the right middle cerebral artery and one in the right vertebral artery. 
Angiographic and clinical follow-up was available for all aneurysms 12 months after embolization. All three 
aneurysms have been completely occluded. Slight hemiparesis due to post-embolization ischemic stroke 
occurred in one patient who recovered completely. Neurologic mortality rate was 0%. 

Conclusion 

Based on our clinical experience, endovascular treatment with flow diverter stents seems to be a feasible and 
efficient treatment option for unruptured fusiform brain aneurysms. Further studies with larger cohorts should 
be performed in order to evaluate the safety and efficacy of this method. 
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Einfluss der Krankheitslast aufgrund von Komorbiditäten auf die Prognose von Patienten mit aneurysmatischer 
Subarachnoidalblutung 
Impact of disease burden on outcome in patients with aneurysmal subarachnoid haemorrhage 

V. Malinova1, S. Tuzi1, B. Kranawetter1, O. Mörer2, V. Rohde1, D. Mielke1 

1Universitätsmedizin Göttingen, Neurochirurgische Klinik, Göttingen, Deutschland 
2Universitätsmedizin Göttingen, Anästhesiologie, Göttingen, Deutschland 

Objective 

Several factors such as age and delayed cerebral ischemia (DCI) have been already identified as outcome 
determinants after aneurysmal subarachnoid hemorrhage (aSAH). In the last years, a growing evidence has 
evolved pointing out that aSAH should be rather regarded as a systemic disease affecting multiple organ systems 
than as injury restricted to the brain. Hence, the presence of comorbidities and the extracerebral organ 
functions at the time of aSAH diagnosis are gaining an increasing importance for early outcome prediction in 
aSAH patients. The aim of this study was to evaluate the impact of disease burden on in-hospital mortality and 
functional outcome after aSAH. 

Methods 

A retrospective analysis of a consecutive patient cohort with aSAH treated from 2012 to 2020 was performed. 
The disease burden at the time of diagnosis was evaluated applying the Charlson Comorbidity Index (CCI), the 
ASA Physical Status System (ASA) on the one side and the assessment of organ function according to the 
Simplified Acute Physiology Score (SAPS II) 24 hours after admission on the other side. Functional outcome was 
assessed using the modified Rankin scale (mRS) at 3 months follow up. 

Results 

A total of 315 patients with mean age of 55.6 years and a good WFNS-grade (I-III) in 58.7% (185/315) were 
included. The mean mRS after 3 months was 1.6±1.9. Significant comorbidities (CCI > 3) were found in 26% 
(82/315) of the patients. Significant physical performance impairment (ASA 3-5) had 46.7% (147/315) of all 
patients. All three scores correlated significantly with functional outcome (p<0.0001). The best performance 
predicting functional outcome showed SAPS II (AUC 0.74), followed by ASA (AUC 0.65), and the CCI (AUC 0.64). A 
SAPS II cut-off value of 28 could significantly discriminate patients with good from those with poor outcome 
(mRS > 3), with a mortality rate of 2.8% in the group with SAPS II < 28 compared to 11.8% in the group with SAPS 
II >=28 (p<0.0001). The DCI-incidence did not differ significantly between the two groups (16.7% vs 22.1%, 
p=0.22). 

Conclusion 

The disease burden encompassing the comorbidities on the one side and the organs function at aSAH 
presentation on the other side significantly impacted the outcome of the patients at 3 months follow-up, 
independently of the DCI incidence. These results support the hypothesis that aSAH should be regarded as a 
systemic disease and highlight the necessity of integration of multiple organ function in the early outcome 
prediction after aSAH. 
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Intraluminale Beurteilung von Entzündungsfaktoren bei Patienten mit intrakraniellem Aneurysma 
Intraluminal assessment of inflammatory factors in patients with intracranial aneurysm 

S. Boulieris1, P. Zampakis2, I. Panagoulias3, A. Mouzaki3, C. Constantoyannis1, V. Panagiotopoulos4 

1University Hospital of Patras, Department of Neurosurgery, Patra, Griechenland 
2University Hospital of Patras, Interventional Neuroradiology, Patra, Griechenland 
3University Hospital of Patras, Laboratory of Immunohematology, Division of Hematology,Department of Internal Medicine, Patra, 
Griechenland 
4University Hospital of Patras, Department of Neurosurgery / Endovascular Neurosurgery, Patra, Griechenland 

Objective 

The formation, growth and rupture of intracranial aneurysm (IA) is the result of many different factors and 
pathophysiological mechanisms, including focal hemodynamic injury and inflammation of the arterial wall. Our 
aim was to investigate the differences between venous, parent artery and intra-aneurysmal blood in terms of 
levels of inflammatory factors in patients with ruptured (rIA) or unruptured intracranial aneurysms (uIA). 

Methods 

A prospective study was performed in patients who presented with a IA and required endovascular treatment. 
Patients were divided into 2 groups: Group A included patients with uIA and group B included patients with rIA. 
Blood was drawn from 3 sources in each patient: the lumen of the aneurysm sac, the parent artery, and the 
peripheral veins. The concentrations of inflammatory factors C3, C4 (proteins of the complement system), IgG, 
IgM, IgA (antibodies), and CRP were evaluated in our laboratory for each sample. We compared the 
concentrations of inflammatory factors in venous, parent artery and intra-aneurysmal serum samples in each 
group and between the two groups. 

Results 

A total of 36 patients (15 patients with uIA and 21 patients with rIA) were enrolled in our study within 14 
months. In both groups, C3, C4, IgM, IgG and IgA showed a gradual decrease from venous to intraneurysmal 
samples, but only IgG concentrations in the parent artery and intra-aneurysmal samples reached a statistically 
significant decrease in uIA compared to venous samples (p<0.05). Accordingly, C3 and IgG concentrations in the 
intra-aneurysmal samples showed statistically significant decrease in rIA compared to venous samples (p<0.05). 
When comparing the two groups, the results showed a statistically significant increase in CRP concentrations in 
the parent artery and intra-aneurysmal samples from patients with rIA compared to the samples from patients 
with uIA (p<0.001) 

Conclusion 

Our results showed decreased concentrations of C3 and IgG within the aneurysm sac, indicating activation of the 
complement system within the arterial wall. CRP concentrations in the aneurysm sac and in the lumen of the 
parent artery were significantly increased in ruptured aneurysms compared with unruptured aneurysms. These 
findings support the role of an ongoing inflammatory process in both ruptured and unruptured aneurysms 
leading to their growth and rupture. 
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Clipping für zuvor embolisierte rekanalisierte Hirnaneurysmen. Ein Single-Center Erlebnis in Westgriechenland 
Surgical clipping for previously embolised recanalised brain aneurysms – a single centre experience in western 
Greece 

V. Panagiotopoulos1, P. Zampakis2, C. Kattou3, K. Kolios3, Y. Athinodorou3, A. Grzeczinski3, A. Theofanopoulos1, D. 
Papadakos1, C. Constantoyannis1 

1University Hospital of Patras, Department of Neurosurgery / Endovascular Neurosurgery, Patra, Griechenland 
2University Hospital of Patras, Interventional Neuroradiology, Patra, Griechenland 
3University Hospital of Patras, Patra, Griechenland 

Objective 

Endovascular treatment of intracranial aneurysms (IAs) provides less invasiveness and lower morbidity when 
compared to microsurgical clipping. Notwithstanding the fact that coiling has become the default treatment 
option for IAs, data has shown that the long term recurrence rate varies from 15 to 34%. Our study presents our 
single-center experience in surgical clipping of recurrent previously coiled aneurysms. 

Methods 

Retrospective analysis of 6 patients" data and final clinical/angiographic outcome, who underwent surgical 
clipping of IAs following initial endovascular treatment, during the last decade has been performed. 

Results 

Four male and two female patients with previously embolized intracranial aneurysms were additionally treated 
by surgical clipping and were included in our study. Four patients suffered from subarachnoid hemorrhage 
before embolization whereas two patients presented with unruptured aneurysms. Indications for surgical 
clipping included aneurysm recanalization, regrowth or residual neck. Time interval between initial coiling and 
additional surgical intervention ranged from 0 to 19 months.  Postoperatively, all the patients had none or 
minimal neurological symptoms with mRS score <2. 

Conclusion 

Surgical clipping seems to be a feasible and safe technique that may be applied additionally in selected cases of 
previously coiled intracranial aneurysms with recanalization, regrowth and adequate residual neck.  
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Pathophysiologische Veränderungen im Hirnstoffwechsel und Vasospasmus nach aneurysmatischer 
Subarachnoidalblutung – eine prospektive 31-P-MR-Spektroskopie Studie in der subakuten Phase 
Pathophysiological changes in cerbral energy metabolism and vasospasm after aneurysmatic subarachnoid 
haemorrhage – a prospective 31-P-MR-spectroscopy study in the subacute state 

S. A. Treichl1, W. M. Ho1, J. Schönherr1, C. Thomé1, O. Petr1 

1Medizinische Universität Innsbruck, Universitätsklinik für Neurochirurgie, Innsbruck, Österreich 

Objective 

Changes of cerebral energy metabolism after aneurysmal subarachnoid hemorrhage (aSAH) and development of 
DCI might play a crucial role for overall neurological outcome. Phosphorous magnetic resonance spectroscopy 
(31P-MRS) is a molecular-based advanced neuroimaging technique allowing measurements of 
pathophysiological processes and tissue metabolism based on various phosphorous compound metabolites. This 
method may provide objective assessment of secondary changes. The aim of this pilot study was to evaluate 
changes in the subacute state after aSAH and to analyze to effect of vasospasm on cerebral metabolism. 

Methods 

We included patients with aSAH in this prospective study. 31-P-MR-spectrocopy was performed between 6 and 
14 days after SAH. The voxels were selected anterior, media, posterior, and basal ganglia. Relative values of 
phospodiesters (PDE), phospomonoesters (PME), inorganic phosphate (Pi), phosphocreatine (PCr), total 
adenosine triphosphate (α- / β- / γ- ATP) and the ratios PCr/ATP, PCr/Pi, Pi/ATP and PME/PDE were obtained. 
Data were also analysed respecting clinical data and vasospasm. Our data were compared to spectroscopy data 
from an age- and sexmatched control group. 

Results 

31P-MRS was done in 21 patients aged 29 to 67 and the data was compared to 21 healthy controls. We found 
significant changes of energy metabolism and membrane turnover compared to the acute state and healthy 
control group. ATP synthesis and degradation were significant impaired as well as energy demand of the brain 
tissue. The effect was much more pronounced in patients with vasospasm. 

Conclusion 

31P-MRS is a non-invasive imaging tool for the assessment of tissue metabolism and showed significant changes 
of energy metabolism and membrane turnover in the subacute state after aSAH. Vasospasm seems to have an 
impact on energy metabolism. 
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Vergleich der Lebensqualität nach Clipping unrupturierter Aneurysmen und Clipping mit leichtgradigen 
Subarachnoidalblutungen 
Quality of life comparison after clipping of unruptured and low-grade subarachnoid haemorrhage aneurysms 

M. Lehmann1, D. Podlesek1, S. B. Sobottka1, M. Kirsch2, G. Schackert1, W. H. Polanski1 

1Carl Gustav Carus Universitätsklinikum, TU Dresden, Klinik und Poliklinik für Neurochirurgie, Dresden, Deutschland 
2Asklepios Kliniken Schildautal, Klinik für Neurochirurgie, Seesen, Deutschland 

Objective 

Clipping of intracranial aneurysms is a well-established treatment for unruptured and ruptured aneurysms in 
neurosurgery. The aim of the study was to investigate whether there are differences in outcome between 
patients clipped on incidental and those clipped on ruptured aneurysms with low grade subarachnoid 
hemorrhage (SAH; Hunt & Hess grade 1 and 2). 

Methods 

Hundred-and-four patients with low grade SAH H&H grade 1 and 2 and 130 patients with electively clipped (EC) 
aneurysms were included in the study. Patients' characteristics, comorbidities, treatment related complications 
and outcome were collected from the electronic medical records. In addition, the outcome data of 53 patients 
with SAH and 67 EC patients were gathered via phone interview. Quality of life was assessed on the Glasgow 
Outcome Scale Extended (GOSE), the modified Rankin Scale (mRS) and the grading system of the World 
Federation of Neurosurgical Societies (WFNS). Statistics were performed by using Pearson's chi-square test, 
Mann-Whitney U test and Kruskal-Wallis test in uni- and multivariate analysis. 

Results 

The median age of EC and SAH patients H&H grade 1 and 2 was 60.0 vs 53.2 years. The gender distribution was 
2:1 female to male ratio in both groups. The number of comorbidities was higher in the EC group: hypertension 
(71.5% vs. 45.2%) and nicotine consumption (37.7% vs. 14.4%). EC patients developed less complications than 
SAH patients: hydrocephalus (1.5% vs. 48.1%) and vasospasm (10.0% vs. 41.3%). 70-90% of EC patients showed 
little to no afflictions in the used outcome scores compared to low-grade SAH patients (table 1). There was no 
change in quality of life after a median follow-up time of 6.4 years (SAH) and 5.7 years (EC). Independent risk 
factors for a poor outcome in daily life (1-4 points in the GOSE) are shown in table 2.     

Conclusion 

Clipping of unruptured aneurysms causes less afflictions in everyday life. The overall outcome is better after EC 
than after low-grade SAH aneurysm clipping. Even a mild SAH can lead to severe complications with quality of 
life restrictions. 
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Der S-Score ist ein Tool zur frühen Prognoseeinschätzung des neurologischen Outcomes bei Patienten mit 
aneurysmatischer Subarachnoidalblutung 
The S-Score is a tool for early prediction of neurological outcome in patients with aneurysmatic subarachnoid 
haemorrhage 

M. Grutza1, J. Walter1, A. W. Unterberg1, K. Zweckberger1 

1Universitätsklinikum Heidelberg, Neurochirurgische Klinik, Heidelberg, Deutschland 

Objective 

Aneurysmatic subarachnoid hemorrhage (aSAH) is frequently associated with a prolonged stay on the intensive 
care unit (ICU) and poor prognosis, which generates the need of early predictors of clinical course and functional 
outcome in order to improve treatment decisions and counselling of pantients and their relatives.  As delayed 
cerebral ischemia is a major contributor to unfavorable outcome and usually occurs relatively early within the 
ICU stay, we designed a grading score, the S-Score, which is based on the extent of vasospasm and evaluated its 
correlation with clinical outcome. 

Methods 

In total, 204 patients with aSAH and digital subtraction angiographies performed before and at least once after 
the aneurysm securing procedure were included in our study. The S-Score was analysed based on the severity of 
angiographic cerebral vasospasm in the anterior, medial and posterior cerebral arteries (ACA, MCA and PCA) as 
well as the internal carotid and basilar artery (ACI and BA). One, two and three Points were awarded for vessel 
narrowings of <30%, 30%-50% or >50%, respectively. Points awarded for spasms in A1, M1, P1, ACI and BA were 
multiplied by 2. The total score was obtained by adding the determined values. The primary outcome parameter 
was a modified Rankin Score (MRS) >3 at the first follow up (15,5 Months+/-0,75). Spearman Correlation and 
Receiver Operating Characteristic (ROC) analyses were used to assess predictive value and to determine optimal 
cut-off scores. 

Results 

Unfavorable outcome occurred in 139 (69%) patients at ICU discharge and 75 (38%) patients at the first follow 
up.  Spearman Correlation analysis showed a significant correlation between higher S-Scores and poor outcome 
at ICU discharge (p=0,001) and at the first follow up (p=0,001). ROC analysis revealed an area under the curve 
(AUC) for the correlation of unfavorable outcome at the first follow up and the S-Score of 0,79 (95% confidence 
interval [CI] 0.73-0.87). Using an S-Score cut-off of, e.g., 10 points yielded a sensitivity of 75,4% and a specificity 
of 74,7 %.  

Conclusion 

This study demonstrates, that higher S-Scores are associated with poor functional outcome in patients with 
aSAH; therefore, it could be a valuable tool for guiding of treatment decisions  and  counselling of patients and 
their relatives in the acute phase after aSAH. 
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Operative Behandlung von Arteria communicans anterior Aneurysmata: Risikofaktoren und Prädiktoren für 
klinisches Outcome 
Surgical treatment of anterior communicating artery aneurysms – Risk factors and predictors for postoperative 
clinical outcome 

C. Preuss-Hernandez1, P. Geiger1, A. Krigers1, C. Thomé1, O. Petr1 

1Medizinische Universität Innsbruck, Universitätsklinik für Neurochirurgie, Innsbruck, Österreich 

Objective 

The surgical treatment of anterior communicating artery aneurysm is widely performed. However, the 
postoperative low performance score stays a common problem. We analyzed various risk factors and their 
potential influence on postoperative outcome. 

Methods 

All cases of surgically treated ACOM aneurysms from 2010 to 2020 were retrospectively analyzed. Demographic, 
clinical, radiological and follow-up data including all known vascular risk factors were retrospectively collected. 
Favorable outcome was defined as mRS score 0-2 and unfavorable outcome as 3-6. 

Results 

Favorable outcome was observed in 135 (83%) and unfavorable outcome in 27 (17%) patients after our mean 
follow-up of 20.0 months (CI95 16.1-23.8). 

Arterial hypertension (p=0.002), age (p=0.002), aneurysm size (p=0.013), cerebral vasospasm (p=0.001), delayed 
cerebral ischemia (p<0.001) and subarachnoid hemorrhage (p<0.001) caused significantly higher odds for 
unfavorable clinical outcome. TAO, intraoperative aneurysm rupture, gender and smoking did not correlate with 
clinical outcome. 

In multivariate logistic regression considering significant factors of monovariate analysis, every 10 years of age 
provided 7% additional odds (OR 1.070/year, CI95 1.015-1.127, p=0.011), each SAH Hunt & Hess grade provided 
99% additional odds (OR 1.992/grade, CI95 1.281-2.857, p<0.001) and each millimeter of aneurysm size 
independently provided 20% additional odds for unfavorable outcome (OR 1.200/mm, CI95 1.011-1.427, 
p<0.001). 

Conclusion 

Higher grade of SAH, larger aneurysm and age appear to be independent predictors for unfavorable clinical 
outcome. Arterial hypertension as an environmental factor showed also detrimental impact on clinical outcome 
while smoking was irrelevant. The appropriate patient selection for surgical treatment is crucial for favorable 
outcome. 
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Endoskopische Ventrikulocisternostomie und elektromagnetisch-navigierte Biopsie von Tumoren im dritten 
Ventrikel im Kindesalter 
Endoscopic third ventriculostomy combined with biopsy for tumours adjacent to the third ventricle using 
electromagnetic-navigation in pediatric neurosurgery 

E. J. Hermann1, M. P. Polemikos1, V. Avazov1, J. K. Krauss1 

1Medizinische Hochschule Hannover, Klinik für Neurochirurgie, Hannover, Deutschland 

Objective 

Tumors adjacent to the third ventricle in the pediatric population are challenging both for diagnosis and 
treatment or may cause occlusive hydrocephalus. Such tumors are often not accessible for open surgery, 
however, a histopathological diagnosis is warranted. Here we present our surgical technique combining 
endoscopic electromagnetic (EM)-guided third ventriculostomy and tumor biopsy using a single burr hole. 

Methods 

Over a 10-year period a total of 236 pediatric patients with brain tumors underwent surgery. In 10 patients (4.2 
%) with occlusive hydrocephalus due to a tumor adjacent to the third ventricle a combined approach for 
ventriculostomy and tumor biopsy with EM-guidance was used. 

Results 

There were 7 male and 3 female patients. Age at surgery was at a mean of 9.8 years (range, 1.6 – 16.6 years). 
Both ventriculostomy and tumor biopsy was achieved in 9 cases without complications. In one instance, biopsy 
could not be performed because the cystic tumor was completely covered by normal tissue and did not reach 
the surface. Biopsy samples allowed a histopathological diagnosis in 8 cases: pilocytic astrocytoma (5 cases), 
PNET (one case), ganglioglioma (one case) and astrocytoma grade II (one case). In one case histolopathological 
diagnosis could not be carried out due to calcification and older bleeding signs of the specimen. Two patients 
needed CSF shunt surgery within months after the combined approach. 

Conclusion 

Endoscopic third ventriculostomy combined with biopsy of tumors adjacent to the third ventricle using EM-
guidance via a single burr hole is safe and efficacious in the pediatric population. 
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Managament sporadischer Vestibularisschwannome bei Kindern – Fallserie und Literaturübersicht 
Management of sporadic vestibular schwannomas in children – case series and review of literature 

J. Zipfel1, M. Gorbachuk1, M. Tatagiba1, M. U. Schuhmann1 

1Universitätsklinikum Tübingen, Klinik für Neurochirurgie, Tübingen, Deutschland 

Objective 

Vestibular schwannomas (VS) usually manifest between the 5th and 8th life decade and are rare tumor in 
children. Most pediatric cases are associated with Neurofibromatosis type 2, sporadic VS are even more rare in 
this age group. Few case series have been published with small patient numbers. Age at diagnosis is around 14-
16 years and tumors tend to be larger than in adults. Some authors report on very large and highly vascularized 
tumors but due to small numbers, generalization of observations is difficult. We report on the largest case series 
of sporadic VS in children and discuss our observation with recent literature. 

Methods 

We included all patients between 2003 and 2021 who underwent surgery in our institution for a VS. 1635 
patients were identified and of these, 28 patients who were younger than 21 years of age at the time of 
diagnosis with a sporadic tumor were included for further analysis. A retrospective review of all clinical 
parameters and surgical data as well as outcomes was performed. All procedures were performed via 
retrosigmoid approach. Preoperative MRI"s and CT scans were assessed and tumor volumetry was performed. 
Institutional board approval was granted. 

Results 

Mean follow-up was 28 months, symptomatology was diverse. Most children presented with hearing loss and 
tinnitus. All cases with preoperatively performed repeated MRI scans showed volumetric growth between 1 and 
18%/month (0.02cm3/month). Cystic tumor morphology and bone arosion is mostly seen with larger tumors. 
Gross total resection was possible in 78% and no recurrence was observed. All patients with subtotal resection 
showed tumor regrowth. 

Conclusion 

In conclusion, sporadic VS in children are very rare and present with a high clinical variability. Surgical resection is 
the primary therapy and is feasible with comparable results as in the adult age group Complication rate was low.  
Retrosigmoid craniotomy for VS in children is safe and feasible. GTR should be the goal of surgical intervention if 
feasible as STR does not lead to stable disease. 
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Expression von YAP und TAZ in gutartigen pädiatrischen Hirntumoren, insbesondere Plexuspapillomen 
YAP and TAZ expression in benign pediatric brain tumours with high levels in choroid plexus papillomas 

L. Hero1, R. Goldbrunner2, M. Timmer3 

1Universitätsklinikum Köln, Klinik für Neurochirurgie, Köln, Deutschland 
2Universitätsklinikum Köln, Klinik für Neurochirurgie, Köln, Deutschland 
3Universitätsklinikum Köln, Klinik für Neurochirurgie, Köln, Deutschland 

Objective 

YAP and TAZ as down-stream effectors of the hippo pathway play a role in tumorigenesis, tumor progression and 
metastasis in different tumor entities, among these malign and benign brain tumors. Our goal was to examine 
YAP and TAZ expression in different pediatric low grade brain tumors. 

Methods 

Tumor and control tissues were collected during neurosurgical resection and classified with WHO 2007 
classification. YAP and TAZ expression were investigated via PCR and Western Blotting in benign pediatric brain 
tumors. Diagnoses included dysembryoplastic neuroepithelial tumor (DNET, n=3), choroid plexus papilloma 
(n=6), ganglioglioma (n=6), neurofibroma (n=4) and craniopharyngioma (n=5). 

Results 

TAZ protein expression was significantly higher in choroid plexus papilloma compared to control tissue (z=2.582, 
adjusted p=0.0491, Kruskal Wallis test) and DNET (z=3.012, adjusted p=0.0259, Kruskal Wallis test). Western Blot 
bar marks of YAP and TAZ were also intensified in contrast to high-grade medulloblastoma and glioblastoma (no 
quantitative data). mRNA expression of YAP showed significant difference in choroid plexus papilloma compared 
to control tissue (z=2.969, adjusted p=0.0149, Kruskal Wallis test), DNET (z=3.100, adjusted p=0.0194, Kruskal 
Wallis test) and ganglioglioma (z=3.674, adjusted p=0.0024, Kruskal Wallis test). TAZ mRNA was also high 
expressed in ganglioglioma and neurofibroma compared to control group (z=3.3138, adjusted p=0.0085 and 
z=3.744, adjusted p=0.0009, Kruskal Wallis test). Neurofibroma group also showed significantly higher gene 
expression compared to every other group (DNET: q=5.107, adjusted p=0.0150; CPP: q=6.305, adjusted 
p=0.0025; GG: q=4.285, adjusted p=0.0494; CP: q=5.424, adjusted p=0.0093; One-way ANOVA). 

Conclusion 

Higher expression rates of YAP and TAZ could indicate a possible role of the Hippo pathway effectors in 
tumorigenesis of choroid plexus papilloma, ganglioglioma and neurofibroma. 
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Objective 

Brain tumors from different age groups come with variable characteristics. They differ in their molecular 
characteristics and in the patient"s outcome. Yes-associated Protein (YAP) and the homologous protein 
Transcriptional Co-Activator With PDZ-Binding Motif (TAZ) are transcriptional co-activators and control 
proliferation and apoptosis of the cell. It was exhibited, that YAP and TAZ have an impact on proliferation, 
invasion and metastasis of cancer cells and thereby affect the tumorigenesis and survival of patients. There is 
evidence, that YAP and TAZ play a role in both pediatric and adult brain tumors, especially gliomas. In young 
adults these tumors in general show variable molecular structures, coming not only from adult, but also from 
pediatric brain tumors. 

Methods 

We analyzed a total of 63 patients divided into three cohorts by age. Patients from the pediatric group were not 
older than 18 years, young adults are defined from 18 to 25 years and the adult group contains patients older 
than 25 years. After neurosurgical resection diagnoses including pilocytic astrocytoma (WHO Grade, n=28), 
ependymoma (EPN, n=25), medulloblastoma (MED, n=20) and glioblastoma multiforme (GBM, n=24) were 
histologically assessed and classified with WHO 2007 classification. Levels of YAP and TAZ gene and protein 
expression were measured via PCR and Western Blotting. 

Results 

In pilocytic astrocytoma YAP mRNA expression shows significantly higher rates in the adult group than in the 
pediatric group (z=3.828, adjusted p=0.0004, Kruskal Wallis test). There is a tendency of higher YAP mRNA levels 
with increasing age, which however is not significant. YAP protein expression also shows the tendency of higher 
expression in the adult group. We found high mRNA expression of YAP and TAZ in pediatric ependymoma. TAZ 
mRNA expression was significant to both young adults (z=3.083, adjusted p=0.0061, Kruskal Wallis test) and the 
adult group (z=3.794, adjusted p=0.0004, Kruskal Wallis test). YAP and TAZ expression levels in medulloblastoma 
tend to increase with older age. Both YAP and TAZ mRNA expression in the adult group is thereby significant 
compared to the pediatric group (YAP: z=3.087, adjusted p=0.0061, Kruskal Wallis test; TAZ: q=4.095, adjusted 
p=0.0258). 

Conclusion 

Differences in expression rates of YAP and TAZ could display a possible reason for the variable outcome between 
the three cohorts. 
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Zerebellärer Mutismus nach Resektionen in der hinteren Schädelgrube bei Kindern, unsere Erfahrung über die 
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Cerebellar mutism following posterior fossa surgery in children – what we have learnt over the last 10 years 
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Objective 

The aim is to present our institutional experience with resection of posterior fossa tumors in children with focus 
on the incidence of cerebellar mutism syndrome (CMS) postoperatively and to analyze its association with 
multiple risk factors, such as tumor entity, size and location, surgical approach, usage of ultrasonic cavitation 
device and hydrocephalus. 

Methods 

All pediatric patients, who received a tumor resection in the posterior fossa between January 2010 and March 
2021 were included for retrospective analysis. Various data points, including demographic, tumor-associated, 
clinical, radiological, surgery-associated, complications and follow-up data were collected and statistically 
evaluated for association with CMS. 

Results 

60 patients were included with a median age of 7,5 years (range 0-18). Integrated histopathology showed 26 
pilocytic astrocytomas (43%), 18 medulloblastomas (29%) 6 anaplastic ependymomas (9%) and 10 other tumor 
entities (17%). Average tumor volume was 29 (+/-25.2) cm3. Complete resection was achieved in 40 patients 
(67%), 14 patients (23%) underwent subtotal resection and 6 patients (10 %) underwent partial resection. 28 
patients (47%) were operated using a telovelar approach, 5 (8%) using a transvermian approach and 29 (48%) 
using other approaches such as transcerebellar, retrosigmoidal or supracerebellar. 10 patients (17%) developed 
CMS postoperatively, of which 4 out of 28 patients (14%) were operated using a telovelar approach compared to 
3 out of 5 patients (60%) with a transvermian approach. 6 out of 10 patients with CMS were diagnosed with 
medulloblastoma, 3 with pilocytic astrocytoma and one with anaplastic ependymoma. All patients with CMS 
showed marked improvement but with residual neurological symptoms in their follow-up. 43 patients (72%) 
presented with hydrocephalus preoperatively, of which 21 patients (35%) required implantation of a ventriculo-
peritoneal shunt. 

Conclusion 

CMS was often seen after tumor resection via transvermian approach. Telovelar approach seems to be safer but 
still carries the risk of development of CMS after surgery but to a lesser extent. Incidence of CMS in our cohort is 
comparable with the incidence reported in literature between 10-20%. High grade of malignancy as in 
medulloblastomas is associated with higher incidence of CMS. 
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Split cord Malformationen bei Kindern: Erkenntinsse aus dem Fall eines Mädchens mit Spina Bifida aperta und 
komplexer spinaler Deformität 
Split cord malformations in children – findings in a girl with spina bifida aperta and complex spinal deformity 
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Objective 

Split cord malformations (SCMI and II) in children and adults  are rare findings and  well-known cause for  
tethered cord syndrome. We expect a wide variety of different forms. When complaints and symptoms occur 
surgery with the goal of untethering the cord is usually indicated. Our last patient is a young girl with a very 
complex spinal deformity, a bony spur originating dorsally and progressive symptoms of cord tethering. We 
present the findings to underline the wide complexity of these malformations. 

Methods 

In preparing the treatment of the child we reviewed our patient group with special focus on the type and 
anatomical origin of the  septum or spur dividing the spinal canal. Clinical, radiological and intraoperative 
findings of the girl were reviewed and compared to neuropathological and neuroradiological  descriptions. 
Follow-up is complete. Data of 10 other patients treated were used for the purpose of comparing different 
 forms of split cord malformation seen by us before. 

Results 

In a   group of 10 patients (8 children and 2 adult patients) operated for diastematomyelia a girl 9 years of age 
was admitted last. She was treated abroad in 2010 for open spina bifida. The girl now suffered from  symptoms 
of cord tethering including pain and progressive motor deficits. First MRI imaging was performed in 2017 but the 
child was not introduced to a neurosurgeon at that time. X-ray, MRI and CT scans in 2020 showed complex 
vertebral deformities and a bony spur was noted  originating dorsally from the dysplastic lamina of L2 and 
extending almost to the  backside of the dysplastic vertebral body. The spur was removed and untethering of the 
cord could be achieved. Postoperative course was uneventful and symptoms are gradually resolving. In a second 
combined operative procedure spinal deformity and kyphoskoliosis were treated few months later. 

Conclusion 

When clear dividing structures in the midline are detected a dorsal approach possibly including laminoplasty may 
be the primary option. In our last patient with a spur dorsally originating from the lamina only a wide dorsal 
opening was effective enough. Surgery for split cord malformations is clearly indicated in symptomatic patients 
but it is a challenging procedure  due to the often widely distorted anatomical structures. 

 
 



 

483 

 

Pädiatrische Neurochirurgie und adulter Hydrozephalus/Paediatric neurosurgery 
and adult hydrocephalus 

P188 

 
Langzeitergebnis bei Hydrocephalus verursacht durch einen Plasminogen-Mangel Typ I mit ventrikulo-biliärer 
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Long-term outcome of hydrocephalus due to plasminogen deficiency type I treated with ventriculo-biliary CSF 
diversion 
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Objective 

While hydrocephalus patients are commonly treated with ventriculo-peritoneal (VP) or ventriculo-atrial (VA) 
shunt systems, recurrent shunt failure may necessitate consideration of alternative CSF-diversion sites. 
Occasionally, CSF diversion into the gallbladder has been reported, but larger patient series and long-term 
experiences are lacking. 

Methods 

We conducted a retrospective chart review on a patient treated with ventriculo-biliary (VB) CSF diversion with a 
long-term follow-up over 19 years under consideration of the current literature. 

Results 

We report the case of a 22 yr old patient with neonatal hydrocephalus occlusus due to pseudomembranous 
adhesions, caused by plasminogen deficiency type I, a rare autosomal recessive hereditary disorder. After failure 
of ventriculocisternostomy and multiple VP shunt revisions in early childhood, the patient developed severe 
ascites and resorption failure of the intraperitoneal cavity at the age of 3. VA shunting was prohibited due to 
thrombophilia, so that the peritoneal shunt catheter was finally placed into the gallbladder. 9 yrs later, the distal 
catheter had to be extended due to growth in body length. After an otherwise clinically stable interval of 18 yrs, 
the patient developed abdominal pain with hydrops of the gallbladder (see figure) with moderate inflammatory 
signs and secondary headache. With presumed cholecystitis secondary to choledocholithiasis, cholecystectomy 
was considered, but finally antibiotic treatment initiated. CSF analysis was not conducted due to patient´s 
refusal. After 5 days of antibiotic treatment, symptoms and gallbladder hydrops resolved completely. Apart from 
infectious complications (in the literature 24% of reported cases), gallbladder atony has previously been 
reported as most common cause for VB shunt failure. 

Conclusion 

While obstructive and infectious complications seem to constitute relevant risks in VB-shunt therapy, CSF 
diversion into the gallbladder may still be a viable treatment option in selected patients, potentially allowing a 
beneficial longterm-outcome. To our knowledge, this is the longest reported follow-up of an adult patient with 
plasminogen typ I deficiency and VB-shunt therapy since early childhood. 
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Objective 

Potential reasons for delayed reoperation after correction of non-syndromic craniosynostosis are raised 
intracranial pressure and suboptimal aesthetic outcome. In addition to the early complication/reoperation rate 
(e.g. due to surgical site infection), the long-term reoperation rate significantly contributes to overall morbidity. 
Here we provide the results of a systematic literature review. 

Methods 

A comprehensive systematic literature search was performed on PubMed, Web of Science and Google Scholar 
for studies reporting late reoperation rate (>30 days after initial surgery) for children with non-syndromic 
craniosynostosis undergoing open or endoscopic surgery. The search results were reviewed according to PRISMA 
methodology and finally 14 studies were included, with sample sizes ranging from 15 to 500 patients. Descriptive 
statistics were performed using Prism 9.0 (GraphPad Software, USA). 

Results 

The pooled analysis comprises 1,824 patients, with 55% (N=998) being treated with open surgical correction and 
45% (N=826) with endoscopic strip craniectomy and adjuvant molding helmet treatment. The overall 
reoperation rate was 13.5% and 10.6% (NS), respectively. Among 10 studies reporting reoperation rates for open 
surgery, 9 studies described raised intracranial pressure (ICP) as the reason for delayed reoperation, and only 1 
study described reoperation for resynostosis without specifying ICP (N=5). Among 4 studies on endoscopic 
surgery, only 1 study explicitly stated raised ICP as the reason for reoperation (N=6), whereas 2 publications 
stated reoperation for resynostosis (N=9) or unclear reason (N=15). Overall delayed reoperation rates ranged 
from 0.95% to 40%, indicating relevant heterogeneity across the studies. Risk of bias analysis revealed significant 
potential bias. 

Conclusion 

In children with non-syndromic craniosynostosis the rate of delayed reoperation is 13.5% for open and 10.6% for 
endoscopic surgery. The main indication for reoperation in published studies is raised intracranial pressure, 
although pooling of data is hampered by bias, missing information and variable definitions (e.g. measured versus 
symptomatic raised ICP). Based on the available literature, the long-term reoperation rate after correction of 
non-syndromic craniosynostosis appears to be independent of the surgical treatment modality. 
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Hydrozephalus bei Erwachsenen – Diagnose, Therapie und Komplikationen bei 158 Patienten 
Hydrocephalus in adults – diagnosis, therapy and complications in 158 patients 
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Objective 

Hydrocephalus can be caused by obstruction leading to restricted liquor flow or by an imbalance of absorption 
and production of cerebrospinal fluid. The aim of this study is to investigate the demographic characteristics of 
adult patients with hydrocephalus, the influence of age, sex, pathogenesis, and type of implants on rate, causes 
and time of revision 

Methods 

A retrospective analysis of medical charts, operative reports, and clinical follow-up visits of 158 patients with 
hydrocephalus treated in our department between 2018 and 2021 was conducted. Demographic parameters, 
type of underlying disease, type of catheters and valves, and number and reason for revision surgery were 
evaluated. Statistical analysis was performed using Kruskal-Wallis-test. P-values 

Results 

The median age of this study cohort was 62.5 years (IQR 25-75: 51-73 years; 89 female, 69 male). The most 
common indications for initial shunt surgery were posthemorrhagic hydrocephalus (36.7%) and normal pressure 
hydrocephalus (NPH) with 20.9%. The two used valve systems were programmable differential pressure valves 
with (10.8%) and without an additional gravitational unit (89.2%). 16% of patients (n=25) required revision 
surgery.  Most common causes of 41 revision surgeries were misplacement of parts of the shunt system with 
28.0 % and mechanic dysfunction with 29.3 %. An infection of shunt system leading to revision surgery was seen 
in only one patient (4%).  

The rate of revision was associated with the type of valve and the etiology of hydrocephalus. Overall, the mean 
number of revisions per year was 0.24±0.72. Patients with additional gravitational units had a significant higher 
number of revisions per year (mean 0.82±1.35) than without an additional gravitational unit (mean 0.17±0.57) 
(p<0.001). Hydrocephalus caused by tumor was also associated with higher revision rates (mean 0.61±1.13/year) 
vs. NPH (mean 0.20±0.76/year; p=0.013) vs. posthemorrhagic hydrocephalus (mean 0.18±0.72/year; p=0.015). 

Furthermore, the median time from initial shunt surgery to revision was 26 days (IQR25-75: 9-64 days). Etiology 
of hydrocephalus, used valve systems and cause of revision showed no significant influence on the distance of 
time. 

Conclusion 

In our study group a higher number of revisions was seen in patients with hydrocephalus caused by tumors and 
differential pressure valves with additional gravitational unit. These results yield to identify more risk factors to 
minimize complications and revision surgeries. 
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Intrakranieller Druck in Patienten mit Normaldruckhydrocephalus und idiopathischer intrakranieller 
Hypertension nach Shuntoperation 
Intracranial pressure in patients with normal pressure hydrocephalus and idiopathic intracranial hypertension 
after shunt surgery 
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Objective 

The characteristics of intracranial pressure (ICP) dynamics in patients after shunt surgery are poorly known. The 
Aesculap-Miethke SensorReservoir - as an integrated ICP measuring device inline in the shunt system - allows for 
postoperative telemetric monitoring of ICP. We present a series of seven patients (NPH)(4) who underwent 
shunt surgery and postoperative assessment of ICP. 

Methods 

Seven patients (3 men, 4 women) with either normal pressure hydrocephalus or idiopathic intracranial 
hypertension (IIH)(3) underwent shunt surgery using the Aesculap-Miethke SensorReservoir. For postoperative 
monitoring of ICP several measurements were performed using the handheld device to read 
the SensorReservoirs data. ICP was recorded with different shunt valve settings. Postural changes such as lying, 
sitting, and standing with different head postures were assessed according to an experimental protocol in a 
randomized order during which the ICP was measured. 

Results 

Both patients with IIH and patients with NPH showed pathological ICP values after shunt surgery. Postural 
changes induced expected ICP responses. Different shunt valve settings had an impact on variances in ICP. 

Conclusion 

Although patients benefit clinically from shunt treatment, ICP dynamics stay variable and sometimes within 
pathological ranges. Further long-term studies are necessary to examine ICP dynamics in shunted patients and to 
support therapeutic decision making. 
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Maßgeschneiderte Therapie für benigne intrakranielle Hypertonie mit Papillenödem bei 
Geschlechtsumwandlung von Frau zu Mann. Wie VP-Shunts vermieden werden können 
Tailored therapy for benign intracranial hypertension with papilledema during female-to-male gender 
reassignment – How VP shunting could be avoided 
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Objective 

Benign intracranial hypertension (BIH) is a rare disorder, presenting with elevated intracranial pressure (ICP), 
headache and a gradual worsening of vision. Predominantly, BIH occurs in overweight women of childbearing 
age leading to the hypothesis that female sex hormones are involved in the pathophysiology of the condition. 
Standard management of BIH includes spinal fluid taps, weight loss and medical therapy with acetazolamide. In 
patients refractory to conservative therapy, ventriculo-peritoneal (VP) shunting is usually performed. The aim of 
the case report is to raise awareness for a rare cause of BIH refractory to standard conservative therapy that did 
not require VP-shunting but a different tailored treatment option. 

Methods 

Case report. 

Results 

A 21-year-old patient with a male phenotype became symptomatic with holocephalic headache, blurred vision 
and papilledema. Five lumbar punctures revealed elevated opening pressures between 40 and 50 cm H2O. After 
exclusion of venous sinus stenosis on MRI, BIH was diagnosed, and the patient was referred to our department 
for VP shunting. Since BIH is an unusual condition in a young male, the patient was questioned about hormone 
intake and then forwarded the information to be a biological female in the process of female-to-male (FTM) 
gender reassignment. Two years prior to symptom onset, he started testosterone injections every three weeks 
with additional usage of testosterone skin cream. Under therapy, he gained a total of 35 kg. At presentation, 
testosterone levels were the upper reference range for men and estradiol was only partially suppressed. Since it 
was assumed that fluctuating testosterone levels and an insufficient suppression of estrogens caused BIH in this 
case, treatment with a gonadotropin releasing hormone analogue (leuprorelinacetate) was initiated to suppress 
ovarian function. Testosterone medication was changed to a daily gel to ensure constant testosterone levels. 
Under this regimen and weight loss, ICP decreased to 25 cm H2O and papilledema improved. 

Conclusion 

It is likely that incomplete suppression of female sex hormones in addition to the surplus of endocrinologically 
active adipose tissue has propagated the development of BIH in this patient. Peripheral enzymatic conversion of 
androgens to estrogens might have constituted a contributing factor. Tailored therapy, by means of which VP-
shunting could be avoided, only became possible because of thorough history taking and interdisciplinary 
knowledge sharing. 
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Chronische longitudinale in vivo Mikroskopie mittels implantierter Rückenmarks-kammer nach experimenteller 
traumatischer Rückenmarksschädigung in der Maus 
An implanted spinal window chamber allows for chronic longitudinal in vivo microscopy following experimental 
spinal cord injury in the mouse 
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Objective 

Longitudinal in vivo microscopy allows for a direct real-time insight into pathophysiological processes in the living 
organism. After experimental Spinal Cord Injury (SCI) it can contribute to a deeper understanding of 
pathophysiological processes and potential therapeutic approaches. The implantation of a spinal window 
chamber enables longitudinal in vivo imaging of the spinal cord without the necessity for repeated surgery. With 
this study, we show the modification of an established spinal window chamber for chronic longitudinal in vivo 
imaging after experimental SCI in the mouse. 

Methods 

Adult C57BL/6J mice (m/f, n=8) underwent low-thoracic (Th11/12) clip-compression SCI using a modified 
aneurysm clip (5g, 60s) or sham-injury (two-level-laminectomy), followed by the implantation of a spinal window 
chamber for later in vivo microscopy. Perioperative antibiotic therapy with amoxicillin and postoperative pain 
medication with buprenorphine was applied. In vivo white light and fluorescence microscopy to image blood 
flow (FITC) and inflammation (Rhodamine-dextran) was performed at postoperative days 1, 3, 7, 14 and 28. 
Additionally, neurobehavioral assessment (Catwalk® automated gait analysis and Basso Mouse Scale) was 
performed at the given time points. Neurobehavioral analysis was compared to specimens (C57BL/6J mice, m/f, 
n=12) with SCI or sham-injury without spinal window chamber implantation. Histological analysis for tissue 
integrity assessment (Luxol-Fast-Blue + H&E) was performed after 28 days follow-up. 

Results 

Chronic longitudinal in vivo white light and fluorescence microscopy was possible up to 28 days postoperatively 
after both SCI and sham injury. Only mild inflammation was observed in individual specimens. Specimens with an 
implanted spinal window chamber did not show differences in automated gait analysis (Catwalk®), Basso Mouse 
Scale, postoperative body weight development or histologically assessed spinal cord integrity compared with 
specimens which received the same surgery without spinal window chamber implantation. 

Conclusion 

The implantation of a spinal window chamber after clip compression SCI in the mouse is feasible and allows for 
longitudinal in vivo imaging up to the chronic injury phase without modifying neurological function or spinal cord 
integrity compared to specimens without chamber implantation. To achieve more detailed in vivo imaging at a 
greater depth, longitudinal two-photon microscopy can be integrated. 
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Nanopartikel (NP) als Transportsysteme zur Therapie des Schädel-Hirn-Traumas: Analyse der zeitlichen 
Aufnahme in Organe und Überwindung der Blut-Hirn-Schranke von vier unterschiedlich funktionalisierten Poly-L-
lactid- und Poly-perfluordecylacrylat-NPs in der Ratte 
Nanoparticles (NP) as transport systems for the treatment of traumatic brain injury – analysis of the temporal 
uptake in organs and overcoming the blood-brain barrier of four differently functionalised poly-L-lactide- and 
poly-perfluorodecyl acrylate–NPs in the rat 
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Objective 

A growing interest exists in using polymeric nanoparticles (NPs) especially functionalized with surface-active 
substances as carriers across the blood-brain barrier (BBB) for potentially effective drugs in traumatic brain 
injury (TBI). However, a matter requiring further research remains the organ distribution of intravenous 
administrated biodegradable and non-biodegradable NPs coated with different surfactants. Furthermore, how 
much of the administrated dose reaches the brain parenchyma in areas with intact and opened BBB after 
trauma, as well as whether they elicit an inflammatory response is still to be clarified. 

Methods 

The organ distribution, brain penetration, and eventual inflammatory activation of polysorbate-80 (Tw80) and 
sodium-lauryl-sulfate (SDS) coated poly l-lactide (PLLA), and perfluorodecyl acrylate (PFDL) nanoparticles were 
evaluated after intravenous administration in rats prior to and after undergoing controlled cortical impact (CCI). 

Results 

A significant NP uptake at 4and 24 hs was observed in the liver and spleen, followed by the brain and kidney, 
with minimal concentrations in the lungs and heart for all NPs. After CCI, a significant increase of NP uptake at 
4hs and 24 hs was observed within the traumatized hemisphere, especially in the perilesional area. However, 
NPs were still found in areas away from CCI and the contralateral hemisphere in similar concentrations as in a 
non-CCI subject. NPs were localized in neurons, glial and endovascular cells. Immunohistochemical staining 
against GFAP, Iba1, TNFα, and IL1β demonstrated no glial activation or neuroinflammatory changes. 

Conclusion 

Tw80 and SDS coated biodegradable (PLLA), and non-biodegadrable (PFDL) NPs reach the brain parenchyma in 
both areas of the traumatized and undamaged brain with intact BBB, even though a high amount of them is 
retained in the liver and the spleen. No inflammatory reaction is elicited by these NPs within 24 hs after 
application. 
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Chemogenetische Kontrolle der Aktivität von Mikroschaltkreisen bei Neurotrauma: Neuroprotektion und neuro-
glialer Crosstalk 
Chemogenetic control of microcircuit activity in neurotrauma – neuroprotection and neuro-glial crosstalk 

A. Froehlich1, A. Chandrasekar1, F. olde Heuvel1, R. Rehman1, S. Li1, M. C. Morganti-Kossmann2, F. Roselli1,3 

1Universitätsklinikum Ulm, Neurology, Ulm, Deutschland 
2The Alfred Hospital, Melbourne, Australien 
3German Center for Neurodegenerative Diseases, Ulm, Deutschland 

Objective 

To determine if chemogenetic control of neuronal microcircuitry modulates neuronal vulnerability and 
neuroinflammation in Traumatic Brain Injury (TBI) 

Methods 

We have used PSAM(Gly), PSAM(5HT and DREADD(Gq) chemogenetic systems to control the excitation of 
principal neurons and cortical microcircuits in a murine model of TBI. We have used genetically-encoded Calcium 
buffers to interfere with neuronal nuclear Calcium signaling. 

Results 

We demonstrated that PSAM-Gly-mediated inactivation of PV interneurons, applied in a limited time window 
after TBI, enhances the survival of principal neurons. This intervention is effective only when delivered within 
24h of the trauma and it is associated with reduced astrogliosis. Conversely, PSAM-5HT-mediated over-
activation of PV interneurons significantly worsens the secondary injury in the penumbra  and increases 
astroglial scarring. However, complete depletion of PV interneurons generates a massive neuronal loss. Likewise, 
DREADD-Gq stimulation of principal neurons enhances the survival of cells in the penumbra, but activation of 
projecting axons from other cortical areas is ineffective. We used virus-delivered buffers of neuronal nuclear 
calcium to show that suppression of activity-related signals nuclear calcium and nuclear Ca/Calmodulin signals 
induce a massive increase in microglial reactivity with a Disease-Associated Microglia-like phenotype and is 
associated with a microglia-mediated synapse elimination and worse acute impairment. Transcriptome analysis 
new mediators of activity-dependent neuro-glial cross-talk; in particular, re-expression of osteoprotegerin in 
neurons is sufficient to reduce microglial reactivity and limit synaptic loss. Osteoprotegerin levels are elevated in 
the CSF of human TBI patients, indicating the translational value of our observations. 

Conclusion 

Chemogenetic manipulations of neuronal excitation in TBI demonstrate the need for neuronal activity to 
enhance neuronal survival and limit neuroinflammatory responses to brain damage. Thus, sustaining neuronal 
activity in the penumbra may constitute a new goal in acute neurotrauma treatment. 
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Isolierung und Charakterisierung von aus neuralen Vorläuferzellen gewonnenen Exosomen für den potenziellen 
Einsatz in der Therapie der traumatischen Rückenmarksverletzung  
Isolation and characterisation of neuronal precursor cell-derived exosomes for potential use in the treatment of 
traumatic spinal cord injury 

H. Wang1, G. Zheng1, M. Hatami2, T. Skutella2, A. W. Unterberg1, K. Zweckberger1, A. Younsi1 

1Universitätsklinikum Heidelberg, Neurochirurgische Klinik, Heidelberg, Deutschland 
2Universitätsklinikum Heidelberg, Neuroanatomie, Heidelberg, Deutschland 

Objective 

Spinal cord injury (SCI) is a devastating event for the patient with often a disastrous outcome and no 
regenerative treatment approach currently available. Transplantation of neural precursor cells (NPCs) has shown 
beneficial effects in improving functional recovery after SCI, which is partially attributed to their paracrine 
function via exosomes. This study aims to characterize NPC-derived exosomes (NPC-exos) and assess their 
properties for potential use as a SCI-treatment. 

Methods 

NPCs were isolated from the subventricular zone of E13.5-14.5 rat embryos and seeded on poly-ornithine and 
laminin precoated plates. After the expansion of the NPC-culture, the exosomes were isolated and purified from 
the medium with a three-step differential centrifugation and filtration (0.22-µm) method. NPC-exos were 
identified and quantified by nanoparticle tracking analysis (NTA), bicinchoninic acid protein assay (BCA), 
transmission electron microscope (TEM), and western blot with multiple exosomal specific markers. In addition, 
proteomic analysis of NPC-exos was performed with mass spectrometry. To evaluate the protective function of 
the NPC-exos, 6.0E10+8 particles of NPC-exos in vitro. 

Results 

The primary cell culture of purified rat NPCs could be successfully characterized by nestin and beta-tubulin III-
expression in absence of NeuN-, GFAP-, and Olig2-expression. The identification of NPC-exos was performed 
with the markers CD63, CD81, and TSG101 in western blot analysis. The average size of the NPC-exos was 
141±7nm measured by NTA and their typical cup-shaped morphology was confirmed by TEM. The molecular 
analysis showed that the NPC-exos exhibit a significant enrichment of certain proteins such as Syntaxin 1B, 
Netrin-1, and EphrinB1. Examined by Ingenuity Pathway Analysis (IPA), we found that those enriched proteins 
are involved with the activation of the synaptogenesis signaling pathway, and axon guidance signaling pathway. 

Conclusion 

Our experiments confirm that exosomes with typical features can be isolated and purified from a primary NPC 
culture. Furthermore, NPC-exos seem to carry a cargo that includes enriched synaptogenesis and axon guidance-
related proteins. Thus, NPC-exos might be a potential non-cell-based treatment option for SCI and should be 
assessed in future studies. 
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Groß angelegte Architektur der Tyrosinkinase-Signalübertragung bei Neurotrauma zeigt HGF/Met als frühen 
Auslöser reaktiver Mikroglia 
Large-scale architecture of tyrosine kinase signaling in neurotrauma reveals HGF/Met as early inducers of 
reactive microglia 

R. Rehman1, A. Chandrasekar1, F. olde Heuvel1, S. Li1, M. C. Morganti-Kossmann2, F. Roselli1,3 

1Universitätsklinikum Ulm, Neurology, Ulm, Deutschland 
2The Alfred Hospital, Melbourne, Australien 
3German Center for Neurodegenerative Diseases, Ulm, Deutschland 

Objective 

The signaling events cellular responses unfolding in neuronal, glial and immune cells upon Traumatic brain injury 
(TBI) are highly complex. Their characterization may reveal a number of new targets for intervention. 

Methods 

We used array phosphoproteomics and quantitative immunohistology in a murine mild blunt TBI to reconstruct 
the temporal dynamics of tyrosine-kinase signaling in TBI. We used pharmacology and quantitative motor 
assessment to determine the effectiveness of small-molecule interventions on the new targets identified. 

Results 

We identified several receptor-tyrosine kinase (RTK) families with distinct temporal dynamics and characteristic 
up or down-regulation (figure 1). The RTK phosphorylation landscape was significantly affected by the intensity 
of the trauma. We used phosphoproteomic arrays to expand the characterization of tyrosine kinase signaling, 
including a number of downstream cascades and revealing substantial phosphorylation of Btk and Fer. We 
scrutinized the large-scale effects of the small-molecule perturbation of cMet/HGFR, VEGFR1 and Btk signaling. 
cMet/HGFR was a modifier of the early microglial response, and cMet/HGFR blockade prevented the induction 
of inflammatory mediators, of reactive microglia morphology and of TBI-associated neuronal and vascular stress. 
Acute or prolonged cMet/HGFR inhibition ameliorated neuronal survival and motor recovery. Early elevation of 
HGF itself in the CSF of TBI patients suggest that this mechanism has translational value in human subjects. 

Conclusion 

Our findings identify cMet/HGFR as a modulator of early neuroinflammation in TBI with translational potential 
and indicate several RTK families as possible additional targets for TBI treatment, paving the way to drug-
repurposing investigations. 
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Fig. 1 
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Liquorverlust: eine monozentrische Fallserie zu therapeutischen Methoden 
CSF leaks – a single-centre case series presenting treatment methods 

P. Christoglou1, E. Amanatidou1 

1General Hospiatl of Thessaloniki G.Papanikolaou, Department of Neurosurgery, Thessaloniki, Griechenland 

Objective 

Cerebrospinal fluid (CSF) leaks are a rare event.  Cerebrospinal fluid (CSF) rhinorrhea is a condition where the 
fluid (CSF) that surrounds the brain leaks into the nose and sinuses. Head trauma, surgery, or non traumatic 
conditions can produce it (such as infections, inflammatory diseases or high intracranial pressure ). 

  Meningitis  is the most significant risk associated with cranial CSF leaks.     

  Treatment depends on the size of the leak. Although conservative treatment is used for smaller leaks 
sometimes it is not enough and the leak persists. Endoscope assisted skull base reconstruction is one surgical 
method widely used to repair bony defects . Another less used approach is lumboperitoneal drainage , which 
was used in our clinic .   

Methods 

This is a presentation of 15 cases from our hospital  of the past 5 years with CSF rhinorrhea and the methods 
undertaken to diagnose  and treat these patients, as well as their outcomes and long term follow up.   

Results 

Thirteen of our patients had successful treatment with lumbar drainage and conservarive treatment. Two of 
these patients were treated with lumboperitoneal drainage. 

Conclusion 

Treatment with lumbar drainage is a safe method of initial treatment. Lumboperitoneal shunt  for the two  
patients that didn t improve after conservative treatment was a safe method with good long term outcome. 
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Der Effekt von Acenocoumarol auf das Outcome nach sofortiger einseitiger Bohrlochtrepanation des 
chronischen Subduralhämatoms: eine monozentrische, 6-jährige retrograde Fallserie 
A 6-year retrograde series study of the effect of Acenocoumarol on the outcome after immediate single burr hole 
drainage of CSDH – a single centre example 

E. Amanatidou1, P. Christoglou1 

1General Hospiatl of Thessaloniki G.Papanikolaou, Department of Neurosurgery, Thessaloniki, Griechenland 

Objective 

Chronic subdural hematoma (CSDH) is one of the most common neurosurgical conditions. Acenocoumarol use  
in these patients  can pose a challenge for the neurosurgeon .The risks associated with  Acenocoumarol cannot 
always be directly compared  to the risk of rebleeding and recurrence . In this poster we present the data our 
Neurosurgical department has collected in the past 6 years on the treatment of such patients. 

Methods 

We classified the patients into two groups , the first being that of patients under Acenocoumarol treatment and 
the second being that of patients under no anticoagulation or antiplatelet therapy. Patients of both groups 
underwent a single burrhole drainage , which is the surgery of choice for CSDH in our department, during the 
first 24h after admission . We then devided the outcome observed in hospitalised and discharged patients during 
a 6month follow-up, into two grand categories , a positive outcome which mostly included patients with 
improved neurological status and a negative outcome which included patients with immediate deterioration and 
in need of emergency re-surgery, or during follow-up , as well as the cases with no improvement of neurological 
symptoms. We statistically analysed our data using the chi-squared test with the Yates correction.  

Results 

We included o total of 108 patients out of which 8 patients were under Acenocoumarol treatment and 
underwent surgery immediately and 100 patients were under no anticoagulant/antiplatelet therapy and 
underwent immediate surgery. We did not find a statistically significant difference concerning the outcome 
between patients under Acenocoumarol and those under no such treatment undergoing immediate drainage of 
a CSDH. 

Conclusion 

Our study did not detect any influence of Acenocoumarol use on the outcome following a single burrhole 
drainage of CCSDH. 
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Schablonen-basierte Zielpunktidentifikation für den chirurgischen Verschluss der Arteria meningea media 
während operativer Entlastung von chronischen subduralen Hämatomen 
Template-based target point identification for surgical occlusion of the middle meningeal artery during chronic 
subdural haematoma evacuation 

L. Wessels1, I. Brunk1, E. Rusakowa1, U. C. Schneider2, P. Vajkoczy1, N. Hecht1 

1Charité – Universitätsmedizin Berlin, Berlin, Deutschland 
2Luzerner Kansonsspital, Neurochirurgie, Luzern, Schweiz 

Objective 

Burr hole evacuation of chronic subdural hematoma (cSDH) carries a relevant risk of recurrence. Recent 
evidence has suggested that endovascular middle meningeal artery (MMA) occlusion may help reduce this risk. 
However, endovascular MMA occlusion requires an additional intervention and is hampered by limited 
availability, increased cost and radiation exposure. On the other hand, a simple technique for reliable 
preoperative localization of the MMA that would permit direct MMA occlusion through a burr hole approach has 
not yet been described. Here, we performed a preclinical anatomic and prospective clinical study followed by a 
retrospective feasibility analysis to validate a simple, fast and cost-effective technique for reliable preoperative 
MMA localization. 

Methods 

We performed an anatomic cadaver study with 33 human skulls (66 hemispheres) to localize a frontal target 
point above the pterion, where the MMA can be accessed via burr hole trephination. Based on anatomic 
landmark measurements, we designed, cross-checked and tested the validity of a template in a prospective 
series of 10 patients undergoing elective pterional craniotomy using image guidance. Feasibility of the frontal 
target point localization was determined according to the hematoma extension in a retrospective series of 237 
patients treated for cSDH between 2014-2018. 

Results 

In the anatomic study, the perpendicular distance from the zygomatic arch to the target point in the fronto-
parietal bone was 4.1cm (95% CI 4-4.2). The mean length along the zygomatic arch from the external auditory 
canal to the point of perpendicular distance measurement was 2.3cm (95% CI 2.2-2.4). The template designed 
according to these measurements yielded high agreement between the template-based target point and the 
proximal MMA groove inside the fronto-parietal bone (right 90.9%; left 93.6%). In the clinical validation, we 
noted a mean distance of 4mm (95% CI 2.1-5.9) from the template-based target point to the actual MMA 
localization. In the retrospective series, 95% of all cSDH had primary frontal extension or frontal involvement and 
would have been accessible by the new target point localization. 

Conclusion 

In cSDH with frontal extension that require surgical evacuation, a template-based target point approach for 
MMA localization may serve as a simple, fast and cost-effective technique to permit surgical cSDH evacuation 
with MMA occlusion through the same burr hole in a single setting. 
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Handhabung und Sicherheit titanverstärkter, biokompatibler Implantate zur Kranioplastik 
Feasibility and safety of titanium-enhanced biocompatible calcium-phosphate implants for cranioplasty 

D. M. A. Wesp1, H. Krenzlin1, T. Kerz1, F. Ringel1, N. Keric1 

1Universitätsmedizin der Johannes Gutenberg-Universität Mainz, Neurochirurgische Klinik und Poliklinik, Mainz, Deutschland 

Objective 

Decompressive craniectomy (DC) is an effective procedure to treat elevated intracranial pressure conditions but 
does require secondary cranioplasty in the majority of cases. However, reimplantation of the autologous bone 
flap after cryoconservation is associated with a high number of osteolysis, therefore, alloplastic cvranioplasty is 
increasingly used. Numerous materials have been investigated to meet demanded key features, such as stability, 
surgical applicability, and biocompatibility. But, alloplastic cranioplasty is still associated with a high number of 
implant infections and wound healing complications. Therefore, we aimed to evaluate the feasibility and safety 
of a recently introduced patient-specific titanium-enhancedcalcium-phosphate CAD implant with a supposedly 
higher biocompatibility. 

Methods 

The medical records of all patients who underwent DC between January 1st, 2020 and January 31st, 2021 were 
reviewed. Demographic, clinical, and diagnostic data before and after the cranioplasty were collected. 
Descriptive statistical analysis was performed. 

Results 

DC was performed in 32 consecutive patients, due to aSAH (43.8%), malignant MCA infarction (25%),  TBI 
(12.5%) or ICH (18.8%). Twenty of these patients (62.5% female) with a mean age of 52±17 years received a 
patient-specific calcium-phosphate implant for cranioplasty. The mean time from DC to CP was 120.45±71.5 
days. Mean follow-up time from CP was 340.4±125.5 days. Overall, 5 procedure-related complications occurred; 
2 epidural hematomas not necessitating revision surgery, 2 patients suffered from seizures, and 1 patient 
necessitated delayed revision surgery 481 days after CP with implant explantation due to skin atrophy developed 
by a pathological head posture and the resulting soft tissue pressure. No bacterial infection was detected on this 
implant, no other infections of the surgical site or the implant occurred. Routine CT imaging evaluation was not 
hampered by the titanium implant, no imaging artifacts occurred. 

Conclusion 

In the present study, a patient-specific titanium-enhanced biocompatible calcium-phosphate implant was used 
for CP in 20 consecutive patients. The absence of a surgical site infection proves the feasibility and safety of this 
biocompatible implant material. Furthermore, postoperative follow-up imaging is possible without limitations. 
Thus, these implants offer an alternative to titanium or PMMA cranioplasty and may reduce the risk of surgical 
site complications. 
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3D-Druckschablonen zur intraoperativen Herstellung von patientenspezifischen Kranioplastie Implantaten – 
Technik und klinische Ergebnisse 
3D printed templates for intraoperative molding of patient specific cranioplastic implants – technique and clinical 
results 

J. Pöppe1, C. Schwartz1, M. Spendel1, P. A. Winkler1, J. Wittig2, C. J. Griessenauer1 

1Uniklinikum Salzburg, Paracelsus Medizinische Privatuniversität, Universitätsklinik für Neurochirurgie, Salzburg, Österreich 
2Uniklinikum Salzburg, Paracelsus Medizinische Privatuniversität, Universitätsklinik für Mund-Kiefer- und Gesichtschirurgie, Salzburg, 
Österreich 

Objective 

In patients with large craniectomy defects and no autologous implant available manually molded 
Polymethylmethacrylate (PMMA) implants are feasible for cranioplasty. Even though those implants are readily 
available and cost-effective satisfying cosmetic results cannot always be achieved. In contrast, Computer 
Animated Design (CAD) implants are very costly but provide optimal reconstruction of the natural skull shape. 
Our aim was to develop and implement an in-house 3D printing workflow to provide patient specific templates 
for intraoperative molding of custom made PMMA cranial implants. Thus, combining the precision of CAD 
implants with the cost-effectiveness of manually molded PMMA implants. Here, we present our novel 3D design, 
printing and molding technique and a case series of our first 24 patients. 

Methods 

Pre- and post-craniectomy CT scans of patients with large skull defects were utilized to design two printable 
templates: a mold virtually obtained from the pre-craniectomy outer skull shape and a ring representing the 
craniectomy defect margins. Both templates were printed on a desktop 3D printer with biocompatible 
photopolymer resins. All used software applications and printing material was CE certified as medical products 
class I. PMMA implants were molded intraoperatively in a springform manner from the sterilized templates and 
directly implanted. Clinical and radiological data were retrospectively analyzed. 

Results 

24 PMMA implants were performed on 28 consecutive patients. The median defect size was 86,1 cm2 (range 
40,6-147,8 cm2). Median age was 46,5 (range 19-82) years, and median operating time was 83,5 (range 52-243) 
min. No intraoperative complications occurred; all implants fitted well into craniectomy defects. Excellent skull 
reconstruction could be confirmed in all postoperative CT scans. In four (16.7%) patients with distinct risk factors 
for postoperative hematoma, revision surgery for epidural hematoma had to be performed. No surgery-related 
mortality or new and permanent neurologic deficits were recorded. 

Conclusion 

A novel 3D printing workflow to provide templates for intraoperative molding of PMMA cranioplastic implants 
was developed and clinical implementation has been performed. Our "springform-technique" provides a 
feasible, cost-effective and easily adaptable alternative for cranioplastic surgery combining the precision and 
cosmetic advantages of computer-aided design (CAD) implants with the cost-effectiveness of manually molded 
PMMA implants. 
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Entwicklung eines Warnsystems für epileptische Anfälle 
Developping an epileptic seizure warning system 

G. Leonhardt1, M. Eberlein2, H. Yang2, J. Müller2, S. Kalousios1, M. Kirsch1, R. Tetzlaff2, G. Schackert1 

1Carl Gustav Carus Universitätsklinikum, TU Dresden, Klinik und Poliklinik für Neurochirurgie, Dresden, Deutschland 
2Technische Universität Dresden, Professur Grundlagen Elektrotechnik, Dresden, Deutschland 

Objective 

Background: One third of epilepsy patients do not become seizure free from medical therapy and only few 
benefit from surgery or brain stimulation. They suffer from the unpredictability of seizures, falls, social 
stigmatisation etc, and would profit by a seizure warning device, offering opportunities of protection and 
intervention. 

Aim:  to develop an implantable mobile warning system, we analysed algorithms for binary classification of 
intracranial EEG data (iEEG) to identify preictal states. 

Methods 

iEEG from 14 patients with longstanding pharmacorefractory epilepsy (n=13 depth electrodes, n=1 subdural 
electrodes, seizures recorded 3 – 38, duration of recording 139-257 h per patient) were analysed. Seizure were 
annotated by an experienced epileptologist (GL). A preictal episode was defined as the time-period from 65 to 5 
min before a seizure and an interictal episode was defined beginning 240 min after a seizure and before the next 
seizure, respectivelly. 

Patient specific models were estimated based on the patient"s previous seizures using discrete spectral density 
bands, inter-channel correlation in the time and frequency domain, and eigenvalues of the correlation matrices; 
followed by analysis of variance (ANCOVA f-value) and finally classification by a support vector machine (SVM). 

Main outcome parameter was the identification of a true preictal episode (=prediction) of the last seizure of the 
patient. The previous seizures were used to train the system 

Results 

The last seizure could be predicted correctly in 10 out of 14 pts (i.e.  ROC AUC (SVM) > 0.5, Table 1) with a mean 
of 0.71 over all pts. Further tests showed that a prediction based only on the principal component (PC) was 
possible for 8 of 14 pts. (ROC AUC (PC), mean 0.683). 

Conclusion 

Our data shows that seizures can be predicted in the majority of patients but that the algorithm is sensitive to 
other dynamics such (PC) such as the sleep-wake-cycle. These confounding factors contribute to the 
unstationarity of the ground truth. This has negative effects on the training in rather short-term data sets 
(Müller et al, Eberlein et al). 

Eberlein, M. et al. Evaluation of machine learning methods for seizure prediction in epilepsy. Curr. Dir. in 
Biomed.Eng., 2019, 5 (1), p. 109-112 
Müller, J. et al. Coherent false seizure prediction in epilepsy, coincidence or providence? Clin. Neurophys., 2022, 
133, p. 157-164 
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Table 1: Receiver-Operation-Characteristics for seizures (SVM) and for the pricipal component (PC) 

Fig. 1 
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Evaluation der neuroinflammatorischen Mediatoren im humanen epileptischen Amygdala Gewebe 
The evaluation of neuroinflammatory mediators in human epileptic amygdala tissue 
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Objective 

Multiple lines of evidence support the key role of neuroinflammation in the pathogenesis of epilepsy and 
associated comorbidities. The main aim of this investigation was to study the role of different inflammatory 
pathways in human epileptogenesis 

Methods 

Using immunohistochemistry and PCR, we assessed cellular injury as well as apoptosis, and determined the 
expression of various inflammatory mediators in epileptic brain specimens resected during epilepsy surgery on 
17 patients with medically intractable epilepsy (compared to autopsy control). 

Results 

Our preliminary findings have shown a significantly higher cell injury and apoptosis in the epileptic tissues 
compared to autoptic specimens. Moreover, immunohistochemical studies revealed significantly lower 
expressions of the excitatory amino acid transporter 1 (EAAT1), caspase 3, and glutamate GluR1 subreceptor in 
the epileptic amygdala compared to the control tissues. PCR analyses have shown significantly higher 
expressions of PPARγ, EAAT1, and EAAT2 as well as lower expressions of GluR2, NR1, mGluR1, GABARA1, 
GABAB3, and GAD65 in the epileptic tissues compared with the autoptic amygdala specimens. Furthermore, 
seizure duration plays a regulatory role in the expressions of euchromatic histone-lysine N-methyltransferase 2 
(G9a), GFAP, and GABARA1.   

Conclusion 

Our data suggest that the modulation of neuroinflammation may be novel preventive and/or therapeutic 
strategies in the control of seizures. 
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Untersuchung der patientenübergreifenden und Patienten-spezifischen Vorhersage epileptischer Anfälle auf der 
Grundlage der Herzfrequenzvariabilität 
Evaluation of cross-patient and patient-specific epileptic seisure prediction based on heart rate variability 
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Objective 

The unpredictability of epileptic seizures is responsible for injuries, stress, depression and may limit the social 
functioning of the affected individuals. Up to one third of patients with epilepsy remain refractory to any 
treatment during their lifetime. A reliable non-invasive seizure prediction method would decrease those risks 
and alleviate the psychological impact. 

We propose the exploitation of ECG signal for seizure prediction and developed a method based on the Heart 
Rate Variability (HRV) changes occurring during the preictal period, reflecting an Autonomic Nervous System 
(ANS) modulation prior seizure onset. 

Methods 

Single lead ECG signal was obtained from 28 patients with epilepsy, totalling 75 seizures (median age: 42 years). 
Seizure onset was defined by an experienced epileptologist; seizures had to be at least two hours apart. One 
hour of ECG signal before seizure onset was analysed in overlapping 1-min-windows with 10 sec steps. A matrix 
of 355 windows x 63 HRV features (time, frequency and non-linear) was constructed for each patient. Windows 
containing artefacts were removed. The preictal period was defined as 10 min and the interictal period as 60 – 
35 min before seizure onset. 

Different models for seizure prediction were devised using either Support Vector Machine (SVM) or Random 
Forest Classifier (RF). HRV features were weighted and selected by an Extra-Trees Classifier. The prediction 
efficacy was evaluated by Leave-One-Out Cross-Validation (LOOCV). 

Results 

Performance for inter-patient seizure prediction using either seizure LOOCV or patient LOOCV was rather poor 
(ROC-AUC: 0.589 and 0.582, respectively). Stratification using sleep-wake cycles or localisation of seizure onset 
did not improve the performance.   

For patients with ≥3 seizures (n=12) a patient-centred approach was additionally tested. Here, the models 
exhibited better predictive performance in the patient-specific LOOCV (mean ROC-AUC: 0.747). 

Conclusion 

The results imply a heterogeneous ANS behaviour between patients during the preictal period. This heterogenity 
can be also observed among seizures of the same individual, with seizures showing diverge feature importance 
as indicated by Mann-Whitney U test. 
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This phenomena may inherently limit the predictive potential of our proposed method. Further research is 
needed in order to identify additional cross-seizure and cross-patient seizure precursors, which could improve 
seizure prediction. 
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Die neokortikalen Layer 5 und 6 sind die Treiber von Netzwerk Aktivität in Micro-electrode Array Recordings in 
Epileptischen humanen Hirnschnittkulturen 
Neocortical layers 5 and 6 are the drivers of network activity in Micro-electrode array recordings of epileptic 
human brain slice cultures 

J. Ort1,2,3, J. Wickham4, A. Bak3, A. Corna4,5, J. Schmierer4, T. V. Wuttke6,7, N. Schwarz7, H. Clusmann1, Y. Weber3, 
D. Delev1,2, G. Zeck4,5, H. Koch3 

1Universitätsklinikum RWTH Aachen, Klinik für Neurochirurgie, Aachen, Deutschland 
2Universitätsklinikum RWTH Aachen, Neurosurgical Artificial Intelligence Laboratory Aachen (NAILA), Aachen, Deutschland 
3Universitätsklinikum RWTH Aachen, Klinik für Neurologie, Epileptologie, Aachen, Deutschland 
4Universität Tübingen, Neurophysics, Natural and Medical Sciences Institute, Reutlingen, Deutschland 
5TU Wien, Institute of Biomedical Electronics, Wien, Österreich 
6Universitätsklinikum Tübingen, Department of Neurosurgery, Tübingen, Deutschland 
7Universitätsklinikum Tübingen, Department of Neurology and Epileptology, Hertie Institute for Clinical Brain Research, Tübingen, 
Deutschland 

Objective 

Epilepsy is a condition hallmarked by synchronized depolarizations of groups of neurons resulting in seizures. 
The underlying conditions can vary extensively ranging from structural pathologies to trauma. However, the 
electrophysiological and micro-anatomical correlates of seizures are yet to be described. Here, we leverage 
novel culturing methods for human brain slices and spatio-temporal electrophysiological recordings using micro-
electrode arrays (MEA) to investigate features of synchronized network activities to describe epileptic discharges 
on a micro-network-level. 

Methods 

Neocortical human brain tissue samples from resective epilepsy surgeries were cultured using human 
cerebrospinal fluid (hCSF). MEA recordings were performed using a 256-MEA with artificial CSF (aCSF) and hCSF. 
Data analysis was performed using custom Python scripts including the libraries numpy and scipy. In short, spikes 
were extracted using a mean absolute deviation threshold-based approach. Network activities were defined as 
episodes of elevated activity with the mean moving average firing rate (FR) exceeding the mean FR of the whole 
recording. For each of these network events (n= 6043), we extracted a total of 62 features including interspike-
interval distributions, layer-specific mean FR, and channels specific bursting times. Scipy"s Pearsonr-method was 
used to calculate correlations. 

Results 

Mean length of network activities was 1.765 seconds with a mean FR of 616.18 Hz. We found a strong 
correlation between the FR of layers 5 and 6 and the network FR (r = 0.993, p < 0.001). This was not found for 
any other neocortical layer (layer 1: r = - 0.125, p < 0.001, layer 2 and 3: r = 0.222, p < 0.001, layer 4: r = 0.541, p 
< 0.001). For layers 5 and 6, this effect was observed for experiments in hCSF and aCSF, which indicates a 
network-modulating role of these layers. Layers 2 and 3 only showed a strong correlation with the network burst 
FR for hCSF (r = 0.85, p < 0.001) but not for aCSF (r = 0.063, p < 0.001). 

Conclusion 

Our finding suggests a distinct role of layers 5 and 6 in the emergence of highly synchronized network spiking 
activity. Although the differentiation between the electrophysiological equivalent of interictal discharges and 
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physiological network activity remains difficult, our results may help to understand epilepsy as a network disease 
with spatially distributed layer-specific properties. 
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Operationsplanung, histopathologische Befunde und Operationsergebnis bei MR-negativer extra-temporaler 
Epilepsie unter Verwendung von invasivem EEG, funktioneller Bildgebung, Magnetoenzephalographie, 
Neuronavigation und intraoperativer MRT – eine retrospektive single center Analyse 
Surgical planning, histopathological findings and surgical outcome in MR-negative extra-temporal epilepsy using 
invasive EEG, functional imaging, magnetoencephalography, neuronavigation and intraoperative MRI – a single 
centre retrospective analysis 

A. Maslarova1, Y. Zhao1, J. Rösch2, M. Buchfelder1, S. Brandner1 

1Universitätsklinikum Erlangen, Neurochirurgie, Erlangen, Deutschland 
2Universitätsklinikum Erlangen, Neuroradiologie, Erlangen, Deutschland 

Objective 

MRI-negative drug-resistant epilepsy presents a challenge when it comes to surgical planning, and surgical 
outcome is worse than in cases with an identifiable lesion. Whereas in temporal lobe epilepsy a standardized 
resection approach is applicable in many cases, the surgical management of extratemporal lesions is always 
individual. Here, we present a strategy for surgical planning in patients with extratemporal MRI-negative epilepsy 
focus and report our histological findings and patient outcomes. 

Methods 

Patients undergoing epilepsy surgery in the Department of Neurosurgery of the University Hospital Erlangen 
between 2012 and 2020 were included in the study. Inclusion criteria were: (1) failure to identify a structural 
lesion on preoperative high-resolution 3 Tesla MRI with a standardized epilepsy protocol and (2) preoperative 
EEG diagnostics revealing an extratemporal epilepsy focus. 

Results 

We identified 8 patients corresponding to the inclusion criteria. Second look MRI analysis by an experienced 
neuroradiologist including the most recent analysis algorithm utilised in our clinic revealed a possible lesion in 
two patients. One of the patients with a clear focal cortical dysplasia (FCD) finding on a second look was 
excluded from further analysis. Of the other 7 patients, in one patient invasive EEG was performed with subdural 
electrodes, whereas the other 6 were subjected to depth electrode EEG. Magnetoencephalography (MEG) was 
performed preoperatively in all but one patient. An MEG focus was implemented in the resection planning in 3 
patients. FDG PET was performed in all, but only implemented in the surgical planning in one patient. 
Preoperative fMRI was integrated in the surgical planning in order to identify eloquent brain regions. 
Intraoperative MRI was utilized for resection control and lead to continued resection in two patients. 
Histopathological evaluation revealed one non-lesional case, four cases of FCD and two cases with mild 
developmental malformation.  All patients with depth electrodes EEG analysis had Engel 1A outcome on follow-
up whereas one case with subdural electrode monitoring had Engel 1B outcome. 

Conclusion 

We describe a multimodal approach for preoperative planning and surgical treatment of extra -temporal MRI-
negative epilepsy, based on invasive electrode EEG and intraoperative MRI resection control, which in our series 
lead to a favorable epilepsy outcome in all patients. 
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Ergebnisse von zuvor implantierten SCS-Patienten mit chronischen Schmerzen, die auf ein neues SCS-System 
umgestellt wurden: In Europa gemachte Erfahrungen 
Outcomes of previously-implanted SCS chronic pain patients converted to a new SCS system – European 
experience 

P. Rigoard1, R. Bougeard2, J. E. Llopis3, S. Raoul4, J. Vesper5, H. Belaid6, Y. Pei7, R. Jain7, G. Matis8 
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Objective 

Providing various waveforms and programming options can facilitate more customized delivery of analgesic 
neurostimulation to chronic pain patients implanted with a Spinal Cord Stimulation (SCS) device. However, 
technologies that offer such optimization capabilities are not accessible to long-term implanted patients using 
older devices, some of whom may experience loss or attenuation in therapeutic efficacy over time. 

Objectives: Here, we assessed a cohort of previously-implanted patients who converted to a new SCS device 
capable of combination therapy (simultaneous or sequential delivery of multiple available waveforms), enhanced 
algorithmic-based stimulation field targeting, and waveform automation 

Methods 

This is a real-world, multicenter retrospective study of patients who were previously implanted with an SCS 
system (commercially-available device) who went on to convert to a new device (Boston Scientific) capable of 
multiple modality stimulation and/or combination therapy via an applicable device adaptor and new implantable 
pulse generator (IPG). Pain relief and other associated outcomes using both the previously-implanted SCS system 
and the newly connected device IPG are being collected 

Results 

Thirty-five patients have been assessed to date. Average age of those evaluated is 57-years with a mean baseline 
NRS score of 7.7±1.91 (prior to using new system) and were previously implanted for a duration of an average of 
5.2±3.01 years. A 5.0-point improvement with the new system was observed versus a 1.5-point improvement 
using the previously-implanted system (note: previous devices consist of a range of different manufacturers). 
Sustained improvement with use of the new SCS system with multiple options was noted at mean last follow-up 
(1.0±0.96 years; NRS score Δ= 5.1; p<0.0001). 

Conclusion 

The initial findings of this European-based study so far support the postulate that previously-implanted SCS 
patients who are empowered to selectively use an assortment of different waveform programming options 
following IPG conversion can achieve sustained and robust pain relief. 
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Niederfrequente Stimulation des Spinalganglions in der Behandlung chronischer neuropathischer Schmerzen 
Effect of low frequency in dorsal root ganglion stimulation for neuropathic pain 

G. Santos Piedade1, S. Gillner1, P. McPhillips1, J. Vesper1, P. Slotty1 

1Universitätsklinikum Düsseldorf, Funktionelle Neurochirurgie und Stereotaxie, Düsseldorf, Deutschland 

Objective 

Little is known about the influence of the stimulation frequency on outcome of dorsal root ganglion (DRG) 
stimulation. It is assumed that specific neural components of the DRG can be influenced in a targeted manner 
through the selection of different frequencies. Recent studies have favored the use of low-frequency 
stimulation. We have investigated mid to high frequencies recently. In this clinical trial we document treatment 
response to patterns including low stimulation frequencies as low as 4 Hz. 

Methods 

We report an on-going randomized double-blind clinical trial with a cross over design. Patients with a DRG 
stimulation system underwent phases of stimulation with 4 Hz, 20 Hz (mid frequency), 60 Hz (high frequency) 
and sham. For each setting, amplitude was individually adapted to subthreshold levels. Each phase lasted for 5 
days and was followed by a wash-out period of 2 days. Pain intensity and quality of life were assessed with visual 
analogue scale, McGill Pain Questionnaire, EQ-5D and Beck Depression Inventory. 

Results 

This study is still ongoing, a total of 20 patients will be included till study termination in Q1/22. Updated data will 
be presented. Eight patients have completed the study so far. Those 8 patients were using a DRG stimulation 
system for a mean 32.4 months (6-94) and all were responders. CRPS was the most frequent pain etiology. Mean 
VAS was 4.4 at the baseline (with active stimulation, 1-8) and increased progressively to 4.6 under 4 Hz, 5.1 
under 20 Hz, 5.4 under 60 Hz and 5.4 under sham stimulation. Similar trends were observed regarding QoL, MPQ 
and BDI data. 

Conclusion 

In a previous study, we already demonstrated that stimulation frequency clearly influences stimulation results. 
Lower stimulation frequencies seem to be most effective for neuropathic pain in our preliminary results. Longer 
trial periods should be considered to delineate the differences between stimulation setting more clearly, 
especially in CRPS patients. 
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Untersuchung des somatosensorischen Profils mittels quantitativer sensorischer Testung (QST) während der 
Spinalganglionstimulation bei einseitigen chronischen neuropathischen Schmerzen 
Examination of the somatosensory profile using quantitative sensory testing (QST) during dorsal root ganglion 
stimulation for unilateral chronic neuropathic pain 

M. Morgalla1, V. Martin1, M. Tatagiba1 

1Universitätsklinikum Tübingen, Klinik für Neurochirurgie, Tübingen, Deutschland 

Objective 

Due to nerve damage, neuropathic pain often affects also other sensory nerve fibre qualities. The aim of our 
study was to investigate the effects and possible differences of dorsal root ganglion stimulation (DRGS) on the 
somatosensory profiles of patients with chronic neuropathic pain of one limb using quantitative sensory testing 
(QST).  

Methods 

From March 2017 until October 2020 we have examined 15 patients (6 women, 9 men; mean age 56 years) with 
chronic unilateral neuropathic pain (11 groins, 2 knees, 2 feet), who have been treated with DRGS. We used QST 
(7 tests, 13 parameters). The stimulation was switched off for 4 hours (washout) and afterwards a basic 
measurement was performed on the control side and the painful side (randomized). Then, the stimulation was 
switched on and after 45 min the measurement was repeated on the control side and painful side (randomized). 
The results of the painful side were compared to the control side. 

Results 

A comparison of the painful area and the control area in the patients shows significant differences in heat and 
cold detection: WDT (p in OFF <0.001, p in ON = 0.006) and CDT, (p in OFF = 0.001, p in ON = 0.006), for heat 
pain (HPT (p in ON = 0.040), the thermal sensory limen (TSL (p in OFF = 0.010, p in ON <0.001), the mechanical 
detection and pain threshold (MDT ( p in OFF = 0.006, p in ON = 0.011) and MPT (p in ON = 0.066) and the 
vibration threshold (VDT (p in OFF <0.001, p in ON <0.001). 

Conclusion 

This is the first study using QST and examining the possible changes of sensory qualities under DRGS. DRGS also 
seems to be able to influence the sensory qualities of fibres which have been altered in chronic pain patients. 
Further studies are necessary in order to clarify the underlying mechanisms. 
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Okzipitalnerven-Stimulation bei therapierefraktären Kopfschmerzsyndromen: Untersuchung neuer Stimulations-
Elektroden mit integrierten Ankersystem 
Novel anchored leads for occipital nerve stimulation for intractable headache syndromes 

Z. Krause Molle1, S. Gillner1, P. McPhillips1, P. Slotty1, J. Vesper1 

1Universitätsklinikum Düsseldorf, Klinik für Neurochirurgie, Düsseldorf, Deutschland 

Objective 

Occipital nerve stimulation (ONS) provides pain relief in patients with primary headache disorders. Despite its 
low invasiveness, this neuromodulation technique is prone to technical difficulties with the implants. The 
mobility of the head-neck region can cause patient discomfort at the implantation sites, especially when 
conventional non-stretchable SCS leads are used in ONS. We therefore investigated a new flexible, body 
compliant lead (AnkerStim™, Medtronic) in a series of patients regarding efficacy, complications and overall 
outcome. This quadripolar electrode has small tined anchors to prevent dislocation and reduce the necessity for 
additional fixation.  

Methods 

We present a series of 34 patients (20f, 14m; age: range 27-73y, mean 43.1 y) suffering from chronic migraine 
(CM) (n=15), chronic cluster headache (CCH) (n=17) and cervical pain (n=2), who underwent bilateral ONS lead 
implantation with two extensions and a permanent RC IPG (Intellis™, Medtronic). Patients were evaluated at 
baseline and at 6 months follow-up respectively regarding quality of life (EQ5D), pain level (VAS) and frequency 
of headache attacks 

Results 

6 mo f/u data was available in 11/17 CCH patients (further 6 expected within 3 mo). 5/11 patients reported a 
marked reduction in headache attacks per day, 4 reported a decrease in pain intensity. In the CM patients, f/u 
data was available in 12 patients, 9/12 reported a clinical significant reduction in migraine days or intensity. 
Decrease in pain or reduction of headache attacks led to an improvement in functional capacity at the 6 mo f/u 
(EQ5D 49,3 at baseline vs. 56,6 at 6 mo f/u). 4 systems had to be explanted due to infection. Revision surgery for 
lead dislocations were required in two patients. No bow-stringing was observed. 

Conclusion 

There is an ongoing debate about optimal implant technique, indications and outcome measurement of ONS. By 
using a stretchable lead, mechanical complications can be reduced. Due to delayed effect of the treatment, we 
use an all-in-one approach. This series of implants shows the technical advantages of the body compliant leads 
and small size pulse generator. Our results confirm the advantages of ONS for a continuous pain relief in CM and 
CCH.These new devices are safe and efficient and harbor the potential to reduce complications in ONS. 
Especially complication data should be collected in large, multicenter trials. All patients were therefore part of 
the ongoing product surveillance registry (PSR), conducted by Medtronic. 
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Therapieoptionen der Neuromodulation bei neuropathischem Kopf- und Gesichtsschmerz 
Neuromodulation for the treatment of neuropathic pain of the head and face 

L. Niedballa1, S. Gillner1, J. Vesper1, P. Slotty1, G. Santos Piedade1 

1Universitätsklinikum Düsseldorf, Funktionelle Neurochirurgie und Stereotaxie, Düsseldorf, Deutschland 

Objective 

Neuropathic pain of the head and face is complex and notoriously difficult to treat. To improve the success rate 
and subjective satisfaction with the treatment in this difficult population, we re-evaluated long-term outcomes 
supplemented with telephone interviews of the current status from a single tertiary care center. 

Methods 

We report on a series of 33 patients with neuropathic facial pain and trigeminal neuralgia treated between 2010 
and 2021 with trigeminal PNFS, Ganglion Gasseri stimulation or thermocoagulation, motor cortex stimulation 
(MCS) and microvascular decompression (MVD). Demographic data, relevant clinical history, clinical outcomes 
and complications were retrospectively analyzed, and telephone interviews were conducted. 

Results 

Ten patients were treated with PNFS, five with G. Gasseri stimulation, three with contralateral motor cortex 
stimulation and 15 with MVD and/or thermocoagulation. Patients treated with PNFS had a mean follow up-time 
of 6.6 months and reported a mean pain reduction of 47%. In the latest interview the pain reduction reduced to 
35.2%. Five patients were treated with G. Gasseri stimulation, this group had a mean follow-up time of 5.5 
months. Pain intensity decreased by 62% at last follow-up. In four of these patients, the stimulator was 
explanted at a later stage due to insufficient pain relief, dislocation or wound-healing problems. The three 
patients treated with MCS had an average baseline VAS-score of 9.2 and an average of 8.6 in the last interview. 
Thirteen of the 15 patients with trigeminal neuralgia treated with MVD and/or GG thermocoagulation benefited 
from it. 

Conclusion 

The results for PNFS were positive and stable for the duration of follow-up, complications or insufficient pain 
relief rendered lower patient satisfaction with MCS und G. Gasseri stimulation. MVD and thermocoagulation are 
very effective in the treatment of trigeminal neuralgia. Neuropathic pain of the head and neck is difficult to 
classify and especially in non-classic TN cases a variety of therapeutic options exist. Which neuromodulation 
option is suited best for distinct types of pain has to be further evaluated. Patient with complex face and head 
pain should be referred to specialized centers. 
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Fig. 1 
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Fig. 2 
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Spinal Cord Stimulation (SCS) bei Patienten mit chronisch-refraktären, nicht voroperierten Rückenschmerzen – 
"virgin back" 
Spinal cord stimulation in patients with chronic low back pain without prior surgery – "virgin back" 

E. Gündüz1, V. Visser-Vandewalle1, G. Matis1 

1Universitätsklinikum Köln, Stereotaxie und funktionelle Neurochirurgie, Köln, Deutschland 

Objective 

Chronic low back pain is a widespread disease for which there are many treatment options. The implantation of 
a Spinal Cord Stimulation (SCS)-system in patients with refractory back pain, especially in post-discectomy 
syndrome, is widely used. SCS is not a mainstay therapy in the so-called "virgin-back" patients who had no prior 
surgery while having refractory low back pain without any other (operative) treatment indication. The aim of this 
study is to present the first follow-up results of the SCS therapy on "virgin-back" patients. 

Methods 

Six patients (all female) with chronic refractory back pain and no prior operation with a pain duration of 7.9 years 
(sd ± 3,5) and average age of 66 years (55-81) were treated with SCS systems in different variations (3 patients 
with two eight-contact electrodes, 1 patient with one twelve-contact-electrode, 1 patient with two 16-contact 
electrode and 1 patient with one 16 contact electrode). The pain intensity was documented using the numerical 
rating scale (NRS; 0: no pain, 10: extremely severe pain) preoperatively and in the trial phase as well as in a 3-and 
6 month- follow-up. 

Results 

The preoperative mean NRS was 8.0 (7-9), during the trial it was 2.0 (0-3.5). In the 3-month follow-up, the mean 
NRS was 2.5/10 (1-3), the same in the 6-months-follow-up, which corresponds to an average reduction in pain 
intensity of 71.5%. There were no major complications during this time. 

Conclusion 

There are only a few publications on SCS therapy for "virgin-back" patients. Our patient collective confirms the 
positive effect of SCS with different companies and stimulation paradigms in so-called "virgin-back" patients. 
Further observations and studies with larger patient groups are required to optimize the stimulation with 
patient-tailored paradigms. 

 
 



 

516 

 

Pandemische und freie Themen/Pandemic and free themes 

P215 

 
Bereitschaft von Patienten mit malignen Hirntumoren zur Inanspruchnahme von online Video-Sprechstunden 
Readiness of patients with malignant brain tumours for video-based online visits and medical assessments 

C. Weiß-Lucas1, L. Dechange1, J. Jost2, K. Jonas3, D. Wiewrodt2, R. Goldbrunner1 
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Objective 

Regular follow-up visits are essential to ensure adequate monitoring of brain tumour patients. However, access 
to such visits can be limited, e.g., due to weak infrastructure or patient co-morbidity. Video-based online visits 
(OV) have attracted attention as an alternative to in-person visits, especially for patients who otherwise might 
not be able to attend a regular visit. This survey was conducted to investigate which proportion of malignant 
brain tumour patients could be reached by OVs, and which factors influence the patients' motivation to 
participate in OVs. 

Methods 

56 patients with malignant primary brain tumours (m: 48%; median age: 61 yrs) and 56 age- matched control 
subjects (m: 48%; median age: 64 yrs) participated in the bicentre survey. Motivation, computer/internet skills, 
mobility, as well as the infrastructure of the patients' residence and its distance to the (treating) neuro-
oncological centre were assessed. Moreover, age, gender, and educational level were included in the analysis. 
Correlations with the patients' ordinally scaled motivational levels (4 levels) were tested by Spearman's 
correlation using R, and compared with healthy subjects. 

Results 

The vast majority of patients had access to an appropriate electronic device (96%), mostly including a camera 
(77%). 79% of patients either had adequate computer skills themselves (54% of total), or another household 
member was adequately skilled (37% or total). 65% of patients were clearly motivated to participate in OVs, 
mostly due to the pandemic (51% of total). Only 16% would not accept OVs, another 16% were unsure. In 
comparison, acceptance of OVs was lower amongst healthy subjects (59% vs. 79% for patients), utmost partly 
due to a lower rate of electronic device availability (84% vs. 96% for patients). 

Patients' lack of motivation was associated with their own lack of computer skills (p=0.04). Moreover, 
motivational levels were correlated with the distance of the patients' residence from the treating neuro-
oncological centre (p=0.01), and were higher amongst patients in reduced general or cognitive clinical status 
(i.e., Karnofsky Performance Score <70; p=0.02). 

Conclusion 

The vast majority of patients with malignant brain tumours are willing, sufficiently equipped, and skilled to 
participate in OVs. Besides the pandemic, obstacles related to analogue visits (long distance from site of 
residence and reduced clinical status) seem to be the major drivers of patients' willingness to participate in OVs. 
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Pilotstudie: Individualisierbare videobasierte Patientenaufklärungen für Hirntumoroperationen 
Pilotstudy – informed patient consent in brain tumour surgery based on an individualised video clip 

M. Walter-Diessars1, M. Lotfinia1, F. Bytyqi1, J. Walter1 

1Klinikum Saarbrücken, Klinik für Neurochirurgie, Saarbrücken, Deutschland 

Objective 

Introduction of a pilotstudy on an individualized informed patient e-consent based on a modular video clip in 
brain tumor surgery. This feasibility study aims to confirm the hypothesis of an improved patient understanding 
and time savings for the physicians. Secondary endpoint will be the aspects of legal compliance for the clinics. 

Methods 

Prospective, 1:1-randomized trial comparing conventional with individualized video-based informed consent 
between 12/2021 and 05/2022 based on a survey consisting of a questionnaire and a structured interview with 
patients and physicians. 

Results 

The first results prove an easy set-up system that continuously frees users from redundant administrative 
activities, achieves legal certainty and ensures a high satisfaction rate with doctors and patients. Furthermore it 
is easily to be integrated into daily routine as well in outpatients and inpatients. 

Conclusion 

Individualized video based patient education and informed consent improve comprehension rate and 
understandability in brain tumor surgery leading to an increased satisfaction rate during neurosurgical 
treatment. 
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Glioblastom Tumorvolumen in der COVID-19-Zeiten eine monozentrische Studie 
Glioblastoma tumour volumes in times of COVID-19 – a single centre analysis 

L. Karamani1, M. A. Kamp1, N. Dinc1, C. A. Senft1 

1Universitätsklinikum Jena, Klinik und Poliklinik für Neurochirurgie, Jena, Deutschland 

Objective 

COVID-19 is a highly contagious infectious disease caused by the SARS-CoV2 virus. Since its outbreak in 
December 2019 starting in Wuhan/China, it has caused a global pandemic. As part of the measures undertaken 
to tackle COViD-19 effects in Germany, in- and outpatient treatment has been restricted to a greater or lesser 
extent since early 2020 with postponement of non-urgent treatments. We hypothesized that there may have 
also been delays in the diagnosis of glioblastoma, resulting in larger tumor volumes at presentation. 

Methods 

We analyzed all patients with newly diagnosed and histologically proven glioblastoma who presented to our 
DKG-certified neuro-oncology center between 1-2018 and 12-2021. Patients were stratified between pre-COVID 
(2018/2019) and COVID (2019/2020) era. Demographic as well as treatment related data were collected and 
compared between the two groups. Preoperative tumor volumes were calculated using the Brainlab software. 

Results 

Data of 115 patients (pre-covid: 58; covid: 57) were analyzed. There was a male preponderance (n=66; 57.4%). 
Median age was 67 years (range: 33-83 years) and did not differ between groups (p=0.55). The majority of 
patients (n=59, 51.3%) underwent tumor resection while the others had biopsy. At the time of radiological 
diagnosis, tumor volumes in the COVID group were larger than in the pre-COVID group (median: 31.5 vs. 25.6 
ccm; Fig.1), although this difference did not reach statistical significance (p=0.21). 

Conclusion 

Although not reaching statistical significance, we observed larger tumor volumes of patients harboring 
glioblastomas at first presentation, possibly due to delayed diagnostics. We propose that the DGCN and its 
neuro-oncology subsection lead a multicenter initiative to further investigate the effects of COVID-19 on 
glioblastoma diagnosis, treatment and outcome. 

Fig. 1 
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Anosmie und Dysgeusie im Zusammenhang mit COVID-19: Was passiert mit dem olfaktorischen Kortex? 
Does grey matter? Anosmia and dysgeusia related to COVID-19 – What about the olfactory cortex? 

K. Hense1, D. Deuter1, J. Vollmayr1, S. Schachinger1, N. O. Schmidt1, K. Rosengarth1 

1Universitätsklinikum Regensburg, Klinik und Poliklinik für Neurochirurgie, Regensburg, Deutschland 

Objective 

Anosmia and dysgeusia are discussed as specific symptoms with respect to COVID-19. As preceding studies 
found alterations in the olfactory bulbus in MRI analyses in patients with anosmia, the aim of our study was to 
analyse cortical neuroplastic alterations in the olfactory system in patients with acute and recovered SARS-CoV-2 
infection with and without anosmia / dysgeusia. 

Methods 

50 patients were included in our prospective study. 16 patients with acute SARS-CoV-2 infection, 21 recovered 
patients and 13 healthy controls were investigated using MRI scans derived from a 3T or 1.5T MRI scanner 
(SIEMENS Skyra/ Aera, Erlangen, Germany). Grey matter was segmented using the CAT12-Toolbox implemented 
in SPM12. Additonally, grey matter was labeled using the AAL3v1 atlas. Volumes of all regions of interest 
included in the atlas were exported and analyzed. 

Results 

15 patients subjectively reported anosmia, 13 patients dysgeusia. In patients with anosmia, no significant 
alterations could be found in the olfactory cortex. Both groups had significant differences in the insular cortex 
compared to healthy controls with non-significantly higher volumes in patients with anosmia. Also, in patients 
with dysgeusia, no significant differences could be found. Both groups had significant differences in the inferior 
frontal gyrus compared with healthy controls with non-significantly higher volumes in patients with dysgeusia. 

Conclusion 

Anosmic alterations in patients with COVID-19 seem to be connected to alterations in the olfactory bulbus as 
shown in preceding studies. Regarding grey matter volume, neither significant decreasing nor compensatory 
increasing neuroplastic changes could be found in the olfactory cortex in our cohort. 
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tertiäres medizinisches Zentrum 
Neurovascular emergencies during the SARS-CoV2-pandemia at a tertiary medical centre – analysis of incidence 
and outcome 
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Objective 

To assess the impact of the lockdown in Germany due to the SARS-CoV2-pandemic on the incidence and the 
outcome of neurovascular emergencies at a tertiary medical center. 

Methods 

We performed a matched-case-study on neurovascular emergencies treated between March 16th 2020 and 
January 31st 2021, beginning of the first lock down to the near-end of the second lockdown in Germany. Cases 
were retrospectively analysed with respect to incidence and outcome, and finally compared to a matching 
cohort of cases between March 16th 2019 to January 31st 2020. 

Results 

A total of 764 neurosurgical emergencies were admitted to our hospital between March 16th 2019 and January 
31st 2020 (the matched-case-control group). Of these, 95 cases were identified as neurovascular cases. 
Amongst, there were 39 symptomatic aneurysms, 3 AVMs, 12 non-traumatic subarachnoid hemorrhages 
without identifiable bleeding source, 30 non-traumatic intracerebral hemorrhages or hematocephaluses, 10 
chronic subdural hemorrhages and 1 symptomatic AVF. 

During the period of the pandemic from March 16th 2020 to January 31st 2021, there were 905 neurosurgical 
emergencies (an increase of 18%) referred to our hospital. Of these, 123 neurovascular emergencies were 
identified (+29%). There were 47 symptomatic aneurysms (increase +20%) admitted, 5 AVMS (+66%), 9 non-
traumatic subarachnoid hemorrhages without identifiable bleeding source (-25%), 40 non-traumatic 
intracerebral hemorrhages or hematocephaluses (+54 +33,3%), 19 chronic subdural hemorrhages (+90%) and 3 
symptomatic AVF. 

Mortality rate increased dramatically by 40% during the pandemic throughout all neurovascular cases. 

Conclusion 

Unexpectedly, in our study neurovascular cases raised in number and severity during the pandemic in Germany. 
Furthermore, the case fatality increased. The later may be explained by two circumstances during the 
lowckdown period. First, patients refused to seek medical help by their family physician while suffering only mild 
symptoms. Secondly, the referral times of patients in need of neurosurgical attention was much longer due to 
restricted admission at lower-level medical centers.  In a pandemic situation like the SARS-CoV2/COVID-19 it 
seems of utmost importance to retain dedicated neurovascular competence in designated centers to care for 
these emergencies. 
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Objective 

In Germany, current evidence shows that acute ischemic stroke (AIS) associated hospitalizations decreased only 
during the first wave of COVID-19, but not in waves two, three or four. Similarly, the first pandemic wave in 
Germany was the only one to be associated with an increase in AIS in-hospital mortality rates compared to pre-
pandemic levels. This study was conducted to determine the impact of the pandemic on the frequency of 
decompressive surgery (DS) for AIS and on the characteristics of DS patients. 

Methods 

We used administrative data (ICD-10 and OPS codes) from a nationwide network of 76 hospitals, representing 
about 7% of all hospitalizations in Germany, to identify patients with AIS who underwent DS during the first four 
pandemic waves. Data for each wave was compared to corresponding pre-pandemic phases in 2019. The study 
was approved by the ethics committee of the coordinating study center (490/20-ek). 

Results 

During the pandemic, 115 patients underwent DS, compared to 112 pre-pandemic cases. We found no 
difference in the rates of DS among AIS patients when comparing pandemic to pre-pandemic periods (0.4% 
each). In the wave-specific analyses, we found that, even though each wave was associated with different total 
AIS case volumes, none of the pandemic waves produced significant changes in rates or absolute numbers of DS 
compared to pre-pandemic levels. The absolute numbers of DS were as follows: wave 1: 8 [pandemic] vs. 7 [pre-
pandemic; p=0.97]; wave 2: 22 vs. 25 [p=0.78]; wave 3: 21 vs. 26 [p=0.95]; wave 4: 25 vs. 27 [p=0.47]. We 
observed no differences in patient sex, age distribution, comorbidity profiles, rates of transfer to stroke units, 
rates of mechanical ventilation, duration of hospital stay and rates of in-hospital mortality among AIS patients 
with DS in any of the pandemic waves compared to corresponding pre-pandemic levels. 

Conclusion 

Within this nationwide network of hospitals in Germany, the overall effects of the COVID-19 pandemic on DS in 
the treatment of AIS were insignificant. 
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Die praktische Anwendung der ClassIntra-Klassifikation zur Monitoring intraoperativer Komplikationen bei 
neurochirurgischen Eingriffen – eine prospektiv-monozentrische Studie 
The implementation of the classification of intraoperative adverse events (ClassIntra) for neurosurgical 
procedures – a prospective monocentric study 
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1Universitätsklinikum Hamburg-Eppendorf, Klinik und Poliklinik für Neurochirurgie, Hamburg, Deutschland 
2Universitätsklinikum Hamburg-Eppendorf, Klinik und Poliklinik für Anästhesiologie, Hamburg, Deutschland 

Objective 

Monitoring and quality improvement is increasingly important in surgery. As there are well-defined scores and 
classifications to describe the postoperative outcome regarding morbidity, mortality and neurological status, no 
validated classification for intraoperative quality exists. Dell-Kuster et al. introduced the ClassIntra Score as a 
novel classification for assessing intraoperative adverse events. It defines intraoperative adverse events as any 
deviation from the ideal intraoperative course and contains any event related to surgery and anesthesia. To 
date, the score is not yet validated for neurosurgical procedures. 

Methods 

A prospective, monocentric study between 01st July and 30th November 2021 was conducted. The ClassIntra 
severity grade for each neurosurgical procedure was evaluated during team-sign-out at the end of surgery 
(Grade 0 to V). All patients were followed up until discharged from hospital and 30 days after surgery. 
Postoperative complications were graded according to the Clavien-Dindo classification and Comprehensive 
Complication Index (CCI). Neurological status was assessed prior surgery and at discharge using NIHSS, NANO, 
GCS and mRS. 

Results 

407 neurosurgical procedures were included. Of those, 357 (87.7%) were elective surgeries, 50 (12.3%) were 
emergency surgeries. The majority (94.1%) underwent surgery for an intracranial pathology, whereas 24 patients 
(5.9%) had spine or peripheral nerve surgery. In elective intracranial surgery, a ClassIntra grade II or greater 
correlated with a significant decrease of neurological status at discharge, a significantly higher postoperative 
Clavien-Dindo grade, longer ICU and hospital stay, increased rate of unscheduled CT or MRI scan, and higher in-
hospital mortality (p<0.01). A poorer Karnofsky index, anticoagulant intake, and lower hemoglobin 
preoperatively were predictors for a higher ClassIntra grade (p<0.05). Intraoperative features (pathology, 
location, positioning, monitoring) had no influence on the ClassIntra grade. 

Conclusion 

In 407 procedures we could show a strong association between the ClassIntra grade and patients outcome. We 
highlight the potential of the ClassIntra for predicting postoperative complications, unscheduled scans, and 
prolonged ICU stay. Hence implementation of ClassIntra could have a lasting effect on postoperative care and 
improve patients outcome. 
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Objective 

Student teaching is an essential part of the training of future physicians and an integral component in the 
recruitment of young talent. The aim of the course was to expose students to brain death diagnostics in order to 
lower the inhibition threshold for non-neurosurgical junior staff in their future life. Therefore, we conducted the 
first virtual reality-based (VR) course on brain death diagnosis. 

Methods 

The course on brain death testing for all fourth-year students was conducted on a phantom only until last year. 
The theoretical background was provided in a lecture. In this pilot project (Departments of Neurosurgery and 
Computer Science & Medical School), the cohort was divided into two parts: One half performed the brain death 
examination on a phantom as usual, and the other half performed it on a virtual patient (Fig. 1 & Fig. 2) with VR 
hardware after an appropriate introduction. In addition, both groups were asked for the assessment result and 
to rate multiple subcategories using a questionnaire (1-100; disagree-agree) before and after the course. 

Results 

The course was conducted with 109 students. Sixty-one percent of the participants reported never using VR 
glasses, 37.1% did so once or rarely, and 1.9% of the students reported using VR glasses regularly. The mean 
global-rating score for the VR group was 79.4, while the phantom group was significantly lower, with a mean 
score of 67.3. There were no gender differences in the ratings. Each student was asked which course type they 
would prefer in the future if they could decide. 75.4% would prefer the VR based course form here. 

Conclusion 

We were able to show that VR-based teaching can be a modern and excellent complement to the common way 
of teaching. Despite a lack of VR experience, Generation Y students were able to quickly adapt to the new 
learning environment. VR-based instruction is an effective, focused, and economical alternative to traditional 
methods. 
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Fig. 1 
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Fig. 2 
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Paths to success – women in german neurosurgery 
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Objective 

Advances in gender equality in medicine have been achieved worldwide. In Germany, almost 70% of medical 
students are female, and the proportion of board-certified physicians is approximately 60%. However, on the 
path to leadership positions, the proportion of women becomes progressively less, with female department 
chairs being a minority. This phenomenon is particularly true in surgical specialties, and neurosurgery is not an 
exception, with only 9% of department chairs being women. This must be changed. 

Methods 

We conducted structured interviews of all female chairs in German neurosurgery since its beginning and 
gathered descriptive information on their ways into leadership positions. 

Results 

All 21 former and current female neurosurgical chairs are still alive and aged between 44 and 82 years. Having 
obtained their chair positions between 1993 and 2020, 8 of them have retired or quit their chair position due to 
personal reasons. Of those still practicing, two are directors of academic centres and 11 female neurosurgeons 
chair high-volume centres. Three female chairs do not hold professorships. German female neurosurgical chairs 
had completed their training after 6.8 ± 1.5 years, and it took them further 13.7 ± 4.5 years through the ranks 
between training completion and chair acquisition. Six female neurosurgical chairs had made working 
experiences or fellowship training abroad. Information on private life was obtained by 13 German female 
neurosurgical chairs, with 7 having children and 8 being in a relationship. 

Conclusion 

This study provides information on the small number of German female neurosurgical chairs and their long and 
winding, obstacle-ridden paths to neurosurgical leadership positions. In future, these should become historical in 
order to perceive the presence of women in leadership positions no longer as an oddity, but as self-evident 
normality, reflecting our society. However, further analyses comparing paths of both German female and male 
neurosurgical chairs are necessary for highlighting women´s difficulties on their way to neurosurgical leadership 
positions. 
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Objective 

Training in neurosurgery suffers from many traditional limitations mainly related to the cost of training. It is 
estimated that in developing countries there are approximately 5 million untreated cases each year and a 
shortage of approximately 23,000 neurosurgeons. The quality of training also concerns the HICs. In fact, 
although neurosurgery is a niche, it has been calculated to account for 19% of all malpractice cases. To address 
these issues, new simulation-based training methodologies need to be introduced. In this report we describe a 
new concept of remote hands-on training for cranial neurosurgery based on virtual and physical simulation and 
an on-line-based support from an international faculty. 

Methods 

From April 2021 to October 2021, despite the pandemic, 185 students and postgraduates from countries 
classified as LMICs took part in 11 simulation-based hands-on courses entirely based on UpSurgeOn hybrid 
simulation technology (UpSurgeOn S.r.l., Italy). The courses covered standard cranial approaches, transnasal 
neuroendoscopy and brain aneurysm surgery. Part of the international faculty gave online lectures before the 
hands-on part. 185 surveys relating to the experience were collected. 

Results 

The results of 180 surveys show a medium-high satisfaction profile relating to the use of simulation technology. 
The most favorable results concerned the frontotemporal transcranial approaches during the exploration under 
the microscope. The results highlighted points of possible improvement especially in the microdissection tasks. 

Conclusion 

Simulation-based training in countries with online support from international masters has shown promising 
impact in terms of cost-effectiveness and satisfaction in LMICs. 
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Objective 

Prognostication of glioblastoma survival has become more refined due to the molecular reclassification of these 
tumors into isocitrate dehydrogenase (IDH) wild-type and IDH mutant. Since this molecular stratification, 
however, robust clinical prediction models relevant to the entire IDH wild-type glioblastoma patient population 
are lacking. This study aimed to provide an updated model that predicts individual survival prognosis in patients 
with IDH wild-type glioblastoma. 

Methods 

Databases from Germany and the Netherlands provided data on 1036 newly diagnosed glioblastoma patients 
treated between 2012 and 2018. A clinical prediction model for all-cause mortality was developed with Cox 
proportional hazards regression. This model included recent glioblastoma-associated molecular markers in 
addition to well-known classic prognostic variables, which were updated and refined with additional categories. 
Model performance was evaluated according to calibration (using calibration plots and calibration slope) and 
discrimination (using a c-statistic) in a cross-validation procedure by country to assess external validity. 

Results 

The German and Dutch patient cohorts consisted of 710 and 326 patients, respectively, of whom 511 (72%) and 
308 (95%) had died. Three models were developed, each with increasing complexity. The final model considering 
age, sex, preoperative Karnofsky Performance Status, extent of resection, O6-methylguanine DNA 
methyltransferase (MGMT) promoter methylation status, and adjuvant therapeutic regimen showed an 
optimism-corrected c-statistic of 0.73 (95% confidence interval 0.71–0.75). Cross-validation between the 
national cohorts yielded comparable results (Figure 1). 

Conclusion 

This prediction model reliably predicts individual survival prognosis in patients with newly diagnosed IDH wild-
type glioblastoma, although additional validation, especially for long-term survival, may be desired. The 
nomogram and web application of this model may support shared decision-making if used properly (Figure 2). 

-------------- 
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Objective 

Multilevel heterogeneity is known to be characteristic for glioblastoma. With epigenetic tumor features are 
getting into focus as prognostic markers, it is likely that such heterogeneity is also to be found correspondingly. 
Whether intra-tumoral heterogeneity in these epigenetic characteristics may influence prognostic value remains 
unclear. 

Methods 

Of 154 patients suffering from primary glioblastoma, 120 patients served as the control collective while 34 
patients were compiled as test collective. MGMT, p15 and p16 promoter methylation as well as miRNA-
expression levels (miRNA-21, -24, -26a and -181d), were measured in each tumor specimen. Serving as a 
statistical baseline, epigenetic heterogeneity between tumors (inter-tumoral) was estimated within a triplet of 
three tumor probes from three different control patients. For estimation of epigenetic heterogeneity within a 
tumor (intra-tumoral), previous results were compared to three tumor specimens within one glioblastoma of a 
test patient. Resulting levels of heterogeneity were then correlated with survival and validated by an external 
TCGA data set. 

Results 

Heterogeneity in MGMT promoter methylation occurred less likely in the test group compared to the control 
group (p = 0.006). No difference in heterogeneity was observed between test and control group regarding p15 
and p16 methylation (p= 0.33 and p= 0.14). Intra-tumoral heterogeneity within the test group regarding miRNA-
21, -24, -26a and -181d expression was not distinguishable from inter-tumoral heterogeneity (p = 0.18, p = 0.32, 
p = 0.48 and p = 0.11). A homogenously increased miRNA-21 expression was associated with reduced overall 
survival (p = 0.01). The findings could be validated by comparison with TCGA datasets (p = 0.004). 

Conclusion 

Heterogeneity of distinct epigenetic characteristics in one glioblastoma may be of the same magnitude as 
heterogeneity between different patients. Not only the extent of epigenetic characteristics but also the extent of 
their intra-tumoral heterogeneity may influence survival of glioblastoma patients. Resulting, prognostic value of 
epigenetic markers in glioblastoma should be interpreted carefully. 
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Objective 

The Clinical Frailty Scale (CFS) describes the general level of fitness or frailty and is widely used in geriatric 
medicine, intensive care and orthopaedic surgery. This study was conducted to analyze, whether CFS could be 
used for patients with high-grade glioma. 

Methods 

Patients harboring high-grade gliomas, undergoing first resection at our center between 2015 and 2020 were 
retrospectively evaluated. Patients" performance was assessed using the Rockwood Clinical Frailty Scale and the 
Karnofsky Performance Scale (KPS) preoperatively and 3-6 months postoperatively. 

Results 

289 patients were included. Pre- as well as postoperative median frailty was 3 CFS points (IqR 2-4) corresponding 
to "managing well". CFS strongly correlated with KPS preoperatively (r = -0.85; p < 0.001) and at the 3-6 months 
follow-up (r = -0.90; p < 0.001). The reduction of overall survival (OS) was 54% per point of CFS preoperatively 
(HR 1.54, CI95% 1.38-1.70; p < 0.001) and 58% at the follow-up (HR 1.58, CI95% 1.41-1.78; p < 0.001), 
comparable to KPS. Patients with IDH mutation showed significantly better preoperative and follow-up CFS and 
KPS (p < 0.05). Age and performance scores correlated only mildly with each other (r = 0.21…0.35; p < 0.01), but 
independently predicted OS (p < 0.001 each). 

Conclusion 

CFS seems to be a reliable tool for functional assessment of patients suffering from high-grade glioma. CFS 
includes non-cancer related aspects and therefore is a contemporary approach for patient evaluation. Its 
projection of survival can be equally estimated before and after surgery. IDH-mutation caused longer survival 
and higher functionality. 
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Objective 

IDH-wildtype Glioblastomas (IDH-wt GBM) are molecularly heterogeneous tumors with poor prognosis and a 
high incidence in the elderly population. However, IDH-wt GBM may occur in young patients and are associated 
with a relatively better prognosis. Here, we sought to explore whether IDH-wt GBM have an age-specific 
molecular signature that correlates with patients' outcome. 

Methods 

We performed a comprehensive molecular characterization of 55 IDH-wt GBM, using Whole Exome Sequencing 
(WES) in addition to Sanger Sequencing for the TERT-promoter region. Moreover, progression- and overall 
survival (PFS, OS) data, clinical- and tumor features were collected. 

Results 

The patients' median age at diagnosis (AAD) was 58 yrs. (range: 22.9-70.8 yrs.). We divided our study cohort into 
three subgroups based on quartiles of AAD for further analysis: Group A: 22.9-40.4 yrs. (Q1), Group B: 44.5-71.0 
yrs. (Q2-3) and Group C: 72.7-79.8 yrs. (Q4). The median OS for all patients was 15.9 Mo. with a PFS of 9.5 Mo. 
The median tumor volume at initial presentation was 43.8 cm3 and correlated with AAD: 63.6 cm3 (Group A) vs. 
41.2 cm3 (Group C). 
We identified a median of 32 mutations per tumor. Exome and Sanger sequencing detected frequent alterations 
on TERT-promoter (76.4%) and EGFR (90.9% gain, 50.1% amplification, 29.1% mutation). Chromosome 7 gain 
(92.7%) and Chromosome 10 deletion (85.5%) occurred significantly less in younger patients (Group A vs. Groups 
B+C; p=0.037, p=0.013). However, other individual alterations did not correlate with AAD. Via clustering of 
various alterations (e.g. TP53, PDGFRA, ATRX), we found an association between a proneural GBM signature with 
younger AAD (p=0.036). AAD itself had an independent impact on OS: 21.5 Mo. (Group A) vs. 10.1 Mo. (Group 
C). Moreover, we described TET1-deletions on Chr. 10 in 90.1% of cases, which was not previously described in 
IDH-wt GBM. Bi-allelic TET1-deletions (32.7%) with concurrent EGFR-amplification had a significant impact on 
patient"s outcome (OS 12.2 Mo. vs. 17.6 Mo.; p=0.013). 

Conclusion 

Even though GBM signatures showed subtle association with AAD, our data suggests that there is no age-specific 
molecular pattern for IDH-wt GBM. The heterogeneity of IDH-wt GBM persists throughout the entire spectrum 
of AAD, leaving the cause of better prognosis at younger age unclear on a molecular explanatory approach. 
Finally, TET1-deletion may represent a relevant alteration in IDH-wt GBM. 
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Objective 

The role of cytoreductive surgery in patients with multicentric/multifocal glioblastoma is controversial. For the 
present study we have investigated the role of resective surgery for multicentric/multifocal glioblastoma in a 
contemporary patient cohort. 

Methods 

Imaging data from all 434 cases with glioblastoma undergoing surgery in our department 2015-2020 were 
reviewed in order to identify cases with multicentric/multifocal growth. A multicentric/multifocal growth pattern 
was defined by the presence of  ≥2 contrast enhancing lesions separated by ≥1 cm, and multicentric vs. 
multifocal growth as the presence vs. absence of a FLAIR hyperintense zone connecting the lesions. Pertinent 
clinical data were retrospectively collected and analyzed using standard statistical methods. 

Results 

We identified 73 patients with primary (IDH wildtype) glioblastoma with multicentric/multifocal growth. 38 
(52.1%) had resections of the dominant lesion(s), and 31 (42.5%) a stereotactic and 4 (5.5%) an open biopsy. 
Specific growth patterns (i.e. multicentric, multifocal, bilateral, subarachnoid and subependymal spread; lesion 
number) were not prognostic. MGMT status, and mean age, preoperative KPI and NANO scores did not differ 
significantly between resection (age: 65±13 yrs.; MGMT methylated: 51.5%; KPI: 79±13; NANO score: 2.8±1.9) 
and biopsy cases (age: 69±13 yrs.; MGMT methylated: 40.0%; KPI: 75±18; NANO score: 2.9±2.7). Median survival 
differed significantly between resective and biopsy cases (10.1 vs. 3.4 months, P=0.008). A multivariate analysis 
with resection vs. biopsy, age, KPI, MGMT status, and adjuvant therapy (radiotherapy, chemotherapy, tumor 
treating fields) as covariates revealed only radiotherapy and chemotherapy as independent predictors of the 
patients" prognosis. Postoperative KPI and NANO score changes did not vary with resection (mean KPI/ NANO 
score change: -2±14/ 0.3±2.0) vs. biopsy (mean KPI/ NANO score change: 0±6/ -0.1±1.3). 

Conclusion 

Our data suggest that resective vs. bioptic surgery in cases with multicentric/multifocal glioblastoma is safe and 
associated with a significant survival benefit. The multivariate analysis suggests that this finding may not 
necessarily reflect the impact of surgical cytoreduction. Rather, our data are in line with the view that resective 
surgery helps with the reduction of the mass effect of the tumor which is often required for effective adjuvant 
therapy. 

 
 



 

534 

 

Maligne Gliome I/Malignant gliomas I 

V226 

 
Diagnostische Diskrepanzen zwischen MRT-basierten non-Glioblastom-Befunden und postoperativen 
molekularpathologischen Glioblastom-Nachweisen entsprechend der 2021-WHO-Klassifikation 
Diagnostic discrepancy between MRI-based non-GBM like tumours and molecular GBM-confirmation based on 
the 2021-WHO-classification of CNS tumours 

F. Bytyqi1, M. Lotfinia1, A. Koch2, F. Sergejew3, E. Spüntrup3, J. Walter1, M. Walter-Diessars1 

1Klinikum Saarbrücken, Klinik für Neurochirurgie, Saarbrücken, Deutschland 
2Charité – Universitätsmedizin Berlin, Neuropathologie, Berlin, Deutschland 
3Klinikum Saarbrücken, Department of Neuroradiology, Saarbrücken, Deutschland 

Objective 

The aim of this study was to investigate the diagnostic specificity of magnetic resonance imaging (MRI) and MR 
spectroscopy (MRS) for grading of diffuse gliomas without typical glioblastoma (GBM) features against the new 
2021-WHO-classification system of CNS tumors, which is mainly based on molecular-genetic characteristics. 

Methods 

All patients that presented between 01/2020 and 12/2021 with glioma suspicious tumors, that did not fulfill MRI 
criteria for GBM and underwent surgery or biopsy were assessed. The clinical setting as well as preoperative MR 
/ MRS imaging were compared with the integrated histological and molecular diagnosis based on the 2021-
WHO-classification, including EPIC-analysis. The following groups were defined: #1 LGG (MRI) – LGG (MRS) – 
GBM (pathology); #2 LGG (MRI) – grade 3 glioma (MRS) – GBM (pathology). 

Results 

Nineteen out of 61 gliomas (31.1%) were diagnosed as low grade gliomas (LGG) based on MRI data. All of these 
tumor patients underwent biopsy or surgery for definite histological and molecular-genetic diagnosis. 13 of 
these 19 LGG (MRI) (68.4%) specimen finally were diagnosed as GBM. Preoperative MRS, which was performed 
in all patients with glioma-like MRI-lesions, already revealed grade 3 glial tumors in three of those 13 tumors. 
Whenever MRS suggested a grade 3 tumor, pathological evaluation revealed a GBM. 

Conclusion 

This study proofed a discrepancy of 68.4% between an imaging based LGG diagnosis and final GBM diagnosis in 
accordance with the 2021-WHO-criteria. Therefore, in addition to preoperative MRI scans at least MRS with 
chemical shift imaging (CSI) should be added, especially for definition of the site of biopsy. Final integrated 
molecular-genetic pathological diagnosis then reveals the most precise classification and is essential for every 
further individualized therapeutic regime. In conclusion at least biopsy should be pursued of every glioma 
suspicious lesion. 
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Objective 

5-aminolevulinic acid (5-ALA) is the most established neurosurgical fluorescent dye and facilitates the 
achievement of gross total resection in glioblastoma (GB). In-vitro studies raised the concern that antiepileptic 
drugs (AED) might reduce the fluorescence quality. 

Methods 

Between 2013 and 2018, 175 isocitrate-dehydrogenase-1 (IDH-1) wild-type glioblastoma patients underwent 5-
ALA guided surgery. Patients" data were retrospectively reviewed regarding demographics, comorbidities, 
medications, tumor morphology, neuropathological characteristics, and their association with intraoperative 5-
ALA fluorescence. 5-ALA fluorescence was graded in a 3-point scaling system (grade 0 = no; grade 1 = weak; 
grade 2 = strong). 

Results 

Univariable analysis showed that the intake of dexamethasone or AEDs, and larger preoperative tumor areas 
significantly reduced the intraoperative fluorescence activity (Fluorescence grades: 0+1). Twenty-six (78.8%) out 
of 33 patients with either no or only weak fluorescence grades (grades 0+1) took antiepileptic drugs prior to 
surgery, whereas only 7 (22.2%) patients with fluorescence grades 0 or 1 had no AEDs in their preoperative 
medication (Fisher´s exact test (two-sided): p = 0.001). Multivariable binary logistic regression analysis 
demonstrated the preoperative intake of AEDs (adjusted odds ratio: 14.71, 95% confidence interval: 4.65-46.58, 
p = 0.001) as the only independent and significant risk factor for reduced fluorescence quality (Fluorescence 
grades: 0+1).  

Conclusion 

Preoperative antiepileptic drugs seem to significantly reduce intraoperative fluorescence. Indication for AEDs in 
suspected GB might be carefully reviewed and prophylactic treatment should be avoided in this tumor entity. 
Future comparative trials of neurosurgical fluorescent dyes might have a special focus on this endpoint. Further 
trials have to validate our findings. 
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Objective 

Current treatment strategies for glioblastoma (GBM) in clinical routine are maximal safe resection, radiotherapy 
and an alkylating chemotherapy. Based on the positive survival results of the EF-14 phase III trial, adding Tumor 
Treating Fields (TTFields) to maintenance temozolomide (TMZ) constitutes an additional routine treatment 
method. The TIGER study (TTFields In GErmany in Routine Clinical Care) investigates GBM patients applying 
TTFields therapy with a focus on patients' treatment decision, health-related quality of life (HRQoL) within 4 
months after starting therapy, treatment compliance and duration. 

Methods 

This multi-center prospective non-interventional study (NCT03258021) included newly diagnosed GBM patients 
eligible for TTFields therapy. Provided they agreed to study participation, patients received an introduction to 
the therapy and baseline demographic data were collected. Reasons for decision for or against TTFields therapy 
were evaluated with a questionnaire (scale 1 (not at all)–5 (strongly)) at baseline in both arms, follow-up 
information on how patients cope with the therapy was collected 2 months after TTFields treatment start, if 
applicable. HRQoL was assessed in patients deciding for TTFields therapy at baseline, at 2 months and 4 months 
thereafter by EORTC-QLQ-C30/BN-20 questionnaires. 

Results 

710 eligible patients (259 female/451 male) were enrolled at 81 participating centers between Aug 2017 and 
Nov 2019. Their mean age was 59 years (range: 19-85). 582 (82%) decided to start TTFields and 128 (18%) 
refused TTFields treatment. The proportion of female patients was similar in both groups (36% vs 38%). The 
prospect of treatment success (mean 4.5) and doing something against their disease (4.2) were the main reasons 
for deciding to start TTFields therapy, whereas patients deciding not to apply TTFields were influenced the most 
by carrying a device (4.4). HRQoL did not decline during 4 months of TTFields therapy except for itchy skin, 
comparable to the results of the EF-14 phase 3 trial. This included global health status, social functioning, 
insomnia, headaches, and fatigue. 

Conclusion 

The TIGER study is the largest non-interventional trial on the use of TTFields in routine clinical care to date. Most 
patients were willing to undergo the therapy, with hope for efficacy and being active against their disease 
themselves as major motivators. HRQoL was not impaired during the follow-up period, except for more itchy 
skin. 
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Objective 

Fifty percent of Multiple Myeloma (MM) patients suffer from vertebral column lesions. Indications for spine 
surgery are made with restraint because of an allegedly high complication rate. Structured data assessing 
indications, strategies, and optimal timing of spine surgery is lacking. The aim of this study is to assess treatment 
algorithms and safety of different treatment strategies. 

Methods 

Patients with vertebral column lesions due to MM were enrolled at two tertiary academic oncological centers 
between 2005 – 2020. Epidemiological, clinical, radiological, oncological, surgical and outcome data were 
assessed. The clinical course and spinal instability neoplastic score (SINS) of every vertebral lesion was assessed 
in conservatively and surgically treated patients. 

Results 

A total of 450 patients with 3621 vertebral column lesions were included. 68% of the patients received surgery 
due to pain (73%) and spinal instability (68%). Most patients (76%) received spine surgery within the first year of 
MM diagnosis, 24% were subjected to surgery 1-10 years after diagnosis of the vertebral lesion. 147 (33%) were 
treated conservatively, although 81% of these patients presented with a SINS >6 and 11% with neurological 
deficits. In the surgically treated group, 65% received instrumented spine surgery and 35% cement 
augmentation. Overall surgical complication rate was 7%. SINS did not correlate with the surgical procedure 
applied. 

Conclusion 

With this study, we show that there is no standardized procedure defined for the treatment of vertebral lesions 
in MM patients. Although instrumented spine surgery can be applied with acceptable complication rates 
compared to data from metastatic spine diseases, prospective observational studies are needed to generate 
robust data on diagnostic criteria, optimal timing and technique of surgical intervention considering patient 
reported outcome measures. 
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Objective 

Cement augmentation via percutaneous vertebroplasty or kyphoplasty for treatment of spinal metastasis is a 
well-established treatment option. We assessed the impact of intraoperative intratumoral radiofrequency 
ablation before cement augmentation on dissemination of tumor cells into the vascular circulation. 

Methods 

We prospectively collected blood from patients with osteolytic spinal column metastases who underwent 
radiofrequency ablation prior immediately prior to cement augmentation and analysed the prevalence of 
circulating tumour cells (CTCs) at defined perioperative time-points: preoperatively, 5 and 20 minutes after 
cement augmentation, and 3-5 days postoperatively. We enrolled 21 patients, including 6 breast-, 6 lung-, 2 
colorectal-, 2 prostate-, 2 urothel- and 3 other tumor entities. The study was approved by the local ethics 
committee (PV5709). 

Results 

Although in some cases a clear increase of CTCs after cement augmentation was observed, statistical analyses 
did not show a significant increase of EpCAM+/CK+ CTCs in samples taken 5 or 20 minutes post-cement 
augmentation (p=0.155 and p=0.138, respectively). In comparison to a previous study, where we reported a 
significant increase of CTCs after cement augmentation without radiofrequency ablation, the current data 
suggests a reduced dissemination of tumor cells due to the intraoperative thermal ablation technique.   

Conclusion 

Intratumoral radiofrequency ablation before cement augmentation of osteolytic spinal metastases apparently 
seems to reduce the number of mechanically disseminated CTCs hinting at an immediate destructive effect. 
Follow-up analysis will determine if the radiofrequency ablation also improved the local tumor control. Our 
findings provide a rationale for the use of intraoperative radiofrequency ablation to reduce the increased release 
of CTC after cement augmentation of osteolytic spinal metastases. 
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Objective 

The Spinal Instability Neoplastic Score (SINS) is a commonly used tool to assess spinal stability in metastatic 
patients to prevent possible sequelae of spinal instability including neurological deterioration. While a SINS value 
below 7 is regarded as stable and spinal instrumentation is recommended for SINS values exceeding 12, the 
benefit of spinal instrumentation in cases of "impending instability" (SINS 7-12) is unclear and a new threshold of 
≥10 to define instability has been proposed. This study aimed to evaluate the necessity and benefit of spinal 
instrumentation in patients with SINS 7-12 with regards to neurological outcome. 

Methods 

In this retrospective study we reviewed 683 patients with spinal epidural metastases treated at our spine center 
between 2011 and 2021. All cases with a SINS of 7-12 were included and dichotomized into an instrumentation 
and non-instrumentation group for comparison of neurological outcomes using the Frankel Score. Additionally, a 
subgroup analysis of instrumented and non-instrumented patients within the subgroups of SINS 7-9 and 10-12 
was performed. 

Results 

331 (48.5%) patients were enrolled presenting with a SINS score of 7-12. The majority of those (76.1%) were 
treated with spinal instrumentation, performed more frequently in SINS 10 - 12 (85.9%) than in patients with 
SINS 7–9 (62.9%; p < 0.001). Post-therapeutic improvements in Frankel score did not differ between the 
instrumentation (43/252, 17.1%) and non-instrumentation group (16/79, 20.3%; p = 0.612). In the subgroup SINS 
7 - 9, Frankel score improved following spinal instrumentation in 12/88 cases (13.6%) and in 10/52 (19.2%) non-
instrumented cases (p = 0.577). In the subgroup SINS 10 - 12, Frankel score improved following spinal 
instrumentation in 30/164 cases (18.3%) and in 6/27 (22.2%) non-instrumented cases (p = 0.278). Complications 
were more frequent in instrumented (15.5%) than in non-instrumented (5.1%) patients (p = 0.016). 

Conclusion 

Although spinal instrumentation was the main surgical procedure in our cohort of patients with impending 
instability, there was no clear benefit in neurologic outcome compared to correspondingly SINS scored patients 
that underwent non-stabilizing treatment, even in the subgroup of SINS 10-12. While other clinical factors need 
to be accounted for, our data suggest that treatment without instrumentation should be considered in this 
patient cohort, opting for further prospective randomized trials. 
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Objective 

Spinal metastases may present with different degrees of mechanical instability. The Spinal Instability Neoplastic 
Score (SINS) was developed to assess spinal neoplastic-related instability. This study aimed to compare the 
quality of life and the overall survival between patients following surgical Instrumentation and radiotherapy and 
radiotherapy alone for spinal metastases. 

Methods 

A retrospective analysis of patients with a pathologic fracture due to a spinal metastasis with a minimum follow 
up of 12 months between January 2018 and December 2020 was performed. A matched pair analysis for sex, 
age, histology, and SINS score was performed between patients following surgical instrumentation and 
radiotherapy and radiotherapy alone.  Overall survival and ability to walk was compared between both groups. 

Results 

35 patient per group were identified. Median age was 66 SD +/- 14 and 60% were female. Most common 
Histology was breast cancer and was seen in 38% followed by bronchial cancer in 14% of cases. Unstable and 
potentially unstable fracture were seen in 74% and 26%, respectively. The overall survival was 57% and 75% in 
the radiotherapy and the surgery and radiotherapy group, respectively. Analyzing the quality of life, we choose 
the walking ability as a main feature. 92% in the interventional group are still able to walk, in contrast 80% in the 
conservative group. (P= 0.24) 

Conclusion 

Tailored surgical approach according to the SINS score results in longer overall survival and higher rates of 
preservation of walking ability in patients with spinal metastases. 
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Objective 

Navigated pedicle screw placement holds distinct advantages in spinal oncology. New implant materials such as 
carbon-fiber reinforced PEEK (CFRP) additionally increase the quality of radiological follow-up and adjuvant 
radiation therapy planning through the reduction of imaging artifacts compared to standard titanium implants. 
However, little is known about the feasibility of these implants for intraoperative image-guided spinal navigation. 
The aim of the present study is to determine the accuracy and assessability of CFRP pedicle screw implants in 
navigated spinal instrumentation due to oncologic spinal pathologies using intraoperative CT (iCT), robotic cone 
beam CT (rCBCT), and cone beam CT (CBCT) and imaging. 

Methods 

In this single-center retrospective cohort study, between 2018-2021 thirty-three patients with spinal tumors 
were treated with navigated posterior spinal instrumentation using CFRP implants, combined with iCT, rCBCT, 
and CBCT. Demographic, clinical and outcome data was assessed. Four independent observers blinded towards 
intraoperative imaging modality assessed screw accuracy and assessability. Inter-observer reliability was tested 
using Fleiss` Kappa analysis.  

Results 

A total of 243 CFRP pedicle screws were placed using spinal navigation and intraoperative imaging (iCT 93, rCBCT 
99, CBCT 51). Screw accuracy and accessibility was highest in iCT, followed by rCBCT and CBCT. Perceived 
imaging quality was rated highest in iCT, not differing between observers. Time necessitated for accuracy 
assessment was longest in CBCT in all observers. Inter-observer reliability for screw accuracy and assessability 
was lowest in CBCT, however relevant pedicle breaches were reliably detected in all imaging modalities. 

Conclusion 

The usage of iCT, rCBCT and CBCT for navigated CFRP pedicle screw placement in spinal oncology is feasible and 
screw accuracy and assessability can be reliably assessed with all three imaging modalities. 
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Objective 

Spinal metastases of the thoracolumbar junction (TLJ) are common and pose a challenge for treatment due to 
the region`s anatomy and associated high rates of neurological deficits and postoperative complications. The aim 
of our study is to compare surgical strategies for TLJ metastases (Th11-L1) with respect to complexity and 
associated complications. 

Methods 

88 patients were surgically treated with TLJ metastases in 2005-2020 at a tertiary neurosurgical care center. 
Spinal instability neoplastic score (SINS), clinical, surgical and outcome data were retrospectively analyzed. 
Patients were divided into 3 surgical groups: Decompression only (i), decompression and fusion (ii) and 
decompression and fusion with corpectomy (iii). 

Results 

28 patients were decompressed (32%), 49 patients were treated with decompression and fusion (56%), and 11 
patients received decompression and fusion combined with corpectomy (13%). In the median 5 vertebrae were 
instrumented in groups ii and iii, however with greatly varying range (3-9). Median SINS was 10 (i), 12 (ii) and 13 
(iii). Preoperative neurological deficits were most common in patients treated with decompression (57%) and 
fusion (37%), whilst no deficits occurred in patients treated with corpectomy. Mechanical pain was common in 
all patients, but higher in patients treated with fusion (ii, iii 88-91% vs. i 61%). Mean duration of surgery was 
significantly shorter in group i (149min) compared to group ii (204min) and iii (189min). Surgical complications 
occurred in 14% (i), 6% (ii), and 14% (iii), mostly as surgical site infections. Mortality associated with surgery was 
0%. No secondary Hardware failure (HwF) occurred at a median follow-up of 10 months independent of the 
number of fused segments. 

Conclusion 

In this cohort, patients with TLJ metastases received instrumentation +/- corpectomy in case of a potentially 
unstable and unstable SINS and presented with a higher rate of preoperative mechanical pain than patients 
treated with decompression alone. Patients treated with decompression showed a higher rate of other 
metastases, and more often neurological deficits. Surgical complication rate was moderate in all groups. With 
the fusion of in a median 5 vertebrae in potentially instable and instable TLJ metastases, no HwF occurred at a 
median follow-up of 10 months. Larger patient cohorts are necessary to define the actual number of segments 
that need to be fused to avoid HwF in metastases of the TLJ. 
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Objective 

Spinal intramedullary ependymomas represent a well-defined tumor entity usually warranting surgical resection. 
The perioperative morbidity and mortality, together with the oncological and neurological outcome of affected 
patients are seldomly reported on in larger clinical series.  

Methods 

A single-center retrospective analysis of all patients undergoing surgery on spinal intramedullary lesions 
between 2007 and 2020 was performed. Data collection included demographics, symptoms, clinical findings, 
histopathological diagnosis, surgical procedures, complications and neurological outcome. Patients harboring 
favorable (stable or change towards a better McCormick score) and non-favorable (McCormick score 
deterioration to ³ 2) outcomes after surgery were statistically compared. 

Results 

Retrospective analysis revealed 114 eligible patients of which 67 had an intramedullary ependymoma (IE). IEs in 
those patients (46 males and 21 females, median age 52, range 38 to 66) mostly occurred in the cervical (n=51, 
43%), cervico-thoracic (n=9, 13%) or thoracic spine (n=8, 12%). Upon admission, motor deficits or gait problems 
(McCormick grade ³ 2) were present in 40 patients (60%). GTR was achieved in 60 (90%) patients and the rate of 
surgical complications was 9 %. Histopathologically, 61 (91%) tumors were classified as WHO grade 2 
ependymomas and 6 (9%) as WHO grade 1 subependymomas. During a median follow-up period of 20 months 
(range 1 to 112 months), 60 patients (90%) showed a favorable outcome whereas 7 patients (10%) 
demonstrated a non-favorable outcome at their respective last follow-up. Postoperative neurological 
deterioration occurred in 15 patients, 8 of which re-attained their baseline neurological state in subsequent 
follow-ups. Comparison of favorable with non-favorable outcomes revealed no significant predictors for post-
operative deterioration in univariate statistical analysis. 

Conclusion 

The neurosurgical resection of spinal intramedullary ependymomas bears a favorable overall neurological 
outcome reasonable perioperative morbidity and mortality. An early surgical intervention in symptomatic 
patients could help preserve long-term neurological function. 
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Berufliche Wiedereingliederung, sportliche Aktivitäten und Aufgaben des täglichen Lebens nach spinaler 
Ependymomresektion: eine monozentrische Studie mit Langzeit Follow-Up 
Professional reintegration, activities of daily living and sports after spinal ependymoma resection – a single-
centre experience with long-term follow-up 

V. Butenschoen1, T. Gloßner1, I. Hostettler2, B. Meyer1, M. Wostrack1 

1Klinikum rechts der Isar der TU München, Klinik und Poliklinik für Neurochirurgie, München, Deutschland 
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Objective 

Adult spinal ependymoma presents a rare tumor entity. Due to its incidence peak in the fourth decade of life, it 
mostly affects patients during a professionally and physically active time of life.  

Methods 

Monocentric analysis, including patients operated upon for spinal ependymoma between January 2009 and 
September 2020. We prospectively collected data on professional reintegration, physical activities and quality-
of-life parameters using EQ-5D, SF-36 and free text questionnaires. Issues encountered in returning to work and 
physical activities were assessed using existing spinal-cord-specific questionnaires. 

Results 

Overall, 65 of 114 patients operated agreed to participate. Most patients suffered from only mild pre- and 
postoperative impairment on the modified McCormick scale, but 67% confirmed difficulties performing physical 
activities in which they previously engaged due to pain, coordination problems and fear of injuries. We detected 
a shift from full- to part-time employment and patients unable to work, independently from tumor dignity and 
neurological function. 

Conclusion 

Despite its slow growing nature and mostly mild formal neurological deficits, the studied population described 
severe difficulties returning to their preoperative physical activity and profession. Clinical scores such as the 
McCormick grade and muscle strength may not reflect the entire self-perceived impairment appropriately. 
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Genetisches und epigenetisches Profiling von spinalen Meningeomen 
Genetic and epigenetic profiling of spinal meningiomas 
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3Universitätsklinikum Hamburg-Eppendorf, Institut für Neuropathologie, Hamburg, Deutschland 

Objective 

Spinal meningiomas account for 1.2-12 % of all meningiomas and 25-45 % of all spinal tumours. About 20 % of 
intracranial, but only 4.6 % of spinal meningiomas recur and require additional treatment. Whereas the 
classification of intracranial meningiomas has evolved considerably in recent years and uses genetic as well as 
epigenetic parameters, the classification of spinal meningiomas is based solely on histopathological findings. By 
embedding epi-/genetic features, the prognosis of intracranial meningiomas could be significantly improved, 
which is still lacking for spinal meningiomas. In our work, we integrated genetic[S1]  and epigenetic parameters 
into the classification of spinal meningiomas in order to better predict the risk of meningioma recurrence and to 
guide decisions on adjuvant treatment. 

Methods 

We performed methylation profiles (850k / EPIC array) from 36 spinal meningiomas as well as targetd panel next 
generation sequencing (NGS) of 32 matching tumors . 497 intracranial meningiomas were used as a reference 
cohort. Copy number variations (CNV) were inferred from the methylation data. Principal component (PCA) and 
t-SNE analysis were conducted. Clinical and histopathological parameters (location, size, recurrence, WHO°, 
pathological subtype) were correlated with methylation signatures, that were additionally classified using the 
DKFZ brain tumour classifier.  

Results 

The methylation signature of spinal meningiomas matched to that of intracranial meningiomas (36/36), although 
subgroup assignment was achieved in only 8/36 cases[S1] . PCA and t-SNE analysis revealed that the remaining 
spinal meningioms (28/36) appear to form an individual methylation subgroup. NGS revealed mutations in NF2 
(15/32), AKT1 E17 (5/32) and PIK3CA, TRAF7, POLR2A and SMARC in (1/32). Interestingly, we were able to 
identify a methylation-based arrangement of spinal meningiomas in accordance to their localization. CNV 
revealed q22 losses, known from cranial meningiomas. 

Conclusion 

Spinal meningiomas can be correctly identified by their global methylation profile. Yet, they seem to have their 
own subgroups marked by distinct chromosomal variations, which may allow an improved prognosis that could 
lead to a better guidance for adjuvant therapy.  
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Die Assoziation von Myeloperoxidase-DNA-Komplexen und High Mobility Group Box 1 Protein mit verzögerter 
zerebraler Ischämie nach aneurysmatischer Subarachnoidalblutung 
The association of myeloperoxidase-DNA complexes and high mobility group box 1 Protein with delayed cerebral 
ischemia following aneurysmal subarachnoid haemorrhage 

P. Hendrix1, J. Witsch2, V. Spalart3, K. Martinod3, H. Schneider4, J. Oertel5, J. Geisel5, S. Hemmer5 

1Geisinger, Wilkes-Barre, PA, Vereinigte Staaten 
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4Universitätsklinikum Augsburg, Augsburg, Deutschland 
5Universitätsklinikum des Saarlandes, Homburg a. d. Saar, Deutschland 

Objective 

High mobility group box 1 protein (HMGB1) acts as a key player in aseptic inflammation. Admission serum 
HMGB1 serves as an independent biomarker predictive of delayed cerebral ischemia following aneurysmal 
subarachnoid hemorrhage (aSAH). Released by leucocytes and platelets, HMGB1 has been found to induce 
neutrophils to release condensed chromatin and protein granules, termed neutrophil extracellular traps (NETs). 
Myeloperoxidase (MPO)-DNA complexes are one major NET biomarker and have been associated with arterial 
and venous thrombosis formation. The prevalence and role of MPO-DNA in aSAH remains to be determined. 

Methods 

A post-hoc analysis of a prospective, blinded, single-center biomarker observational study to investigate the role 
of HMGB1 was performed to explore if MPO-DNA complexes can be identified in aSAH patients, and if so, 
whether their titers are associated with DCI defined as new infarction on CT-scan not adjudicated to treatment. 
Secondary analysis was performed to explore association with clinical vasospasm. Admission and day 4 serum 
samples were analyzed for MPO-DNA complexes. 

Results 

One hundred consecutive non-traumatic spontaneous SAH patients were enrolled and 83 revealed an aneurysm 
on angiography. Five patients (5/83) died <48h not allowing for DCI determination per definition. MPO-DNA 
complexes were detected in all serum samples. HMGB1 level significantly correlated with MPO-DNA levels on 
admission as well as day 4 (p<0.001, r=0.606 and p<0.001, r=0.622, respectively).In 29/78 DCI patients, MPO-
DNA levels significantly declined from admission to day 4 (p=0.036) whereas MPO-DNA levels remained stable in 
49/78 (p=0.171). Secondary analysis showed a similar reduction in MPO-DNA levels between admission and day 
4 in patients who developed clinical vasospasm (p=0.006), but not in those who did not (p=0.473). 

Conclusion 

MPO-DNA-complexes can be detected in aSAH patients and highly correlate with HMGB1 levels. A pronounced 
reduction in MPO-DNA levels in the early phase after aSAH might herald DCI. The HMGB1-NETosis axis in the 
context of DCI requires further exploration. 

 
 



 

551 

 

Subarachnoidalblutung II/Subarachnoid haemorrhage II 

V239 

 
Rolle perivaskulärer Makrophagen bei der posthämorrhagischen Mikrozirkulationsstörung nach experimenteller 
Subarachnoidalblutung 
Perivascular Macrophages, new players in post-SAH microcirculatory dysfunction? 
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Objective 

Acute and delayed cerebral ischemia is a main determinant of functional outcome after 

subarachnoid hemorrhage (SAH). Especially the first 72 hours after SAH are characterized by perfusion deficits in 
the cerebral microcirculation. Recently, inactivation of perivascular macrophages (PVM) has been demonstrated 
to improve neurological outcome after experimental SAH; the mechanisms of this phenomenon, however, are 
not clear yet. Given previous results and PVMs localization, we hypothesized that PVW are involved in the 
formation of microvascular spasms (MVS), thereby contributing to microcirculatory dysfunction. Here, we 
investigated the role of perivascular macrophages (PVM) after SAH in a filament perforation mouse model of 
subarachnoid hemorrhage. 

Methods 

PVM were depleted in C57 Bl6 mice (male, 6-8 weeks old, 20-24 g bodyweight) seven days prior to SAH by 
intracisternal injection of Clodronate (n=8); the control group received sham liposomes (n=8). Texas Red was 
injected intraperitoneally. Before SAH, Texas Reed was ip injected to label extravasated blood. SAH was then 
induced using the MCA filament perforation model under continuous monitoring of CBF and ICP. Six hours after 
SAH induction, in-vivo 2-photon microscopy was performed to directly visualize and assess the cerebral 
microcirculation via a cranial window after labelling plasma with Fluorescein isothiocyanate. Caliber variations of 
the cerebral microvasculature were then analyzed in nine standardized regions of interest. PVM location and 
depletion was verified using immunohistochemistry (CD206 and Laminin staining). 

Results 

PVM were predominantly located around 1st and 2nd order penetrating arterioles; Clodronate injection 
effectively depleted PVM compared to vehicle treated animals (p<0.01). After SAH, MVS mainly occurred in pial 
arteries (45 IQR 29 / animal), and 1st and 2nd order penetrating arterioles (19 IQR 9 and 5 IQR 6 /animal). 
Macrophage depletion significantly reduced the number of MVS per animal (to 20 IQR 29 in pial vessels, 
p=0.021, 5 IQR 5 in 1st , p=0.006, and 2 IQR 3 in 2nd order penetrating arterioles, p=0.039). 

Conclusion 

PVM seem to be implicated in the formation of microvasospasms early after SAH, and, thus, contribute to 
posthemorrhagic microcirculatory dysfunction. Investigations to further clarify the timecourse, the underlying 
mechanisms, and possible therapeutic potential of PVM, are ongoing. 
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Brain natriuretic peptide Serumspiegel bei aneurysmatischer Subarachnoidalblutung und die Vorhersage des 
funktionellen Outcomes 
Brain natriuretic peptide serum levels in aneurysmatic subarachnoid haemorrhage and the prediction of 
functional outcome 

M. Chihi1, M. Darkwah Oppong1, T. F. Dinger1, O. Gembruch1, L. Rauschenbach1, C. Rieß1, M. Gümüs1, B. Chen1, 
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Objective 

Brain natriuretic peptide (BNP) serum levels on admission have been implemented in the prediction of functional 
outcomes of several cerebrovascular diseases. The potential role of BNP in the prediction of outcomes after 
aneurysmatic subarachnoid hemorrhage (aSAH) has not yet been addressed. This study aimed to elucidate that 
relationship. 

Methods 

The authors enrolled a prospective cohort of patients in the study who were admitted between July 2016 and 
June 2021 in their own institution. Patients with a history of chronic heart/kidney failure were excluded. BNP 
levels were measured at admission. Patients' clinical (Hunt-Hess, [HH] World Federation of Neurosurgical 
Surgeons [WFNS], and Fisher grading scales) and radiographic (acute hydrocephalus, intracerebral [ICH], and 
intraventricular [IVH] hemorrhages) characteristics, as well as outcome-relevant variables such as cerebral 
vasospasm (CVS), delayed cerebral ischemia (DCI), re-bleeding before therapy, decompressive craniectomy (DC), 
and time between ictus and therapy were documented. Functional outcomes were assessed at follow-up (3 
months) using the modified Rankin scale (mRS). A mRS >3 was considered a poor outcome. 

Results 

Altogether, 169 patients were included (median age: 57 years). Patients had higher HH (4/5), WFNS (4/5), and 
Fisher (3/4) grades in 43.8% (n=74), 48.5% (n=82), and 84.6% (n=143), respectively. Poor functional outcomes at 
follow-up were statistically significantly associated with age ≥75 years (p=0.009), higher HH (p=0.0005), WFNS 
(p=0.0005), and Fisher (p=0.0005) grading scales, ICH (p=0.003), IVH (p=0.0005), and acute hydrocephalus 
(p=0.001), DCI (p=0.010) and CVS (p=0.004), DC (p=0.0005) and higher BNP levels (p=0.002). After adjusting with 
several confounders, hierarchical binomial logistic regression showed that BNP was, amongst others, an 
independent predictor of functional outcome at follow-up (p=0.007). 

Conclusion 

High BNP levels on admission could predict a poor outcome at follow-up. Further prospective studies should 
focus on explaining this yet not well-understood brain-heart crosstalk where BNP elevation merely represents 
the tip of the iceberg. 
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Die Inzidenz von cerebralen Vasospasmen und verzögerten Infarkten nach perimesencepahler subarachnoidaler 
Blutung: nicht aneurysmatische versus aneurysmatische Blutungen mit perimesencephalem Blutungsmuster 
Incidence of cerebral vasosospasm and delayed infarction after perimesencephalic subarachnoid haemorrhage – 
nonaneurysmal versus perimesencephalic subarachnoid haemorrhage caused by posterior circulation aneurysms 

B. Kranawetter1, D. Mielke1, V. Rohde1, V. Malinova1 
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Objective 

Ruptured aneurysms of the posterior circulation may present with a perimesencephalic subarachnoid 
hemorrhage (PMSAH) pattern similar to nonaneurysmal PMSAH in up to 10% of cases. Although they might look 
similar on initial CT scans, their clinical course and associated complications, such as cerebral vasospasm and 
delayed infarction, may vary. The aim of this study was to evaluate if patients with an angiographically negative 
perimesencephalic SAH were less likely to develop symptomatic vasospasm or delayed infarction than patients 
with an aneurysmal SAH with perimesencepahlic blood distribution. 

Methods 

A retrospective analysis of a series of 386 consecutive patients who presented with a spontaneous SAH to our 
institution between 2009-2020 was performed. All patients fulfilling the definition of a perimesencephalic SAH 
pattern by Rinkel et al. were included. Overall, 64 patients with a PMSAH were identified, 42/64 (66%) patients 
presented with a nonaneurysmal PMSAH and 22/64 (34%) with a PMSAH caused by a posterior circulation 
aneurysm. 

Results 

The majority of all patients presented with a SAH classified as Hunt&Hess two or below (95%, 61/64), no 
difference between patients with an aneurysmal and nonaneurysmal PMSAH was seen (p=0.096). Fisher grade, 
as expected, was low in most patients as well but varied significantly between the two groups (p<0.001). None of 
the patients with a nonaneurysmal PMSAH developed symptomatic cerebral vasospasm or delayed infarctions, 
whereby delayed infarction was diagnosed in 5/22 (23%) patients with aneurysmal PMSAH (p=0.003). Out of the 
22 patients with a PMSAH caused by a posterior circulation aneurysm, 14% (3/22) developed symptomatic 
vasospasm and 9% (2/22) had to undergo endovascular spasmolysis. 

Conclusion 

Our data aligns with the already well-known fact, that nonaneurysmal PMSAH have a benign clinical course with 
a low rate of adverse events. Aneurysmal PMSAH on the other hand, even if it mimics nonaneurysmal PMSAH in 
terms of blood amount and distribution on a CT scan, may cause severe complications and should be treated like 
any other aneurysmal SAH. The reason for the varying clinical course is not clear yet. A theory might be that 
nonaneurysmal PMSAH may be of venous origin and that the cerebral vessels react differently to venous than to 
arterial extravasated blood leading to vasospasm and delayed infarction. 

 
 



 

554 

 

Subarachnoidalblutung II/Subarachnoid haemorrhage II 

V242 

 
Hochdosiertes Noradrenalin kann das Risiko einer verzögerten zerebralen Ischämie bei Patienten mit 
aneurysmatischer Subarachnoidalblutung erhöhen: eine retrospektive Auswertung eines einzelnen Zentrums 
High-dose norepinephrine may increase the risk of delayed cerebral ischemia in patients with aneurysmal 
subarachnoid haemorrhage – a single-centre retrospective evaluation 

A. Cattaneo1, C. Wipplinger1, C. Geske1, F. Semmler1, T. Wipplinger2, J. Weiland1, A. Beez1, T. Linsenmann1, R. I. 
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Objective 

Although extensive research on potential causes of delayed cerebral ischemia (DCI) in aneurysmal subarachnoid 
hemorrhage (aSAH) patients has been conducted, the underlying mechanism remains incompletely understood. 
Sedated patients may require high doses of norepinephrine to maintain a certain mean arterial pressure (MAP). 
However, the administration of high doses has been associated with severe end organ damage. Despite of this, 
literature on the effects on cerebral microvasculature is scarce. With this study, we aimed to investigate the 
effects of norepinephrine on the incidence of DCI in a clinical setting. 

Methods 

We conducted a retrospective evaluation in patients with aSAH admitted to our institution. We analyzed 
potential risk factors for DCI while a prophylactic MAP of 90mmHg was maintained. Significant predictors were 
included into a logistic regression analysis to account for potential confounders. In addition to this, significant 
predictors for poor outcome (modified rankin scale 3 – 6) were analyzed. 

Results 

A total of 104 patients was included in this analysis. Hereof, 57 patients (55%) showed radiographic signs of DCI 
between day three and 14 post-intervention. Patients with DCI had more frequent vasospasms (n = 47 vs. 23, p = 
0.005), a higher Hunt & Hess score (3 ± 2 vs. 2 ± 1, p = 0.004), a lower initial GCS (9 ± 5 vs. 12 ± 4, p = 0.003) and 
received a higher median norepinephrine dose (21,000µg vs. 5,000µg, p < 0.001). A logistic regression analysis 
revealed that only high-dose norepinephrine administration (OR 2.96, CI 1.18 – 7.4) and angiographic vasospasm 
(OR 3.07, CI 1.2 – 7.84) appeared to be independent risk factors for DCI. When analyzing predictors for poor 
outcome in our sample, only DCI was an independent risk factor (OR 9.35, CI 2.26 – 38.71). 

Conclusion 

Our results indicate a significant association between higher dose norepinephrine administration and the 
occurrence of DCI. Future research including greater sample sizes will be necessary to further investigate the 
relationship. 
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Kontinuierliche intravenöse Kühlung- eine zusätzliche Behandlungsoption für Patienten mit schwerem 
zerebralen Vasospasmus nach Subarachnoidalblutung 
Continuous intravenous cooling – an additional treatment option for patients with severe cerebral vasospasm 
after subarachnoid haemorrhage 

S. Bele1, E. Bründl1, K. M. Schebesch1, N. O. Schmidt1 

1Universitätsklinikum Regensburg, Klinik und Poliklinik für Neurochirurgie, Regensburg, Deutschland 

Objective 

Cerebral vasospasm (CV) remains one of the leading causes for mortality and morbidity in patients suffering 
from subarachnoid hemorrhage (SAH). We established a treatment protocol for patients with severe refractory 
CV using multimodal neuromonitoring and continuous intra-arterialnimodipine infusion (CIAN)1,2 in addition to 
hypertensive therapy (HT). But even with this invasive treatment some patients still show ischemic PbtO2 values 
in multimodal neuromonitoring. We believe that those patients might benefit from moderate hypothermia. The 
presentstudy was designed to find out if continuous intravenous cooling is an additional treatment option for 
patients with severe CV. 

Methods 

When neuromonitoring controlled HHT was not sufficient to keep PbtO2 levels > 15 mmHg in patients suffering 
from severe CV, CIAN was initiated.If PbtO2 values continued to stay < 15 mmHg despite this treatment we 
additionally induced a mild hypothermia (35°C) using an intravenouscooling system via the subclavian vein. 
Outcome was evaluated 6 months after dischargeusing the Glasgow Outcome Scale (GOS). 

Results 

 Eight of 21 patients showed PbtO2 <15 mmHg despite maximum nimodipine dosage of 1.2 mg/h 

In those patients we induced hypothermia (35°C). All patients reached target temperature within 65 min and 
median cooling time was 94 h. PbtO2levels stabilized in all patients within 60 min after start of hypothermia. The 
mean PbtO2 before hypothermia start was 11,2 +/-3 mmHg andincreased to 20,9 +/-2,8 mmHg. After PbtO2 
levels were stable, rewarming was done in a controlled manner with 0.2°C/h.  At 6 months after discharge 6 
patients were GOS 4 and 2 patients GOS 5. 

Conclusion 

This small group study showed that continuous intravenous cooling using the ThermoagardXP® is a feasible 
technique to induce mild hypothermiain neurointensive care patients with a low complication rate. This method 
allows rapid and precise cool-down and the temperature can be keptstable within a small range (+/-0.2°C) of the 
predefined temperature. Mild hypothermia led to a significant improvement of PbtO2 levels in all 
treatedpatients and the outcome was good. This might be also due to the fact that hypothermia leads to a lower 
oxygen consumption of the brain and otherpositive effects, e.g. decreased endotoxicity3 or prevention of ATP 
depletion3 that might protect against hypoxic brain damage. 

We believe that mild hypothermia is a valuable treatment addition for patients suffering from severe CV. 
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Hyperoxie ist dosisabhängig mit einem Anstieg der Mortalität bei beatmeten Patienten mit aneurysmatischer 
Subarachnoidalblutung assoziiert – eine retrospektive Kohortenstudie 
Hyperoxia is dose-dependently associated with an increase of mortality in ventilated patients with aneurysmal 
subarachnoid heamorrhage – a retrospective cohort-study 
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Objective 

Adequate oxygenation in patients with aneurysmal subarachnoid hemorrhage (SAH) is imperative. However, 
hyperoxia increases formation of reactive oxygen species and may be associated with a dose-dependent toxicity. 
We hypothesized a threshold for oxygen partial pressures (paO2) above which toxicity effects precipitate and 
sought to study the effects on 30-day mortality, favorable outcome at discharge, and delayed cerebral ischemia 
(DCI) in an exploratory retrospective single-center cohort study. 

Methods 

In this retrospective single-center cohort study patients with SAH and mechanical ventilation > 72h were 
included. Oxygen integrals were calculated above thresholds: 80, 100, 120, and 150mmHg and time-weighted 
mean paO2 for the first 24h after admission as the hyper-acute phase (d1), from admission to day 3 (d3), and 
admission to day 14 (d14). Finally, we conducted multivariable logistic regression analyses adjusted for age, sex, 
duration of ventilation, and Hunt&Hess grade. Favorable outcome was defined as Glasgow Outcome Scale 4 and 
5. 

Results 

From 11/2010 until 02/2021 259 out of 549 patients fulfilled the inclusion criteria. For mortality, no significant 
association for integrals or mean paO2 on d1 and d3 was found. At d14, odds ratios for mortality increased dose-
dependently and were 1.074 (95% confidence intervals: 1.03;1.12; p=0.001) for each 1mmHg per day over 14 
days above 80mmHg, 1.183 (1.078;1.298) above 100mmHg, 1.411 (1.176;1.693) above 120mmHg, 1.691 
(1.267;2.257) above 150mmHg (all p<0.001), and 1.047 (1.017;1.079) for mean paO2 (p=0.002). No significant 
association was found for favorable outcome or DCI neither on d1, d3 and d14. 

Conclusion 

Integrals above defined thresholds were dose-dependently associated with an increase in mortality. Because any 
hyperoxia above 80mmHg was associated with an increase of mortality, these ranges, otherwise defined as 
normoxia, should be evaluated in future prospective trials. 
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Systematic assessment of early brain injury severity at admission in patients with aneurysmal subarachnoid 
haemorrhage 
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Objective 

Early brain injury (EBI) after aneurysmal subarachnoid hemorrhage (aSAH) has been increasingly recognized as a 
prognostic factor and a risk factor for delayed cerebral ischemia (DCI). While several clinical and radiological EBI-
biomarkers have been already identified, no tool for systematic assessment of EBI-severity has been established 
so far. The aim of this study was to develop an EBI-grading based on clinical signs and neuroimaging for 
estimation of EBI-severity at admission. 

Methods 

An EBI severity score was developed based on imaging parameters (subarachnoid, intraventricular and 
intraparenchymal blood amount, presence of global cerebral edema (GCE) on initial imaging), and clinical signs 
(ictal loss of consciousness [LOC]) representative for EBI. The overall intracranial blood amount was semi-
quantitatively assessed. One point was added for GCE and LOC, respectively. All points were summed up 
resulting into a score ranging from 1-5 with higher score indicating more severe EBI. The estimated EBI-severity 
was correlated with progressive GCE requiring decompressive hemicraniectomy (DHC), DCI-associated infarction, 
and functional outcome according to modified Rankin scale (mRS) at 3-month-follow up. 

Results 

A consecutive patient cohort consisting of 324 aSAH-patients with a mean age of 55.9 years was retrospectively 
analyzed.  A high WFNS-grade (4-5) was found in 44% of all patients. The aneurysm was treated by clipping in 
53%, and by coiling in 47%. The probability of severe EBI with progressive GCE and persistent coma was 9% for 
EBI-score 1, 28% for EBI-score 2, 43% for EBI-score 3, 61% for EBI-score 4, and 89% for EBI-score 5. EBI severity 
score correlated significantly with the need for DHC (r=0.25, p<0.0001), DCI-associated infarction (r=0.30, 
p<0.0001), and functional outcome (r=0.31, p<0.0001). 

Conclusion 

EBI-severity score based on clinical and imaging parameters allows an early systematic estimation of EBI-severity. 
In our study, a higher EBI-score resulted not only into progressive GCE but was also associated with DCI-related 
infarction, and poor outcome. The EBI-score could be a useful tool for patient selection requiring an early 
intervention like DHC, with the aim of preventing further brain damage, which needs a prospective validation. 
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Präoperative Diagnostik mittels Navigierter Transkranieller Magnetstimulation und DTI-Traktographie bei 
Patienten mit Inselgliomen 
Preoperative diagnostics of insular gliomas by navigated Transcranial Magnetic Stimulation (nTMS) and DTI-
Tractography 

M. Denker1, T. Picht1, A. Zdunczyk1 

1Charité – Universitätsmedizin Berlin, Klinik für Neurochirurgie, Berlin, Deutschland 

Objective 

The operative resection of insular gliomas poses a risk of permanent hemiparesis and aphasia of up to 10%. 
Through navigated transcranial magnetic stimulation (nTMS) and nTMS-based DTI-tractography motor eloquent 
brain areas can be identified, and the motoric tracts visualized preoperatively. The aim of the study was to 
evaluate to what extent neurophysiological nTMS-parameters and diffusion parameters, such as the fractional 
anisotropy (FA) and apparent diffusion coefficient (ADC), can be used preoperatively to assess the risk of 
postoperative motoric deficits (PMD). 

Methods 

We conducted a retrospective data analysis of 20 patients who underwent a bihemispheric nTMS-examination 
preoperatively and had a complete record of their pre- and postoperative motor status. A nTMS-based DTI-
tractography was performed to extract the average and peritumoral values of the diffusion parameters FA and 
ADC as well as assess the distance between the tumour and the corticospinal-tract (CST). 

Results 

The distance between the tumour and CST ≤ 1mm was identified as critical as it was associated with a new PMD 
(p = 0,007). A tumour-CST-distance of ≤ 3mm altered the peritumoral FA (pFA) and ADC (pADC) values (p = 0,045 
resp. p = 0,024) and the interhemispheric pFA and pADC ratio showed an association with a PMD (p = 0,017 resp. 
p = 0,012). Furthermore, the interhemispheric pFA ratio could predict the postoperative motor status (RR = 
0,205; p = 0,049). 

Conclusion 

These findings offer a relevant benefit for perioperative risk stratification, operative planning and intraoperative 
neuromonitoring in patients with insular gliomas. 
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Trigonaler Zugang zu Pathologien im Hinterhorn und Trigonum – die chirurgische Planung mittels TMS und 
Fibertracking 
Trigonal approach to the lateral ventricle and pathologies of the white matter – surgical strategies using TMS 
and fibertracking 

B. Reyes Medina1, S. Linsler1, S. Senger1, J. Oertel1 

1Universitätsklinikum des Saarlandes, Klinik für Neurochirurgie, Homburg a. d. Saar, Deutschland 

Objective 

Eloquent neural structures including white matter tracts surround the trigone of the lateral ventricle. Surgical 
resection of trigonal tumors via the transparietal approach may cause neurological deterioration depending on 
the trajectory. 

Methods 

We retrospectively reviewed patients with trigonal tumors that underwent combined preoperative navigated 
transcranial magnetic stimulation (nTMS) and tractography. 

Results 

Five patients underwent preoperative nTMS motor mapping, rTMS language mapping, nTMS-derived 
corticospinal tract tractography, and optic radiation tractography. The information was used to select the 
optimal trajectory for a transparietal approach and for intraoperative neuronavigation. Four patients underwent 
surgical resection. None of them experienced a new permanent deficit. 

Conclusion 

Combination of preoperative nTMS and tractography facilitates the identification of the optimal parietal 
trajectory towards the trigone. It allows for sparing of visual and motor pathways as well as cortical language 
areas. 

 
 



 

561 

 

Funktionelle Bildgebung II/Functional imaging II 

V248 

 
Die kortikal Repräsentation des N. medianus und N. ulnaris zeigt Hinweise für eine durch motorisch-eloquente 
Gliome induzierte funktionelle Reorganisation 
Cortical representation of median and ulnar nerve suggests functional reorganisation induced by motor-eloquent 
gliomas 

S. Ille1, H. Zhang1, W. Zhang1, B. Meyer1, S. M. Krieg1 

1Klinikum rechts der Isar der TU München, Klinik und Poliklinik für Neurochirurgie, München, Deutschland 

Objective 

Navigated transcranial magnetic stimulation (nTMS) has been applied in routine clinical practice to localize 
motor-eloquent regions. Yet, the cortical representation of peripheral nerves nor their alterations by gliomas 
were investigated so far. The current study therefore analyzes the impact and impairment of the median and 
ulnar nerve in patients with supratentorial tumors by nTMS motor mapping. 

Methods 

Patients with motor-eloquent gliomas within the left hemisphere were grouped according to the presence of 
motor deficits. Peripheral nerves-based hand mapping regions were analyzed in grouped patients with (n=20) 
and without (n=24) motor deficits. Cortical motor representations were analyzed, and corresponding motor 
evoked potentials (MEP) and their center of gravity (CoG) were calculated for intergroup comparison. 

Results 

Patient characteristics including gender (p=0.679), tumor type (p=0.158) and age (p=0.97) did not differ between 
groups. Total motor mapping regions (p = 0.043, 6.47±3.62 cm2 vs. 4.69±1.92 cm2) and ulnar nerve-related 
mapping regions (p = 0.026, 4.03±3.27 cm2 vs. 2.33±1.46 cm2) were both significantly extended in patients with 
motor deficits. Still, median nerve-related mapping regions were larger in patients with motor deficits showing 
borderline significance (p=0.057, 5.79±3.41 cm2 vs. 4.16±2.10 cm2). There were no significant differences in the 
CoG of the median and ulnar nerve. 

Conclusion 

The present study shows similar intergroup CoG localizations, indicating the stability of hand motor function's 
critical regions. The extended cortical representation of median and ulnar nerve in patients with motor deficits 
suggests a potential mechanism of compensation and functional reorganization induced by motor-eloquent 
gliomas. 
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Der Finde-das-Symbol Test zur klinischen Verlaufsdiagnostik von visueller Aufmerksamkeit und 
Exekutivfunktionen von Hirntumorpatienten 
The find-the-symbol test to detect and monitor deficits of visual attention and executive functions in brain tumour 
patients 

C. Schröter1, W. Anna M.1, K. Rodrian1, S. Kochs1, A. K. Rehme2, C. Nettekoven1, R. Louçäo1, D. Wiewrodt3, M. 
Löhr4, C. Jungk5, R. Goldbrunner1, S. G. NOA-191,2,3,4,5,6,7,8,9,10,11,12,13,14, C. Weiß-Lucas1 
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2Universitätsklinikum Köln, Department of Neurology, Köln, Deutschland 
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4Universitätsklinikum Würzburg, Klinik und Poliklinik für Neurochirurgie, Würzburg, Deutschland 
5Universitätsklinikum Heidelberg, Neurochirurgische Klinik, Heidelberg, Deutschland 
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7Donau-Isar-Hospital Deggendorf, Department of Neurosurgery, Deggendorf, Deutschland 
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10Hospital Chemnitz GmbH, Department of Neurosurgery, Chemnitz, Deutschland 
11HELIOS Hospital Schwerin, Department of Neurosurgery, Schwerin, Deutschland 
12Universitätsklinikum Regensburg, Klinik und Poliklinik für Neurochirurgie, Regensburg, Deutschland 
13Universitätsklinikum Freiburg, Klinik für Neurochirurgie, Freiburg i. Br., Deutschland 
14Universitätsklinikum Tübingen, Departments of Neurology and Neurosurgery, Tübringen, Deutschland 

Objective 

The Find The Symbol test (FST) was recently proposed to detect neglect, as well as other deficits of visual 
attention and executive functions, and was designed to offer repeated testings in the clinical follow-up of brain 
tumour patients, using slightly modified versions to avoid learning effects (parallel versions). We now set out to 
investigate (1) the test parallel-test reliability and (2) the clinical validity of the FST, as well as (3) the anatomical 
lesion locations correlating to poor FST performance. 

Methods 

First, 20 patients (cohort A; 50% males; median age 62 yrs) with right-hemispheric intracerebral lesions were 
tested at a single time point with five parallel FST versions in pseudo-randomized sequence to analyse parallel-
test reliability (Cronbach"s Alpha in R 3.6.3). Secondly, 232 glioblastoma patients (cohort B; 64% males; median 
age 63 yrs) were tested prior to first tumour surgery. The influence of the factors age, educational level, gender, 
and parallel test version on FST performance were tested by analysis of variance (ANOVA). The FST laterality 
indices were normalized to percentile ranks, and were correlated to the clinical neglect diagnosis. The tumour 
volumes were segmented in the preoperative CE-T1 MRIs to generate volumes of interest. A mass univariate 
voxel based lesion symptom mapping (VLSM, Brunner Munzel) was performed to correlate the functional deficits 
to anatomical lesion locations. Symptom-correlated brain regions were determined by intersecting the VLSM 
results to a standard brain atlas. 

Results 

The internal consistency of the five parallel FST versions was good (Cronbach"s alpha=0.82; confidence interval: 
0.70 – 0.93; cohort A). Accordingly, ANOVA showed no significant influence of parallel test version, age, gender, 
or educational level on the test scores (cohort B). Clinical diagnosis of neglect correlated negatively with FST 
percentile ranks (p=0.02). VLSM showed an association of poor FST performance (i.e., low percentile ranks) with 
the right-hemispheric temporo-parietal junction (supramarginal gyrus, superior temporal gyrus > postcentral 
gyrus), and the neigbouring segment of the perisylvian pathways (arcuate fascicle). 
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Conclusion 

The FST, coming with 5 well-comparable parallel versions standardized for glioblastoma patients, offers a simple 
diagnostic tool to detect deficits in spatial attention such as neglect. It seems particularly useful for testing and 
monitoring patients with lesions of the right temporo-parietal junction. 
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Ruhezustand fMRI deckt Unterschiede in der funktionellen Konnektivität zwischen tumoralen und peritumoralen 
Bereichen bei Patienten mit Glioblastomen und Gehirnmetastasen auf 
Resting-state fMRI uncovers differences in functional connectivity within tumour and peritumoral areas in 
patients with glioblastoma and brain metastasis 

K. Jütten1, J. M. Kernbach2,1, O. Jonas2,1, K. Hakvoort2,1, C. Hans3,1, D. Delev2,3,1 

1Universitätsklinikum RWTH Aachen, Klinik für Neurochirurgie, Aachen, Deutschland 
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Objective 

The recently discovered neuron-to-glioma and paracrine neuron-to-metastasis communications suggest that a 
tumor lesion may induce alterations in resting-state functional connectivity (FC). Since a proper distinction of 
healthy and infiltrated tissue remains elusive and glioma is increasingly recognized as a systemic brain disorder, 
differences within FC may help to define the tumor burden more precisely. Our aim was to investigate the 
functional link between tumor lesion and the remaining brain in both patients with glioblastoma and brain 
metastasis. 

Methods 

Preliminary analyses included 16 treatment-naîve patients, eight glioblastoma patients (mean age: 65±4 years) 
and eight patients with metastases (mean age: 58±4 years), who underwent resting-state fMRI. Tumor lesions 
were segmented, and a peritumoral mask was created by dilating the tumor mask by 10mm and subtracting the 
tumor area. While controlling for tumor volume, tumor to whole-brain FC, tumor to peritumoral FC, and 
peritumoral to whole-brain FC were determined and differences between patient groups were analyzed. 

Results 

Tumoral and peritumoral volume was comparable in both patient groups (p>.05). Tumor to peritumoral FC was 
significantly lower compared to both tumor to whole-brain and peritumoral to whole-brain FC. Furthermore, 
tumor to whole-brain FC was lower in glioblastoma patients as compared to patients with metastases 
(MedianGBM=.60, MedianMET=.63). Regarding tumor to peritumoral FC, not only did glioblastoma patients 
reveal lower median values, within-group FC varied more than in patients with metastases (MedianGBM=.25, 
SDGBM=.26; MedianMET=.29, SDMET=.18), implying differences in their infiltrative growth patterns. In contrast, 
both patient groups revealed equally high peritumoral to whole-brain FC (both Median=.60). 

Conclusion 

Resting-state fMRI suggested differences in the functional coupling of tumor and adjacent as well as distant non-
lesioned brain regions between patients with glioblastomas and metastases. The peritumoral area was 
functionally connected to non-lesional regions rather than to the tumor itself, underlining the importance of 
looking beyond the tumor margin particularly with regard to neurosurgical resection. Larger patient studies may 
allow to not only identify biological and histological markers responsible for the FC diversity within and between 
different tumor entities, but may also help to improve individualized treatment. 
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Analyse funktioneller neuroplastischer Veränderungen bei Patienten mit unterschiedlichen Glioblastom-
Tumorwachstumsmustern 
Analysis of functional neuroplastic changes in patients with different glioblastoma tumor growth patterns  

K. Hense1, L. Forster1, C. Wendl2, N. O. Schmidt1, K. Rosengarth1 

1Universitätsklinikum Regensburg, Klinik und Poliklinik für Neurochirurgie, Regensburg, Deutschland 
2Universitätsklinikum Regensburg, Institut für Röntgendiagnostik, Regensburg, Deutschland 

Objective 

Glioblastoma multiforme (GBM) WHO°IV is the most frequent and at the same time prognostically most 
unfavorable brain tumor with a heterogeneous appearance in MRI. Recent publications have shown that GBMs 
grouped into three phenotypically different subtypes are associated with significant differences in overall 
survival and signaling activity. We assume, that GBM subtypes differ not only phenotypically and in terms of 
pathway activity, but also in terms of functional neuroplasticity. 

Methods 

The sample consists of 55 retrospectively selected patients with glioblastoma who have been examined by MRI. 
The patient sample was then subdivided into two prognostically different subgroups based on the morphological 
appearance of the tumor in T1C-weighted MR-images according to defined criteria based on recent 
publications. We analyzed the percent signal change of fMRI language mapping using six language-relevant 
Regions of Interest (ROIs) as well as two control ROIs in the occipital lobe and compared them between both 
GBM growth pattern groups. In addition, we calculated group ROI-to-ROI analyses for different implemented 
network ROIs (e.g. Default Mode network, Salience network, etc.) using the CONN toolbox to detect the average 
effect of the tumor/lesion on the functional connectivity. 

Results 

When analyzing the percent signal changes in six language-related ROIs and two control ROIs, there was no 
significant difference between the two GBM growth pattern groups in any of the regions of interest. In addition, 
functional connectivity was compared between both GBM growth pattern groups. This revealed several 
differences within and between functional networks. The results showed that there were correlations that were 
more pronounced in patients with uniform contrast enhancement as well as correlations that were more 
pronounced in patients with diffuse contrast enhancement. However, these were not statistically significant 
once corrected for multiple testing. 

Conclusion 

Contrary to the assumption that the prognostically less favorable group of tumors with diffuse contrast 
enhancement should also show a lower BOLD signal reflecting the clinical picture of this tumor type, these 
patients showed a higher percent signal change some areas compared to the group of tumors with uniform 
contrast enhancement. Data of a healthy control group will be additionally analyzed to better evaluate the 
magnitude of the individual differences. 
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Postoperative Veränderungen von Kognition und funktioneller Ruhekonnektivität bei Gliompatienten 
Postoperative cognitive and functional resting-state connectivity alterations in glioma patients 

C. H. Na1,2, H. Clusmann1,2, M. Wiesmann3, V. Mainz4, K. Jütten1,5 
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Objective 

Cognitive outcome predictions in glioma patients undergoing surgery are difficult in view of the diffusely 
infiltrating tumor nature and the widely distributed neural network representations of higher order functions. 
Previous studies suggest, that functional connectivity (FC) of tumor/peritumoral areas to the rest of the brain 
might be indicative for postoperative neurological outcome. We therefore investigated, in how far FC of tumor 
lesions to the rest of the brain, as well as extralesional (EL) FC may relate to cognitive outcome in glioma 
patients. 

Methods 

18 glioma patients (11 IDH mutated) were compared to 18 healthy controls. All participants underwent resting-
state-fMRI, as well as standardized neuropsychological testing. Subjects were examined pre- and 4.5 months 
postoperatively. Tumor lesions were segmented, and tumor-to-whole-brain (T-WB) FC, as well as extralesional 
whole-brain (EL-WB) connectivity estimates were determined based on a WB parcellation using the Brainnetome 
atlas. In addition, network-specific tumor-to-frontoparietal (T-FP) connectivity, as well as extralesional 
connectivity within the frontoparietal network (EL-FP) were determined accordingly, and partial correlations 
with test metrics analysed, as well as FC was compared between patients with better and worse cognitive 
outcome. 

Results 

Preoperatively, patients performed worse compared to healthy controls, which was significant with regard to 
verbal recall (p<.01). Postoperatively, cognitive performance further deteriorated in patients, albeit significantly 
only with regard to attention (p<.05). While neither T-FP, T-WB nor EL FC significantly correlated with task 
performance, patients with better postoperative attentional performance showed preoperatively lower T-FP 
connectivity (by trend, p<.052) compared to worse performing subjects. Moreover, patients with better 
attentional performance showed postoperatively significantly higher EL-FP connectivity in the contralesional 
hemisphere (p<.046) than worse performing subjects. Although EL-WB functional connectivity significantly 
decreased longitudinally (p<.01) in patients, mean EL-FP connectivity was maintained. 

Conclusion 

Extralesional FC longitudinally decreased in glioma patients, but frontoparietal connectivity was maintained. FC 
of tumor to task relevant extralesional brain regions may provide cognitive outcome estimates in some glioma 
patients, but needs as well to take into account functional (re)organization of extralesional brain regions. 
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Die funktionelle Kopplung zwischen Läsion und Gehirn ist bei Glioblastomen eher mit der typischen neuronalen 
Konnektivität vergleichbar als bei Hirnmetastasen 
Functional lesion-brain coupling in glioblastoma is more comparable to typical neural connectivity than in brain 
metastases 

J. M. Kernbach1,2,3, K. Jütten1, J. Ort1,2,3, K. Hakvoort1,2,3, G. Neuloh1,3, H. Clusmann1,3, D. Delev1,2,3 
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Objective 

Recent investigations uncovered differences in the cellular communication between neurons and tumor cells in 
glioma and brain metastases. Glioma infiltration was shown to severely impact astrocyte-mediated 
neurovascular coupling and consequently the hemodynamic responses. Alterations of the functional 
hemodynamic response hence suggest distinct macroscopic differences in the overall tumor lesion-brain 
coupling. Our aim was to uncover differences in the functional coupling between whole-brain and the tumor 
lesion in patients with glioblastoma and brain metastases. 

Methods 

Preliminary analyses included 16 treatment-naîve patients with 8 glioblastoma (mean age: 65±4y) and 8 patients 
with brain metastases (58±4y). Lesions were semi-automatically segmented based contrast-enhanced T1-
weighted image. Mean time series were extracted within the tumor lesion as well as mirrored to the 
contralesional hemisphere. Functional connectivity was computed for both seed regions of interest. The 
connectivity maps were subtracted to create a BOLD asynchrony map. Positive values reflect a pathological 
deviation from the typical global signal of the contralesional hemisphere. Mean asynchrony was computed and 
differences between patient groups were analyzed while controlling for tumor volume. 

Results 

Brain metastases depicted much higher median asynchrony values (median = 4.16, SD=12.28) than lesions in 
glioblastoma (0.65, SD=8.05). In glioblastoma, the overall seed-to-global connectivity was hence much more 
comparable to the vital contralesional brain tissue. Based on the preliminary nature of the analysis and small 
sample group difference did not reach statistical significance. The tumor volume did not differ significantly 
between glioblastoma and brain metastases (p>.05). 

Conclusion 

Our BOLD imaging-based evidence suggests differences in the lesion-to-global connectivity in patients with 
glioblastoma and brain metastases. Lesion-brain coupling in glioblastoma is overall more comparable to a typical 
neural signal processing. In contrast, brain metastases deviate stronger from the contralesional global 
connectivity signal suggesting a hemodynamic uncoupling from the typical neural communication. Larger patient 
studies may further uncover the electrophysiological connections underlying primary brain tumors and 
potentially lead to biomarkers reflecting lesion-brain coupling informing individualized treatment decisions. 
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Beschleunigte Rehabilitation motorischer Defizite nach supratentorialer Tumorresektion mittels repetitiver 
navigierter transkranieller Magnetstimulation (rnTMS) 
Repetitive navigated Transcranial Magnetic Stimulation (rnTMS) to facilitate recovery of motor deficits after 
supratentorial tumour resection 

M. Engelhardt1,2, H. Schneider1, J. Reuther3, P. Vajkoczy1, T. Picht1,2,4, T. Rosenstock1 

1Charité – Universitätsmedizin Berlin, Klinik für Neurochirurgie, Berlin, Deutschland 
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Objective 

Recently, the positive effect of rnTMS in ischemic postoperative motor deficits was demonstrated. The aim of 
the present study was to investigate the effect of rnTMS on motor deficits caused by direct surgical impairment 
of the motor system. Specifically, we hypothesized that rnTMS therapy normalizes the interhemispheric 
excitability, leading to a facilitated rehabilitation and improvements in investigated outcomes early on. 

Methods 

30 patients (age 51 ± 12 years, range 30-72 years, 14 females) with supratentorial tumors and new 
postoperative motor deficits were recruited immediately postoperatively for this randomized, double-blinded, 
controlled clinical trial. Patients received rnTMS treatment (1Hz, 110% RMT, 15 minutes, daily for seven days) or 
sham stimulation to the motor cortex contralateral to the injury followed by 30 minutes of physiotherapy. Motor 
function was assessed using the Fugl-Meyer score at the beginning and end of rnTMS therapy as well as one 
month and three months after the end of rnTMS. Secondary endpoints included additional assessments of 
motor and neurological function as well as quality of life. 

Results 

Compared to the sham group, median Fugl-Meyer scores were higher in the active rnTMS group at the end of 
therapy and the one-month follow-up (day 7: 33 vs. 4, p = 0.046; month 1: 56.5 vs. 6, p = 0.010). Similarly, 
patients in the active arm presented with a better motor status of distal (day 7: 2.5 vs. 0, p = 0.024; month 1: 5 
vs. 0, p = 0.008) and proximal muscles of the affected extremities (day 7: 3.5 vs. 0.5, p = 0.020; month 1: 5 vs. 1, 
p = 0.010) as well as higher finger tapping scores (day 7: 43 vs. 0, p = 0.003; month 1: 47  vs. 0, p = 0.007) and 
Karnofsky Performance Status (month 1: 80 vs. 50, p = 0.028) compared to sham. There were no significant 
differences between both groups in quality of life or three months postoperatively in any of the previously 
stated outcomes. 

Conclusion 

RnTMS therapy is a promising treatment tool for both ischemic- and structure-related postoperative motor 
deficits, specifically improving early rehabilitation. In consequence, a faster recovery potentially shortens the 
time to adjuvant tumor therapy, reduces the emotional burden on the patient and lowers socioeconomic costs. 
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Intensivmedizinische Überwachung nach elektiven Kraniotomien – Kann ein Score unterscheiden, welche 
Patienten dies brauchen? 
ICU after elective craniotomies – Can a score help identify those who need it? 

S. Schmidt1, A. Nohman1, A. W. Unterberg1, J. O. Neumann1 

1Universitätsklinikum Heidelberg, Neurochirurgische Klinik, Heidelberg, Deutschland 

Objective 

Following elective craniotomy, patients are usually monitored at the ICU for 24 hours. However, studies have 
shown that most do not need any specific intervention. While certain risk factors for the need of intensive care 
intervention have been identified, we lack the tools to evaluate each patient to stratify the need for 
postoperative ICU monitoring. 

Methods 

1000 patients were evaluated retrospectively after receiving an elective craniotomy. Data concerning 
demography, patient history, diagnosis, radiological findings as well as the intraoperative and postoperative 
course was collected. We defined several therapeutic measures requiring either ICU or IMC monitoring, such as 
new or worsening neurological deficits, ICP-monitoring, reanimation, reintubation, intravenous blood pressure 
therapy or revision surgery. Two common machine learning methods, neuronal networks and boosted decision 
trees, were trained using 800 patients from our data set. Relevant risk factors were identified and the clinical 
effect of risk stratification using machine learning methods were evaluated by simulation in a validation cohort 
of 200 patients. 

Results 

90% of patients were monitored in an ICU/IMC setting, of which less than half received any of the 
aforementioned interventions. Only 1% of the patients had to be transferred to the ICU after being transferred 
directly to the surgical ward. Using machine learning methods, a AUC-ROC of over 80% could be achieved. 
Choosing a sensible threshold, a level of roughly 1% false-negative predictions could be maintained, while 
significantly reducing the planned ICU admission rate to about 60%. 

Conclusion 

Our data show that using machine learning methods for risk stratification, a larger number of patients with a low 
risk for postoperative ICU intervention can be identified and transferred directly to the surgical ward while 
maintaining the safety level previously achieved with conventional decision-making. 
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Einführung des No ICU – unless Konzepts in die Versorgung von Patienten nach elektiver Kraniotomie 
Implementation of the No ICU – unless concept in the postoperative care of patients after elective craniotomy 
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Objective 

In many neurosurgical departments, patients routinely receive 24-hour intensive care monitoring after elective 
craniotomy. However, there is no scientific evidence for the benefit of intensive medical monitoring in 
postoperative patients. Due to the current COVID-19 pandemic, there are further limitations in ICU capacities. 
The aim of this study was to evaluate the complication profile of a "No ICU – unless" strategy and a comparison 
to the standardized management of postoperative patients on the ICU. 

Methods 

Two postoperative policies were compared in two matched cohorts retrospectively: Cohort A with 96 patients 
who received treatment between May and August 2021 according to the No ICU - unless concept, where 
patients were managed on the normal ward. Control cohort B contained 75 patients who were routinely 
admitted to the ICU between February and April 2021. Detailed complication profile, length of hospital and ICU 
stay, duration to first postoperative mobilization, number of unplanned CTs/MRIs before planned postoperative 
imaging, number and type of intensive care interventions, and preoperative and postoperative mRS were 
collected from electronic medical records and compared. 

Results 

Complication rates were comparable in both cohorts (16% in cohort A vs. 17% in cohort B). The cohorts did not 
differ significantly in any of the evaluated parameters. The length of hospital stay was shorter in cohort A but did 
not reach statistical significance (Ø 5.8 vs. 6.8 days, p=0.481). The distribution of preoperative and postoperative 
mRS did not differ significantly. 

Conclusion 

Patients who were treated postoperatively on the normal care unit had a comparable complication rate to 
patients who were managed on the ICU. In addition, most complications occurred after the 24-hour observation 
period. The outcome of both cohorts was similar, with no significant difference in mRS at discharge.  

Since both cohorts did not differ significantly, we conclude that the No ICU – unless concept is a potential and 
safe strategy to avoid ICU overutilization during the COVID-19 pandemic. 
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Dekompressive Kraniektomie bei zerebraler Sinusthrombose – ein systematischer Überblick 
Decompressive craniectomy for cerebral venous sinus thrombosis – a systematic review 

T. Beez1, D. Hänggi1, K. Beseoglu1 

1Universitätsklinikum Düsseldorf, Klinik für Neurochirurgie, Düsseldorf, Deutschland 

Objective 

Decompressive craniectomy (DC) is an evidenced-based treatment option for ischemic stroke and traumatic 
brain injury. However, its role in the management of severe cerebral venous sinus thrombosis is less clearly 
characterised. We present a systematic literature review of clinical studies. 

Methods 

In August 2021, a PubMed search for the terms "venous sinus thrombosis" combined with "craniectomy", 
"decompressive craniectomy" and "hemicraniectomy" yielded 158, 53 and 23 results, respectively. After 
exclusion of duplicates and manual selection, 30 relevant publications were included. The overall Oxford level of 
evidence is 4, i.e. studies without control group. 

Results 

We performed a pooled analysis of 220 patients (150 female, 63 male, 7 not reported). Median age was 36 (15-
60) years. Median time between onset and therapy was 48 (3-192) hours. Pregnancy/puerperium (N=23) was 
commonly reported as the predisposing condition. Of note, 4 cases of Covid19-vaccination within the previous 8 
(2-12) days were included. These patients had raised D-dimer and low platelets/fibrinogen. Median GCS prior to 
DC was 7 and, among studies reporting on pupillary findings, 87% had at least unilateral mydriasis. The most 
commonly occluded sinus was the superior sagittal sinus (N=95). In addition to venous infarction/oedema, 
haemorrhage was reported in 136 cases. Hemicraniectomy was the main surgical procedure, combined with 
hematoma evacuation (N=18) or open thrombectomy (N=4). Neurointerventional thrombectomy was reported 
in 10 cases. The most common anticoagulation strategy was heparin/LMWH in the acute and vitamin K 
antagonist/direct oral anticoagulant in the postacute phase. Good outcome (mRS 0-2) was reported in 57% 
(N=108), poor outcome (mRS 3-5) in 15% (N=29) and death (mRS 6) in 27% (N=51). Of note, all 4 patients with 
previous Covid19-vaccination died. Postoperative infection was the main complication (N=18), whereas 
postsurgical hematoma was rarely reported (N=2). 

Conclusion 

In this pooled cohort, the typical patient was young and presented with coma and abnormal pupils due to 
haemorrhagic venous infarction. Hemicraniectomy was the most common neurosurgical procedure. Despite 
common perioperative anticoagulation, haemorrhagic complications were rarely reported. Outcome appears to 
be better, compared to ischemic stroke studies. Of note, outcome of the few reported patients with cerebral 
venous sinus thrombosis and low platelets after Covid19-vaccination was dismal. 
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Ist dekompressive Kraniektomie besser als Standardversorgung für Patienten mit gesteigertem intrakraniellem 
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Is decompressive craniectomy better than standard care alone for increased intracranial pressure – a systematic 
review and meta-analysis 
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1University of Oxford, Department for Continuing Education, Oxford, Vereinigtes Königreich 
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Objective 

Increased intracranial pressure (ICP) is a common but potentially life-threatening pathology in Neurology and 
Neurosurgery. Decompressive craniectomy (DC) is a surgical procedure, which significantly reduces ICP and 
mortality, but its role in improving neurological outcomes is still controversial. This meta-analysis explores the 
efficacy of DC in improving neurological outcomes and reducing mortality compared to standard care alone in 
patients with conditions causing increased ICP. 

Methods 

Seven databases were searched from their inception until 14th February 2021. Studies were included if they 
compared neurological outcomes between patients who underwent DC in addition to standard care versus 
standard care alone in acute conditions involving increased ICP. Two reviewers independently screened full-text 
publications for eligibility and extracted the relevant information. The primary outcome was the standardised 
mean difference (SMD) for the neurological outcome at short-term (1-6 months) and long-term (> 6 months), 
and the secondary outcome was the risk ratio (RR) for mortality. The pooled effects were calculated using 
random-effects models. Subgroup analysis and meta-regression were conducted. Publication bias was 
investigated through Egger's test. The quality of evidence was assessed using GRADE approach.   

Results 

A total of 77 studies (5,970 patients) were included. In the short term, DC improved neurological outcomes more 
than the standard care alone (SMD= 0.46, 95% CI 0.3-0.61), but in the long-term, the pooled effect was not 
significant (SMD= 0.19, 95% CI -0.08-1.24). Mortality was lower after DC, both at short-term (RR= 0.62, 95% CI 
0.54-0.72) and at long-term (0.73, 95% CI 0.60-0.88). In the subgroup, DC was most effective in patients with 
malignant middle cerebral artery infarction at short-term (SMD= 0.83, 95% CI 0.62- 1.04) (Fig. 1) and long-term 
(SMD= 0.59, 95% CI 0.22- 0.97) (Fig. 2). Three variables have significantly associated with the effect size in the 
univariable meta-regression: Glasgow Coma Scale, midline shift, and age; however, in the multivariable, all B-
coefficients were non-significant. Egger's test was at short-term significant (p-value= 0.004), and non-significant 
at long-term (p-value= 0.319). Overall, the quality of the evidence was low.  

Conclusion 

This meta-analysis demonstrated that DC improves mortality in patients with increased ICP, but the positive 
effect on neurological outcomes can be only demonstrated in the first six months. 
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Ist Ultraschall eine mögliche Alternative zum CT-Scan bei Intensivpatienten mit dekompressiver 
Hemikraniektomie? 
Is ultrasound a possible alternative to CT-scan in intensive care patients with decompressive hemicraniectomy? 

A. Cattaneo1, A. Beez1, C. Wipplinger1, K. Lamllari1, A. F. Keßler1, T. Linsenmann1, C. Stetter1, E. Kunze1, R. I. 
Ernestus1, T. Westermaier2, M. Löhr1, J. Weiland1 
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2Helios Amper-Klinikum Dachau, Neurochirurgie, Dachau, Deutschland 

Objective 

Decompressive hemicraniectomy (DC) is the surgical therapy of choice in cerebral edema due to trauma, 
subarachnoid hemorrhage, and stroke. Patients in critical phase often need a frequent imaging control. Bedside 
ultrasound (US) may be a possible alternative to the conventional diagnostic methods as computer tomography 
(CT) and may help to reduce the number of transports and CT-scans. The aim of this observational pilot study is 
to assess the agreement between CT-scan and bedside transcranial sonography in patients after decompressive 
craniectomy. 

Methods 

55 patients with DC after trauma (18), SAH (16), stroke (11) and before cranioplasty after DC (10) were scanned 
by bedside ultrasound (Siemens acuson x700), using the 4V1c the 4C1 transducer with penetration depth of 10 
to 18 cm in coronal and axial level, starting on the first postoperative day analogous to scheduled first CT-Scan. 
Midline shift, edema and extent of hemorrhage were measured in millimeters and these data correlated with 
measurements of the CT-scans. Moreover, we measured maximum bifrontal diameter, bicaudate diameter, Cella 
media, 3. Ventricle width as parameters for the ventricular system. Levene index, bifrontal index and the 
bicaudate index were calculated. 

Results 

In our study, we included 55 patients, 29 females and 26 males with a mean age of 47.7 years. Our group of 
patients underwent a mean of 6.9 control CT-scans during the hospital stay and a mean of 4.3 CT-scans from the 
date of craniectomy. The measured changes in ventricular width as well as midline shift as indirect signs for 
edema in ultrasound correlated positive in all cases with the results of the CT-scans (p < 0.001). The mean 
difference between CT-scans and US in all the measured parameter for the ventricle system was 1,07mm (SD 2,3 
mm). 

Conclusion 

The results of this single center observational pilot study suggest that bedside ultrasound appear to be a 
sufficient fast diagnostic technique to monitor the course of intracranial pathologies as well as a very precise 
method to measure the intracranial ventricular system. Different questions usually addressed to CT can be 
answered with similar accuracy by bedside US. The reduction of CT-scans has also the positive effect of reduced 
radiation exposure and costs. Thus, the number of potentially risky intrahospital transports may be reduced. 
Further prospective trials are necessary to confirm these promising results. 
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Frühe lumbale Liquordrainage reduziert die Rate an Wundheilungsstörungen in Patienten nach dekompressiver 
Hemikraniektomie 
Early lumbar drainage reduces wound infections after decompressive hemicraniectomy 

P. Truckenmüller1, A. Früh1, S. Wolf1, R. Ahlborn2, P. Vajkoczy1, A. Zdunczyk1 

1Charité – Universitätsmedizin Berlin, Klinik für Neurochirurgie, Berlin, Deutschland 
2Charité – Universitätsmedizin Berlin, Geschäftsbereich IT - Klinische Verfahren, Berlin, Deutschland 

Objective 

Wound healing disorders and surgical site infection count up to the most frequently encountered complications 
after decompressive hemicraniectomy (DHC). Subgaleal CSF accumulations cause additional tension of the scalp 
flap and thereby increase risk for wound dehiscence, CSF fistula and infection. Lumbar CSF drainage might 
relieve subgaleal CSF accumulation and is often used when a CSF fistula through the surgical wound appears. The 
aim of this study was to investigate if an early lumbar drainage might reduce the rate of postoperative wound 
revisions after DHC. 

Methods 

The authors retrospectively analyzed 73 consecutive patients who underwent a DHC from 01/2019 to 05/2021. 
Before 01/2020, patients did not routinely receive a lumbar drain, whereas after 01/2020, we changed our 
clinical practice and applied an early postoperative lumbar drain after DHC. In the drainage group, patients 
received a lumbar drain within three days after DHC for a total 4 (2-5) days if the first postoperative CT scan 
confirmed open basal cisterns. The other group received conventional treatment. Primary endpoint was severe 
impairment of wound healing requiring surgical revision. Secondary endpoints were the rate of sugbaleal CSF 
accumulations and hygromas on postoperative CT scans as well as the rate of paradoxical herniation occurring in 
the drainage group. 

Results 

34 patients with and 39 patients without lumbar drainage within the first three postoperative days were 
included. Predominant underlying pathology was malignant hemispheric stroke (58.8% vs 66.7%) followed by 
traumatic brain injury (20.6% vs. 23.1%). The rate of surgical wound revisions was significantly lower in the early 
drainage group (5 (14.7%) vs 14 (35.9%); p = 0.04). One patient was subject to paradoxical herniation, however, 
symptoms rapidly resolved after lumbar drainage was discontinued and he survived with only moderate deficits. 
Further, two patients in the drainage group required revision with evacuation of progressive subdural hygromas. 
In the drainage group, the rate of radiological herniation signs was not increased. Median ICU stay was similar 
with 12 days (IQR 9-23) in the drainage group compared to 13 days (IQR 11-23) in the control group (p = 0.21). 

Conclusion 

In patients after DHC and open basal cisterns in the postoperative CT scan, early lumbar drainage appears to be 
safe and might reduce the high rate of surgical wound revisions after DHC, while the risk for provoking 
paradoxical herniation is low early after surgery. 
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Schwingungsanalysen als unterstützendes Element auf dem Weg zu einem sicheren und verlässlichen Hirndruck 
Monitoring über lumbale Drainagen 
Oscillation analysis as a supporting element towards a safe and reliable lumbar catheter intracranial pressure 
monitoring 

A. Früh1, S. Wolf1, L. Wessels1, P. Vajkoczy1, N. Hecht1 

1Charité – Universitätsmedizin Berlin, Berlin, Deutschland 

Objective 

Objective: For treatment of refractory increased intracranial pressure (ICP), a controlled lumbar drainage (LD) of 
cerebral spinal fluid is accepted as a last tier treatment option. On the other hand, LD in acute brain injury 
remains associated with the fear of tentorial herniation, because reliable biomarkers for prediction and 
detection of tentorial herniation during LD remain lacking. In this study, we hypothesized that an alteration of 
the conduction of pulsatile waveforms across the level of foramen magnum might serve as a predictor for brain 
herniation in patients with acute brain injury and controlled LD for treatment of refractory increased ICP. 

Methods 

Methods: This retrospective, single-center study included 142 patients with continuous external ventricular 
drain (=ICP) and lumbar drain pressure (=LP) monitoring. In all patients, continuous recordings of ICP, LP and 
arterial blood pressure (=ABP) were screened throughout a recording period of 4-10 days. Pressure differences 
between ICP and LP >5mmHg over 5 minutes were defined as a Delta (D)-Event, implicating a non-sufficient 
hydrostatic communication. During this period, ICP-, LP- and ABP-wave-form oscillation analysis was performed 
by determining eigenfrequencies (EF) and their amplitudes (AEF) via Fourier-Transformation scripted in Python. 
Since oscillatory behavior analysis is independent of absolute values, potential confounders such as height 
difference between drainage and head position did not affect results. Schematic data processing is 
demonstrated in Figure 1. 

Results 

Results: Out of 142 screened patients with 2993 hours total recording time, 14 patients exhibited a D-Event with 
a median ICP of 12.2mmHg (range 10.7-18.8mmHg) and LP of 5.6mmHg (range 3.3-9.8mmHg). During the event, 
the median of the first two AEF of LP decreased from 1.11mmHg (range 0.34-3.62mmHg) to 0.48mmHg (range 
0.17-0.83mmHg), while AEF of ABP and ICP remained stable. The ratio of first AEF between ICP and LP (*p<0.01) 
and between ABP and LP (*p=0.032) significantly increased 3 hours prior to the D-Events, whereas the ratio 
between ICP and ABP remained unaffected. 

Conclusion 

Conclusion: The oscillation behavior of LP curves changes during D-Events and the ratio of AEF between ABP and 
LP may serve as a simple and safe surrogate biomarker to identify D-Events during LD at bedside in real-time 
without the need for ICP monitoring. 
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Semi-invasive Implantation kortikaler Elektrokortikographie-Elektroden im Rahmen der Anlage einer externen 
Ventrikeldrainage für die Untersuchung von Spreading Depolarizations 
Semi-invasive placement of cortical electrocorticographic grids during implantation of external ventricular drain 
for assessment of spreading depolarisation 

F. Meinert1, P. Dömer1, S. Helgers1, R. Sánchez Porras1, M. Schrammel1, E. Santos1, N. Hecht2, M. Bergold3, C. 
Byhahn3, J. Woitzik1 

1Evangelisches Krankenhaus Oldenburg, Universitätsklinik für Neurochirurgie, Oldenburg, Deutschland 
2Charité – Universitätsmedizin Berlin, Klinik für Neurochirurgie, Berlin, Deutschland 
3Evangelisches Krankenhaus Oldenburg, Anaesthesiology, Oldenburg, Deutschland 

Objective 

Detection of early secondary injury is crucial for better outcome in patients with malignant stroke, spontaneous 
aneurysmatic subarachnoid haemorrhage or traumatic brain injury. Intracranial electrocorticography (ECoG) is 
an important part of multimodal continuous bed-side and real-time monitoring and is used to detect 
pathological cortical network events such as spreading depolarizations (SD) as well as ictal epileptiform events 
(IEE). The early detection allows intervention prior to tissue damage, hence monitoring SDs becomes more 
important and has an increasing impact on therapeutic decision making. While ECoG grids are commonly 
implanted during craniotomy or hemicraniectomy, we present a less invasive approach of ECoG electrode 
implantation in patients who undergo minimal invasive surgery such as burr hole craniotomy. 

Methods 

A burr hole craniotomy was performed for insertion of a ventricular drain. During this procedure an implantation 
of a spencer-type depth electrode was performed. A cottonoid was placed on the cortex for protection and to 
permit gentle pressure of the cortical surface. Subsequently, the electrode stylet was retracted in a stepwise-
fashion and the electrode was advanced carefully into the subdural space until all contacts were completely 
inserted. Afterwards, the cottonoid was removed and the electrode was tunneled with a peripheral venous line.  

Results 

Placing the ECoG electrode via burr hole craniotomy is feasible. In a first group of 7 patients with subarachnoid 
haemorrhage, ECoG monitoring was performed over an average period of 167.25h. No infection or other 
complications in association with electrode implantation were noted. SDs were observed in 3 patients (mean 
22.3 SDs ± 8.37). In 2 of those patients, SDs occurred in clusters. For inhibition of these cluster SDs, esketamine 
treatment was performed for 3 and 5 days respectively, resulting in an effective suppression of SD-clusters. 

Conclusion 

We illustrated the feasibility of a less-invasive electrode implantation technique that merely requires a burr hole 
craniotomy and opens the possibility of routine ECoG electrode implantation in patients who do not require a 
primary surgical procedure. This multimodal bed-side neuromonitoring allows an early therapeutic intervention 
in response to pathological cortical network events, even in non-responsive patients. 
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Prognose strukturell bedingter akut-symptomatischer Anfälle 
Prognosis of acute symptomatic seizures due to structural brain damage 
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Objective 

Neurosurgical conditions and interventions are often complicated by acute symptomatic seizures. These bear a 
low risk of subsequent unprovoked seizures (<20% per 10 years) which means that they are not to be mistaken 
with epilepsy. In epilepsy, the risk of subsequent unprovoked seizures is >60% per 10 years (Hesdorffer 2009 
Epilepsia). Current guidelines recommend to not apply long-term antiseizure medication after acute 
symptomatic seizures which is nevertheless frequently started (Vorderwülbecke 2018 J Neurol). Former studies 
did not control for the use of antiseizure medication. We hypothesised that after a first acute symptomatic 
seizure of structural aetiology treated according to current guidelines, the 12-months risk of unprovoked seizure 
relapse is <25%. 

Methods 

We present a multicentre, prospective, single-arm, open observational study. Subjects aged ≥18 with an acute 
symptomatic first seizure were included if there was no status epilepticus. Patients are followed up during their 
intra- and posthospital course for a total of 12 months. Unprovoked seizure relapse is the study"s primary 
endpoint. The study was prospectively registered in the German Clinical Trials Register (DRKS00017811). 

Results 

Between September 2019 and July 2021, 10 centres across Germany recruited 115 patients with acute 
symptomatic seizures of structural aetiology. As of January 2022, across the whole study cohort including 66 
participants with complete follow-up (57%), nine had an unprovoked seizure relapse. The resulting Kaplan-Meier 
estimator at 12 months is at 11%. Ongoing antiseizure medication did not prevent unprovoked seizures. By the 
time of the DGNC congress in May 2022, follow-up will be completed in >90% of participants. 

Conclusion 

Our data confirm that acute symptomatic seizures due to recent structural brain damage may not be confused 
with epilepsy. In times of personalised medicine, physicians should refrain from initiating long-term antiseizure 
treatment after acute symptomatic seizures. 
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Effect of tumor treating fields (TTFields) on tumor microtubes in glioma 
Effect of Tumour Treating Fields (TTFields) on tumour microtubes in glioma 
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Objective 

Tumor microtubes (TMs) are ultralong membrane protrusions of tumor cells in astrocytic gliomas, including 
glioblastomas. TMs play a role in brain invasion and functional network of glioma cells. This network mediates 
resistance against the cytotoxicity of radiation and chemotherapy. Our hypothesis is that interference with the 
integrity of the glioblastoma cell network is key to a more successful glioma therapy. Many cellular structures 
are potential subjects to electrical forces [3, 4, 5]. Based on the theoretical electric field distribution TMs could 
be susceptible to the alternating electric fields of TTFields. We were therefore interested in the effect of TTFields 
on glioma network maintenance. 

Methods 

To examine the effect of TTFields on glioma TMs we have established a 2D and 3D in vitro model. We analyzed 
the disruption of tumor network complexity and disruption of functionality by measuring intra- and intercellular 
calcium waves [2]. Tumor cell death and proliferation was investigated in the 2D in vitro glioma model treated 
with TTFields using the inovitroTM-System. 

Results 

A peculiar "cricked-TM" phenotype that rarely occurred under control conditions was observed in TTField-
treated cells (16.22% ±5.12). Cell number was reduced by 75% in two lines of GBSCs (S24, P3) after 5 days of 
TTField exposure; predominantly TM-rich GBSCs (> 4 TMs) were affected. This reduction in tumor cell number 
corresponded with an increase in cell death (0.3% ±0.09 in untreated cells; 1.4% ±0.45 at day 5 of TTField 
exposure). Of note, we did not observe a significant change in proliferation rate in our GBSCs while exposed to 
TTFields. The frequency of intercellular calcium transients, a measurement for calcium wave frequency in the 
glioma networks, was instantly reduced after TTField exposure to 58% ±20.42 of control levels in the primary 
GBSC 2D culture, and to 57.78% ±12.34 in tumor organoids derived from 3 glioblastoma patients. 

Conclusion 

This data suggests a potential effect of TTFields application on tumor cell networks, at least in vitro. Interestingly, 
particularly those glioblastoma cells that have so far been proven to be resistant to radio- and chemotherapy 
appeared to be affected. We will confirm the observed effects of TTFields on tumor cell calcium signaling in our 
in vivo chronic cranial window mouse model. We anticipate that the results of our project will provide important 
insights into the underlying mechanism of TTField therapy. 
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PGRMC1 ist ein prognostischer Faktor im Glioblastom und beeinflusst die Tumorprogression und das 
Therapieansprechen 
PGRMC1 is a prognostic factor in glioblastoma and modulates glioblastoma progression and response to therapy 
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Objective 

Progesterone receptor membrane component 1 (PGRMC1) is emerging as an important tumor-promoting factor 
in solid cancers. The role of PGRMC1 in glioblastoma (GBM) pathophysiology is, however, currently unkwown. 

Methods 

PGRMC1 expression was determined by immunhistochemistry in two independent cohorts of GBM patients 
(n1=155 and n2=212). Association with the patients" outcome was tested by Kaplan-Meier, log-rank and 
multivariate Cox regression analysis. The effect of PGRMC1 regarding proliferation, anchorage-independent 
growth, invasion and response to therapy was analysed in two different GBM cell lines stably transfected to 
downregulate PGRMC1. Potential downstream molecular mechanisms of PGRMC1 were assessed both in vitro 
and in situ. 

Results 

High levels of PGRMC1 significantly associated with (p1=0.003, p2=0.021; log-rank) and predicted (cohort 1: 
HR=1.505, CI[95%]=1.043-2.171, p=0.029; cohort 2: HR=1.505, CI[95%]=1.085-2.088, p=0.014; Cox regression) 
poor overall survival in both cohorts of GBM patients. In vitro, PGRMC1 promoted the proliferation, anchorage-
independent growth and invasion of GBM cells. Both Integrin beta-1 (ITGB1) and TCF 1/7 were downstream of 
PGRMC1 in vitro. The levels of ITGB1 and PGRMC1 also correlated significantly (p<0.001, Rho=0.244; Spearman) 
in tissues from GBM patients. Finally, PGRMC1 rendered GBM cells less susceptible to the standard GBM 
chemotherapeutic agent temozolomide but significantly more susceptible to the ferroptosis inducer erastin 

Conclusion 

PGRMC1 is an unfavorable prognostic factor for GBM patients and promotes GBM progression as well as 
resistance to the current standard of care therapy.  However, PGRMC1 might be a promising target for novel 
therapeutic strategies using ferroptosis inducers in this type of cancer. 
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Objective 

Immunotherapeutic approaches in cancer are aiming to booster T cell mediated immune responses. Tumor-
specific T cell responses recognize tumor cells via human leukocyte antigen (HLA) molecules before a cell specific 
lysis is engaged. Malignant glioma are known for their immuno evasive and suppressive biology which evades an 
effective tumor-specific immune response and clinical response to immune checkpoint inhibition. Our aim was 
to investigate if somatic mutation in the genes of HLA and antigen presentation pathway molecules are present 
in malignant glioma. 

Methods 

We performed next generation sequencing of 138 patients, including matched tumor and blood samples from 
100 IDHwt glioblastoma, 25 IDHmut astrocytoma and 13 IDHmut oligodendroglioma. Sequencing was performed 
for HLA class I (HLA-A, -B, -C), HLA class II (HLA-DR, -DP, -DQ), non-classical HLA molecules (HLA-E, -F, -G, -H), 
MICA/B, TAP1/2 and beta2 microglobulin (B2M). Initially identified calls were validated using targeted nanopore 
sequencing. All samples were analyzed after written informed consent. The study was approved by the ethics 
committee (PV4904). 

Results 

In total, we could identify 74 variants based on Illumina sequencing. Out of these, we found 52 mutations out of 
which 28 mutations were validated with Oxford nanopore technology and  located to the HLA-A (0 mutations) 
HLA-B (2), HLA-C (1), B2M (2), HLA-DRB1 (0), HLA-DQA1 (4), HLA-DQB1 (4), HLA-DPB1 (1), HLA-E (1), HLA-F (2), 
HLA-G (3), HLA-H (1), MICA (3), MICB (2), TAP1 (1) and TAP2 (1 mutation) loci. The mutations were found in 30 
patients (21.7%). A frequency cutoff of 5% was applied. Some patients harbored up to 7-8 mutations in multiple 
HLA and antigen presenting pathway genes. Most mutations were found in the MICA (MHC class I polypeptide–
related sequence A) gene locus, which is engaged by the NKG2D ligand which is broadly expressed on NK cells, 
gd and ab T cells. 

Conclusion 

Our study demonstrates that a diversity of somatic mutations of HLA and antigen presentation pathway genes 
are found in individual malignant glioma cases. Next we will validate the biological impact on NK and T cell 
recognition and whether a subclonal enrichment of mutation bearing tumor clones promotes glioma recurrence. 
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Zirkulierende extrazelluläre Vesikel als ein Instrument für die Diagnose, Prognose und Überwachung bei Gliomen 
Circulating extracellular vesicles as a tool for diagnosis, prognosis and monitoring in Glioma 

F. L. Ricklefs1, K. Wollmann1, R. Drexler1, M. Westphal1, K. Lamszus1, L. Dührsen1 

1Universitätsklinikum Hamburg-Eppendorf, Klinik und Poliklinik für Neurochirurgie, Hamburg, Deutschland 

Objective 

Extracellular vesicles (EVs) represent a population of lipid bilayer nanoparticles released by all cell types, 
including tumor cells, and have recently attracted attention as mediators of intercellular communication. EVs 
harbor tumor-specific nucleic acids and proteins, cross the blood-brain barrier, and therefore can serve as a 
noninvasive source for liquid biopsy. To date, MRI images have been the established method for monitoring 
treatment efficacy in brain tumor patients. Given the urgent need for a reliable biomarker for treatment 
monitoring of glioblastoma patients, we investigated the potential of pure EV count for diagnosis, prognosis, and 
treatment monitoring in gliomas. 

Methods 

We collected plasma samples as well as differential blood counts from glioblastoma (n=101) before, as well as on 
the first and fourth day after, microsurgical tumorresection. Follow-up samples were obtained every 3 months. 
Additionally, we analyzed a group of healthy donors (n=29). EVs were isolated by Ultracentrifugation and the 
plasma concentration was measured by Nanoparticle Tracking Analysis (NTA). Tumor burden was measured on 
T1-weighted and FLAIR MRI images. Clinical characteristics were prospectively recorderd and retrospectively. 

Results 

Prior to surgery, the level of circulating EVs in glioblastoma is elevated, distinguishing them from healthy controls 
(5-fold increase in GBM; p < 0.0001). Circulating EVs counts correlated only with FLAIR hyperintensity and with 
no other MRI or blood-based parameter. Dichotomisation of GBM patients in EVhigh and low revealed a 
significant overall survival and progression free survival benefit for EVlow patients (p=0.004). After surgery, 
circulating EVs decreased significantly (5-fold, p<0.0001). A massive drop in EVs was associated with a more 
radical surgical resection (p < 0.05). Interestingly, at the time of tumor recurrence, the number of circulating EVs 
increased again in all patients during a follow-up period of 9 months. 

Conclusion 

Our findings highlight the potential of circulating EVs as a biomarker tool for diagnosis, prognosis and treatment 
monitoring in GBM patietns, as they seem to reflect the presence of a tumor mass and thus may assist in clinical 
decision making. 
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Wirksamkeit und klinische Erfahrung mit der neoadjuvanten anti-PD1 Behandlung beim Wiederauftreten eines 
resektablen Glioblastoms 
Efficacy and clinical experience of neoadjuvant anti-PD1 treatment in resectable glioblastoma recurrence 

A. Piffko1, P. Selhausen1, R. Drexler1, L. Dührsen1, M. Westphal1, M. Mohme1 

1Universitätsklinikum Hamburg-Eppendorf, Klinik und Poliklinik für Neurochirurgie, Hamburg, Deutschland 

Objective 

Recently, a survival benefit of neoadjuvant pembrolizumab (anti-PD-1) treatment in recurrent, surgically 
resectable glioblastoma (GBM) patients compared to a sole adjuvant anti-PD1 inhibition was shown in a 
randomized, multi-institutional study and it has been suggested that the neoadjuvant administration of PD-1 
blockade enhances both the local and systemic antitumor immune response. 

Methods 

Overall, we analyzed 21 patients (6 f, 15 m) treated with neoadjuvant anti-PD1 inhibition between 03/19 and 
12/21. Radiographic response, side effects, hospitalization time, steroid use and progression free survival (PFS), 
as well as overall survival (OS) were evaluated after neoadjuvant treatment with pembrolizumab therapy and 
surgical resection and compared to a matched cohort of patients with surgically resectable GBM without 
additional immune checkpoint blockade treatment. The study was approved by the local ethics committee 
(PV4904). 

Results 

The patient cohorts had a median age of 54.35 and 54.67 years respectively. Median time to tumor recurrence 
(and start of aPD1-treatment) was 12.77 months in the aPD-1 group and 18.70 months in the controls. Mean 
follow-up period was 22.44 (aPD-1) and 29.53 (ctrl) months. Preliminary comparison of overall survival showed 
20.90 (aPD-1) and 29.15 (ctrl) months (p = 0.203, t-test). Survival from time of tumor recurrence was 9.14 (aPD-
1) and 10.83 (ctrl) months (p = 0.549, t-test). However, over 50% of patients are still alive in follow-up controls 
thus further data maturation has to be awaited. Radiographic responses were highly heterogeneous, with some 
patients indicating immunological flair ups and secondary necrotic transformation with a potential durable 
response. There was no case of unacceptable toxicity so far. 

Conclusion 

Neoadjuvant pembrolizumab treatment is feasible in the clinical setting of recurrent GBM patients, however 
current analyses at this point do not indicate an additional survival benefit in our clinical cohorts when compared 
to non-ICB treated patients but rather a diverse patter of either durable response or rapid progression, taking 
into consideration that the anti-PD1 group was already selected for early progression. Further analyses of 
radiographic responses, treatment success of specific subgroups and long-term follow up data are needed to 
improve our understanding of the therapeutic efficacy and identify potential subgroups who might benefit from 
neoadjuvant ICB. 
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Integrierte intraoperative Bildgebung von Glioblastomgewebe mittels Stimulierter Raman Histologie und 5-ALA 
vermittelter Fluoreszenz 
Integrated intraoperative imaging of glioblastoma using stimulated raman histology and 5-ALA mediated 
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Objective 

Intraoperative histological evaluations of CNS malignancies is challenging and limited to labour- and time-
intensive neuropathological assessments. Integrated Stimulated Raman Histology (SRH) and 5-ALA mediated 
fluorescence imaging enables novel perspectives of interactive histo- and molecular feedback during brain tumor 
surgeries. Our investigations aimed to discover the heterogeneity of SRH-histomorphological pattern in 
glioblastoma correlated to 5-ALA mediated fluorescence signals to enable precise intraoperative interpretation 
of SRH. 

Methods 

5-ALA mediated fluorescence and stimulated Raman scattering microscopy was performed on 50 glioblastoma 
specimens from 18 surgical resections and 5 stereotactic biopsies. All images with an input shape of 
[9000,9000,3] were randomly segregated into 1000 patches with the shape [160,160,3], resulting in a total of 
50k patches. The data was then split 1:1 into training and validation data. A generative deep learning network 
architecture (variational autoencoder) was used to simplify the image information by learning to reconstruct the 
image based on a reduced information content (latent space). The reduced information was further clustered to 
uncover unique histomorphological patterns. 

Results 

Image reconstruction with Deep Learning showed the highest accuracy (F1 score 96.2 p<0.021) using a 
convolutional neural network embedded in a variational autoencoder (CNN-VAE). In a preliminary analysis, the 
clustering of the reduced image information yielded 6 clusters, with one cluster representing images with 
artifacts (5.43%). The other clusters reflected vascular proliferations (12.91%), high nuclear density (16.23%), 
large saturated fibers (19.43%), and small saturated fibers (20.36%) and nonsaturated fibers (25.64%). 
Integration of 5-ALA fluorescence revealed significantly enriched signal only in the clusters of saturated fibers. 
Samples obtained from the tumor periphery showed significant enrichment of the cluster of large saturated 
fibers (p=2.4e10-6). 

Conclusion 

Our analysis provides new insights into intraoperative analysis of combined SRS and 5-ALA fluorescence. We 
identified spatial heterogeneity of 5-ALA enrichment across different histopathological patterns in glioblastoma, 
suggesting that SRH may improve intraoperative diagnostics. The underlying pathophysiology of individual 
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clusters, particularly saturated fiber bundles, a morphology absent in classical H&E staining, requires further 
investigation. 
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Intraoperative in-situ Raman Spektroskopie zur Abgrenzung von Hirntumoren 
Intraoperative in-situ raman spectroscopy for brain tumour delineation 
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Objective 

Maximal safe tumor resection (MTR) is one of the biggest challenges in Neurosurgery. Raman spectroscopy 
could be utilized to achieve MTR, since it is a label-free technique to acquire a biochemical fingerprint of tissue 
within seconds. However, clinical translation to intraoperative settings remains demanding. Hence, we 
performed in-situ Raman spectroscopy during brain tumor surgery with an easy-to-use handheld Raman probe 
to prove feasibility during neurosurgical procedures and investigate Raman-based biomarkers for intraoperative 
tumor delineation. 

Methods 

Intraoperative Raman spectroscopy was performed in 30 patients with primary and secondary brain tumors (10 
glioblastoma WHO IV, 6 glioma WHO II-III, 3 meningioma WHO I-II, 11 metastases). A commercially available 
fiber-optic Raman probe was used with an excitation wavelength of 785 nm and acquisition time of 2 s per 
spectrum. Between 5-15 spectra of tumor-, and adjacent tissue were acquired per patient at different loci. 
Reference histopathology was performed at measurement positions. Both, Near-Infrared Fluorescence- and 
Raman spectra were analyzed. 

Results 

Measurements prolonged the duration of surgery about 5 min at most. Consistently to previous ex vivo studies, 
Raman bands assigned to lipids (e.g. 1437 cm-1) were significantly reduced across all tumor entities (p<0.0001), 
whereas protein bands (e.g. 1240-1280 cm-1) were significantly increased (p<0.0001). Fluorescence intensity also 
showed significant reduction for all types of tumors compared to the adjacent tissue (p<0.0001). 
Interestingly, we found a strong positive correlation of Fluorescence- and lipid band intensity and in contrast a 
negative correlation for Fluorescence- and protein band intensity. 

Conclusion 

We showed successful clinical application of intraoperative Raman Spectroscopy through minimal delay of 
surgical workflow. Typical tumor features of Raman spectra, previously described in ex-vivo studies were 
confirmed in an in-vivo setting. Thus, utilizing intensities of Raman bands related to lipids and proteins might be 
a suited approach to contribute achieving MTR long-term. The differences in fluorescence intensity of tumor and 
adjacent tissue are yet to be understood. However, our results strongly suggest the feasibility of a fluorescence 
based tissue classification. Further development could lead to a standalone Near-infrared Fluorescence 
application, which would simplify the intraoperative setup. 

 
 



 

590 

 

Intraoperative Bildgebung III/Intraoperative imaging III 

V271 

 
Entwicklung und Validierung einer chirurgischen Lupenbrille mit Dreifach-LED für fluoreszenzgestützte 
Resektionen mit 5-ALA 
Development and validation of a Triple-LED surgical loupe device for fluorescence-guided resections with 5-ALA 
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1Universitätsklinikum Münster, Klinik für Neurochirurgie, Münster, Deutschland 
2Core Unit Proteomics, Interdisciplinary Center for Clinical Research, Münster, Deutschland 
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Objective 

Fluorescence-guided resections using 5-aminolevulinic acid (5-ALA) have been studied extensively using the 
BLUE400 system (Carl Zeiss Meditec). We now introduce a triple-LED headlight/loupe device for visualizing 
fluorescence, , and compare this to the BLUE400 gold-standard in order to assure similar and not more or less 
sensitive protoporphyrin-IX (PPIX) visualization. 

Methods 

We defined the spectral requirements for a triple-LED headlight/loupe device for reproducing the xenon-based 
BLUE400 module. The system consisted of a white light LED (normal surgery), a 409nm LED for excitation, a 
450nm LED for background illumination and appropriate observation filters. We determined prototype"s 
excitation and emission spectra, illumination and detection intensities, and spot homogeneity. We further 
performed a prospectively-randomized and blinded study for fluorescence assessments of fresh, marginal, 
fluorescing and non-fluorescing tumor samples comparing the LED/loupe device with BLUE400 in malignant 
glioma patients treated with 20mg/kg b.w. 5-ALA. Tumor samples were immediately assessed in turn both with a 
Kinevo® and a novel triple-LED/loupe device by different surgeons. 

Results 

Seven triple-diode/loupe devices were analyzed. Illumination intensities in the 409 and 450nm range were 
comparable to BLUE400, with high spot homogeneity. Fluorescence intensities measured distally to 
oculars/telescope were 9.9 fold higher with the loupe device. spectrography,. For validation 26 malignant 
gliomas patients with 240 biopsies were analyzed. With BLUE400 results as reference, sensitivity for reproducing 
fluorescence findings was 100%, specificity 95%, PPV 98%, NPV 100% and accuracy 95%. This study reached its 
primary study aim with agreement in 226 of 240 (0.942; lower 95% CI:  0.904, upper 95% CI: 0.968). 

Conclusion 

We observed only minor differences regarding spectra and illumination intensities during evaluation. 
Fluorescence intensities available to surgeons were 9.9-fold higher with the loupe device. Importantly, the 
independent perception of fluorescence using the new system and BLUE400 was statistically equivalent. We 
believe the triple-LED loupe device to be a useful and safe option for surgeons who prefer loupes to the 
microscope for surgical resections in appropriate patients. 
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Intraoperative optische und thermische Bildgebung zur Visualisierung von Änderungen der kortikalen 
Hämodynamik und des Metabolismus bei der Aktivierung des somatosensorischen Kortex 
Intraoperative optical and thermal imaging for visualisation of alterations in cortical hemodynamics and 
metabolism following somatosensory cortex activation 

J. Müller1, M. Oelschlägel1, C. Schnabel1, S. B. Sobottka2, E. Koch1, G. Schackert2, M. Kirsch2,3 
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Objective 

Intraoperative imaging techniques should support the surgeon in an effective tumor treatment strategy while 
preserving functional brain tissue. Previous studies proved that optical approaches such as Intraoperative Optical 
Imaging (IOI) and Intraoperative Thermal Imaging (ITI) could visualize functional brain areas by monitoring 
cortical hemodynamics or metabolism changes. This study provides a comparison of IOI and ITI and investigates 
the effect of different measuring principles. 

Methods 

Measurements were performed on 9 patients with cortical lesions undergoing craniotomy for tumor resection 
near the somatosensory cortex. Median nerve stimulation was performed for 9 minutes with alternating rest 
and stimulation periods. Meanwhile, IOI and ITI were acquired synchronously, and the localization of the 
somatosensory cortex was validated with phase reversal measurements. The results of both imaging techniques 
were compared for localization, extent, reliability, and thermal behavior of activation areas to assess detection 
performance. 

Results 

In all cases, both IOI and ITI were able to identify the primary sensory cortex (S1) in correspondence to the 
electrophysiological measurements. The percentage of true (TP) and false positive (FP) pixel results for IOI (TP: 
25.0, FP: 9.9) and ITI (TP: 23.5, FP: 9.2) regarding the S1 area indicates a reliable performance for both. Detailed 
analysis revealed variations in position and size of the detected activation areas on the somatosensory cortex. 
The similarity was quantified using the dice coefficient resulting in 0.29 (IOI and S1), 0.26 (ITI and S1), and 0.28 
(IOI and ITI). Differences in activation area localization are most likely due to the different physiological origin of 
the signal acquired with each measurement principle. Furthermore, we observed that pixel intensity values for 
IOI in rest periods are lower than for stimulation. The temperature behaves vice versa. That implies that 
temperature, as well as blood volume, decreases under electrical median nerve stimulation. 

Conclusion 

Both intraoperative imaging techniques reveal various advantages for detecting functional areas within the 
postcentral region. IOI can easily be integrated into a clinical routine due to its standard hardware setup, 
whereas the application of ITI is illumination-independent and suitable for further perfusion analysis. The 
combination of both principles in future analyses is well suited for investigating essential physiological processes 
of brain function. 
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Analyse der Invasionszone des Glioblastoms mithilfe 5-ALA gestützter Laser Mikrodissektion zur 
Einzelzellentnahme – eine methodische Vorgehensweise 
Analysis of the glioblastoma invasion zone using 5-ALA guided Laser Microdissection for sampling single cells – a 
methodological approach 

J. Falter1, A. Lohmeier1, N. O. Schmidt1, C. A. Klein2, M. Proescholdt1 

1Universitätsklinikum Regensburg, Klinik und Poliklinik für Neurochirurgie, Regensburg, Deutschland 
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Objective 

To specifically identify invasive glioblastoma (GBM) cells we used Laser Microdissection in GBM specimen 
acquired during 5-ALA supported resection. We addressed several obstacles to optimize the dissection protocol: 
a. stability of the Protoporphyin IX fluorescence after retrieval of the sample, b. detection and cutting of the 
single cells of interest, and c. the preservation of mRNA. To the best of our knowledge the method of 5-ALA 
based single cell Laser Microdissection has not been described, yet. 

Methods 

5-ALA, applied immediately before surgical resection, specifically accumulates as Protoporphyrin IX in GBM cells. 
The tissue was frozen and cryosectioned immediately after resection and put on membrane slides (MMI, 
Eching). So far, we used variable slice thicknesses (5-30 µm), different fixations (100% methanol, 70% ethanol 
and 0.5% paraformaldehyde), variable counterstainings (Nissl, HE, Hoechst, Phalloidin) and the method of 
hyperosmotic shrinkage (protocols with 0.5M sucrose) to find the best setting for the morphological assessment 
of single cells and correspondingly the influence and possible interaction on the 5-ALA fluorescence. 

Results 

The perioperatively applied 5-ALA shows a good signal and facilitates the detection of single glioblastoma cells 
for guided single cell Laser Microdissection after resection. With the MMI Laser Microdissection Microscope 
single cells can be pinned and Whole Slide Scans can save the information on 5-ALA fluorescent cells, 
consequently the quick photobleaching poses no further problem. The cell density seems to be best with 25µm 
slices. Washing out of Protoporphyrin IX was observed in combination with HE; fluorescent counterstaining 
(nuclear/cell body) for better histological cell recognition seems recommendable. Hyperosmotic shrinkage shows 
little effect in enhancing the recognition of cell borders. 

Conclusion 

The tested protocols for RNA-protective, 5-ALA based single cell sampling from human glioblastoma tissue show 
morphologically satisfactory results and make single-cell Laser Microdissection technically feasible. The yield and 
quality of obtained RNA remains to be evaluated.   
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Objective 

The intraoperative distinction between tumorous brain and healthy brain tissue is still a challenge, especially 
in the detection of residual tumor at the tumor border during resection. In recent years, several groups have 
shown that optical coherence tomography (OCT) has the potential to identify tumorous brain tissue with the 
help of structural and optical image features. However, there is little evidence on human in vivo application of 
this technology, especially regarding applicability and accuracy of residual tumor detection (RTD). In this study, 
we investigated the neurosurgical benefit of this system in 21 brain tumor patients. 

Methods 

In vivo OCT volume scans (C-Scans) were taken with a spectral domain (SD) OCT system integrated into a surgical 
microscope (Haag-Streit/OptMedt iOCT; Fig. 1) within resection cavities and analyzed using a variety of 
approaches. We established a visual classifier with qualitative OCT image properties (Fig. 2) to distinguish 
healthy brain from tumorous tissue. Further, OCT signal intensity (I) and attenuation (At) were assessed for their 
distribution and predictive force. Then, we applied deep learning algorithms (DLA), augmenting image 
recognition through artificial intelligence (AI). The results were compared to histopathology from tissue samples 
taken from within the same resection cavities and investigated for accuracy of RTD. Also, current standard 
techniques i.e., fluorescence guided surgery, neuronavigation and early post-operative MRI were compared to 
our findings. 

Results 

Analysis of raw in vivo iOCT scans did not contain satisfying results in accuracy of RTD and applicability when 
compared to already established methods. Analysis of post-processed images and essentially the use of AI 
increased that accuracy significantly. 

Conclusion 

Due to still inconvenient surgical application and the need of image post-processing, the use of this iOCT system 
has not yet shown to improve the intraoperative decision-making process concerning the extend of tumor 
resection. However, qualitative and quantitative in vivo OCT data analysis has proven to contain additional 
information on RTD, supporting what has been well described for ex vivo OCT brain tumor scanning. The use of 
DLA for image feature recognition has shown promising results and might be crucial to achieve high accuracy in 
tumor border detection that might complement current intraoperative methods and thereby enhance the 
extend of brain tumor excision. 
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Fig. 1 
 

 
 
 
Fig. 2 
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Objective 

Assuming that elderly patients suffer more severely from side effects of the standard therapies, less aggressive 
treatment protocols have been established, e.g. the NOA-8 study. This practice has been questioned by several 
retrospective studies using standard protocol. However, none of these studies have included any geriatric 
assessment. In a first step, the aim of the present pilot series was to establish and assess a routine geriatric 
screening in our neuro-oncologic outpatient office. 

Methods 

Elderly patients (aged ≥ 65 years) in our neuro-oncologic out-patients office were routinely asked to answer a 
geriatric questionnaire during a 10-month period (02/2021 – 11/2021). We screened patients using the ISAR 
(Identification of Seniors at Risk) tool consisting of 6+1 questions, dichotomising patients into two groups with 
low (0 - 2) and high ISAR values (3 - 6). The patient´s daily performance was assessed using the Karnofsky 
performance scale (KPS), Neurological Assessment in Neuro-oncology (NANO) and Distress thermometer. Data 
were collected and analysed using the Prism 9 programme (GraphPad Prism). 

Results 

The present analysis includes a cohort of 268 elderly neuro-oncologic patients treated in 445 consultations. 107 
patients suffered from malign and / or life-threatening neoplasms, 161 from benign lesions. 154 patients were 
female, 114 male. Median age was 71 years (65 – 87 years) and median KPS 90 % (50 – 100 %). 

226 patients (84 %) answered 6.8 of the 6 + 1 questions of the ISAR questionnaire. 23 patients (10 %) reported 
that they had needed regular help before diagnosis and 32 patients (14 %) more help within the last 24 hours. 95 
patients (42 %) required a hospital admission in the last 6 months. 40 patients (18 %) had significant vision 
problems that couldn"t be corrected with glasses and 52 patients (23 %) suffered from serious memory 
problems. 94 patients (42 %) took ≥ 6 different medications per day. Finally, 68 patients (32 %) needed help 
filling out the questionnaire. High ISAR values correlated with low KPS values, high NANO values and high distress 
(each p < 0.0001). 

Conclusion 

A significant number of elderly neuro-oncologic patients suffer from geriatric impairments. Abnormal geriatric 
screening correlates with poor general performance, neurological impairment, and high distress. In future, 
geriatric screening might help to specifically choose a therapy from different options in elderly neuro-oncologic 
patients. 
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Intracranial angioleiomyoma – a rare pathology with distinctive histopathological features 
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Objective 

Angioleiomyoma, often found in subcutaneous tissue, are known to be benign vascular smooth muscle tumors. 
Reports on their intracranial location are, however, very scarce. Nevertheless, there might be a need for 
neurosurgical resection of those rare tumors in selected cases. We, therefore, aimed to assess clinical, 
radiological, and pathological features of intracranial angioleiomyoma. 

Methods 

We retrospectively assessed all consecutive patients with neurosurgically treated intracranial angioleiomyoma, 
confirmed by neuropathological analysis, at a single neurosurgical institution between 2013 and 2021. Clinical 
and imaging data were collected, and histological tissue sections were reanalyzed. In addition, a corresponding 
literature review was performed using the PubMed library. 

Results 

Overall, four female and three male patients with a median age of 45 years (range:33-76) were identified. An 
infratentorial lesion was found in three cases (42.9%). Other tumor locations were the cerebral falx, the 
parietoocipital and frontal lobes and the cavernous sinus. Three patients presented specific symptoms 
correlating with tumor location while the others suffered from unspecific headaches or dizziness. In MR-imaging, 
all lesions were hypo- to isointense on T1-weigthed and hyperintense on T2-weighted images. Gadolinum 
enhancement was seen in all cases. All lesions were completely removed, and no perioperative complications 
occurred. In neuropathological assessment, all tumors were immunohistochemically positive for SMA (smooth 
muscle actin). The Ki-67 labeling index was ≤ 3%. All patients were discharged after four to eight days 
postoperatively without new permanent deficits. At a median follow-up time of 6 months (range: 3 - 41 months), 
none of the patients presented recurrence. In the literature, 41 additional cases of intracranial angioleiomyomas 
were identified. 

Conclusion 

In general, intracranial angioleiomyoma seem to show a benign behavior and can successfully be treated with 
gross total resection. A well differentiated SMA positive smooth muscle component arranged around the vessels 
usually leads to the neuropathological diagnosis. With other entities such as meningeomas or vestibular 
schwannomas often being the primary differential diagnosis, knowing the benign course of this rare pathology is 
important for patient counseling. 
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Objective 

Initial treatment of Cushing"s disease (CD) consists of transsphenoidal adenoma resection. In 80% of patients, 
endocrinological remission with elimination of hypercortisolism can be achieved. However, reduced quality of 
life (QoL) often persists despite successful surgical treatment.  

Methods 

244 patients who had undergone transsphenoidal adenoma resection for Cushing's disease between 2007 and 
2019 were contacted by postal mail. Patients received questionnaires addressing general and disease-specific 
QoL (Tuebingen CD-25 Inventory, Short-Form Healthy Survey [SF-36], Cushing´s Quality of Life Questionnaire 
[Cushing QoL]). A total of 86 patients (71 female, 13 male, 2 anonymous) who returned their questionnaires 
were included in the study. In particular, correlations of QoL with age, gender, and remission rates were 
analyzed. Both psychological and physical limitations were considered in the evaluation. 

Results 

Impaired physical health was age dependent. Only 14 of 38 women (37%) in the age group from 20-50 years 
showed evidence of physical limitations. In contrast, 23 of 37 women (62%) in the age group 50-80 years 
suffered from impaired physical activity. The results were different in the area of psychological health. Even 
younger patients showed emotional impairment and were less socially integrated. They considered that CD was 
responsible for impaired psychological health. The ability to manage everyday tasks differed between genders. 
76.9% of male patients were able to cope with daily routine. In contrast, only 46.5% of female patients reported 
that they feel able to fulfill daily requirements. Interestingly, there was no significant correlation between QoL 
and remission status. 

Conclusion 

Prolonged psychological and physical impairments even after correction of hypercortisolism are an unsolved 
issue in CD. In our view, it is important to elucidate the need for support in patients who suffer from impaired 
QoL following TSS surgery and to establish patient-centered supportive programs. 

 
 



 

598 

 

Klinische Neuroonkologie/Clinical Neurooncology 

V278 
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Objective 

Preoperative tractography enables risk stratification for patients undergoing microsurgical resection of 
intracerebral tumors. Also, white matter integrity is a prognostic marker for rehabilitation of patients who 
suffered ischemic stroke. In neurosurgery, damage to the frontal aslant tract (FAT) can cause supplementary 
motor area (SMA) syndrome, where recovery is hardly predictable. 

Methods 

We prospectively assessed white matter integrity of the FAT within seven days before and after surgery of 
intracerebral tumors with magnetic resonance imaging (MRI) by measuring fractional anisotropy (FA) within the 
tract volume created in diffusion tensor imaging (DTI) tractography. Neurological performance score (NPS), 
aphasia score, and Janda score were assessed within seven days before and after surgery, as well as at follow-up 
three months postoperatively. We applied rank order correlation, multivariate regression analysis, and receiver 
operating characteristic analysis to determine white matter integrity cutoffs for risk stratification. 

Results 

We included 20 patients with preoperative and postoperative DTI sequence who underwent resection of 
intracerebral tumors. Perioperative white matter integrity of the left FAT was associated with NPS before surgery 
(2.38 ± 0.21 versus 1.14 ± 0.14, p = 0.001) and with aphasia score in follow-up three months after surgery (0.0 
versus 1.13 ± 0.48, p = 0.008). Perioperative white matter integrity of the right FAT correlated with 
postoperative NPS (2.08 ± 0.23 versus 1.38 ± 0.26, p = 0.032) and aphasia score (0.71 ± 0.18 versus 0.23 ± 0.17, p 
= 0.029), as well as with Janda score at follow-up three months after surgery (4.91 ± 0.09 versus 3.67 ± 0.58, p = 
0.021). 

Conclusion 

White matter integrity of the FAT in both hemispheres may predict neurological outcome. This offers new 
possibilities for patient counseling concerning rehabilitation potential, on which future studies should elaborate. 
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Ex vivo Organoide spiegeln die intertumorale Heterogenität des ursprünglichen Glioblastoms wider 
Ex vivo glioblastoma organoids reflect the intertumoral heterogeneity of the parental tumour 
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Objective 

Glioblastoma (GBM) is one of the most challenging tumor entities to overcome. Recent immunotherapeutic 
approaches showed promising effects in vitro and in preclinical animal models. However, tumor heterogeneity, 
antigen escape mechanisms and complex interactions with the tumor microenvironment (TME) hinder their 
clinical breakthrough. Robust models for ex vivo trials of new therapeutic agents reflecting those interactions are 
desperately needed. Here, we present a modified method to establish patient derived organoids and investigate 
whether organoids reflect the surface texture of their parental tumors. 

Methods 

Tissue of patients, who underwent surgery at our institution, was obtained, cleared from debris and divided into 
six different portions under the microscope. From each of the six subsections acute tissue was embedded in 
paraffin (t1). The remaining tissue was carefully minced to 500 µm sized pieces and cultured on an orbital shaker 
for 2-4 weeks until round organoids formed (t2). In order to freeze the organoids, they were minced to 100 µm 
sized pieces. After thawing, organoids were cultured for 4-8 weeks (t3). Immunohistological analysis of GFAP, 
Ki67 and three surface antigens (GD2, Podoplanine, ROR2) was performed at t1, t2 and t3 in order to investigate 
organoid stability and the ability of reflecting interpatient heterogeneity. 

Results 

Intraoperative material from nine different patients (GBM n=6, oligodendroglioma n=2, astrocytoma, IDH 
mutant WHO grade 3 n=1) was obtained. Within 2-4 weeks of culture, stable, round organoids formed 
independently of the WHO grading (t2), which were still viable after a freeze-thaw cycle (t3). The organoids 
regained their prior size 4-8 weeks after thawing (t3) and showed no significant difference in expression of GFAP, 
Ki67 and two surface antigens (GD2, Podoplanine) compared to the acute tissue (t1) or the first culture period 
(t2) (Friedman´s test: GFAP: p=0.662, Ki67: p=0.08, GD2: p=0.196, Podoplanine: p=0.104). In contrast, ROR2 
expression was significantly altered for t1-t3 (p=0.002) but the effect size r was low (r=0.27). 

Conclusion 

The results suggest that organoids are a very promising ex vivo model for drug development. Patient derived 
glioma organoids can be established, frozen and re-cultured without losing their ability to reflect the surface 
texture of the parental tumor. Therefore, organoids might represent a promising ex vivo model for individual 
immunotherapeutic drug testing. 
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Development of selective nanoparticles for p53-replacement therapy for gliomas 
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Objective 

Hot spot mutations and deletions of the tumor suppressor p53 are detected in 35% of IDH1 wildtype and in 
more than 65% of IDH1-mutant glioblastoma (GBM). Accelerated degradation of TP53, leading to loss of function 
is also considered to be caused by deletion or mutation of PTEN and LOH on chromosome 10q in IDH1 mutant 
GBMs as well as IDH1 wildtype GBMs, respectively. Due to TP53 deficiency, in gliomas tumor malignancy 
gradually rise and resistance to radio and chemotherapy increase. We sought to develop a selective sleeping 
beauty transposase system for p53-replacement based on cyclodextrin-modified poly(propylene imine) 
polyplexes for gene therapy of GBM. 

Methods 

A codon-optimized p53 coding sequence was chemically synthesized and ligated into a GFP-transposon 
minicircle-DNA plasmid. SB100X and p53-transposon minicircle DNA were simultaneously packaged in modular 
cyclodextrin-modified poly(propylene imine) hybrid polyplexes bioconjugated to a PSCA-specific single chain 
antibody. Specific delivery of nanoparticles was confirmed by FACS analysis of GFP in HEK293T-PSCA followed by 
analyzing stable transgene expression using PCR. After Zeocin-induced DNA-damage response in transposon-
treated HCT116-PSCA p53-/- cells and H4-PSCA cells, appearance of phospho-Ser15-p53 and increased 
expression of the downstream effector molecule p21waf/cip were investigated using Western blot analysis. 
Long-term effects of p53-replacement were investigated in clonogenic survival assays of HCT116 p53-/- and H4-
PSCA. 

Results 

Sleeping beauty-mediated p53 gene transfer of our modular PSCA-specific hybrid polyplex system lead to 
successful expression of a fully functional transgenic TP53 tumor suppressor gene as validated by Western blot 
analysis and a Zeocin-induced DNA-damage response. Experimental replacement of p53 in HCT116-PSCA p53-/- 
and H4-PSCA cells caused up to 80% decrease in clonogenic survival of HCT116-PSCA p53-/- and H4-PSCA when 
compared to mock-treated controls. 

Conclusion 

We successfully developed a targeted DNA delivery system for p53-replacement therapy. In particular, in our in 
vitro experiments polyplex-based transfection of SB100X and p53-minicircle transposon DNAs show significant 
effects for p53-gene deficient and p53 antagonists upregulated cell lines. Further work for effective non-viral 
delivery of the sleeping beauty and p53-transposon using nanoparticle delivery systems in primary GBM cells are 
mandatory for a future clinical use. 
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Objective 

Novel insights into the developmental trajectory exhibited by glioblastoma (GBM) have revealed that GBM 
responds to alterations in the microenvironment by clonal selection of specific phenotypes. Using similar 
mechanisms, malignant GBM develop intrinsic resistance to chemotherapeutics. Although glutamate signaling 
has been reported to sustain malignancy, the extent to which metabotropic glutamatergic signaling modulates 
the GBM landscape remains unknown. In this study we addressed the clinical relevance of Glutamate 
Metabotropic Receptor III (mGlur3) receptor expression in GBM and provide a proof of concept where we 
manipulate intrinsic mechanisms of chemoresistance, driving GBM towards chemo-sensitization through mGlur3 
receptor inhibition. 

Methods 

Patient derived samples were quantified for expression of mGlur3 by means of immunohistochemistry. 
Transcriptional characterization of primary glioblastoma cell lines was carried out to determine expression of 
mGlur3. Primary GBM cell lines were treated with TMZ and a combination of TMZ and a specific inhibitor of 
mGlur3 (LY341495) for transcriptomic characterization. Finally, human organotypic tissue sections inoculated 
with GBM cells were treated with the combination and tumor growth and proliferation were optically quantified 
for a period of 10 days. 

Results 

Exploration of patient samples revealed an increased expression of mGlur3 in recurrent GBM (N= 12, p < 0.0001). 
Transcriptional characterization revealed that the inhibition of mGlur3 results in loss of axonogenesis (FDR<0.01) 
and general network building features. Additionally, treatment with a combined regimen resulted in alterations 
in the transcriptional profile of chemo resistant GBM, with a switch to mesenchymal like phenotype (FDR<0.01), 
allowing cytotoxic targeting by temozolomide. A significant reduction in GBM growth and proliferation was 
observed ex-vivo when mGlur3 inhibition was combined with temozolomide therapy (N= 3, p < 0.0001). 

Conclusion 

Through the integration of diversified molecular-biological analyses and sequencing data analysis we present a 
new concept, where we not only illustrate mechanisms of resistance, but rather a mechanistic understanding of 
how glutamate signaling via mGluR3 interacts with the phenotypical GBM landscape formation in the light of 
recently published GBM cell-state discoveries. 
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CMV-Infektion beim Glioblastom führt in vitro und in vivo zu verkürztem Gesamtüberleben und TMZ-Resistenz 
CMV infection in glioblastoma leads to shortened overall survival and TMZ resistance in vitro and in vivo 
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Objective 

The oncomodulatory human cytomegalovirus (HCMV) is detectable in glioblastoma (GBM) and associated with 
worse prognosis. The effects of HCMV seropositivity on survival and response to chemotherapy with 
Temozolomid (TMZ) is largely unknown. We aimed to determine the association between HCMV serostatus at 
diagnosis, survival and treatment response via a retrospective cohort study of GBM patients. 

Methods 

68 patients with glioblastoma (39 male, 29 females; mean age 67.2+-12.27 years) and 10 controls (5 male, 5 
females; mean age 60.3+-11.63 years) were included in our study. All patients were treated as inpatients at our 
department and received adjuvant therapy in our outpatient clinic. Mean follow up was 3 months or until time 
of death. Polymerase chain reaction was used to detect CMV (PCR). Anti-CMV IgM and IgG were measured using 
Enzyme linked immunosorbent assays (ELISA). Tumor samples were stained via immunofluorescence using an 
anti-CMV polyclonal- and anti-pp65 monoclonal antibody. CMV immediate early gene (IE1) and envelope 
glycoprotein B (gB) mRNA expression in tumor specimen was analyzed using RT-PCR. Absorbance measurement 
(PrestoBlue) was used to investigate cell viability in response to TMZ in glioblastoma stem cells in vitro. 

Results 

Anti-CMV IgG were detected in 33 (48,5%) patients and 6 (60%) controls. Anti-CMV IgM was detected in one 
patient, viral DNA was not detected. CMV IgG antibody levels ranged from levels 1.1 to >250 U/ml (131.1+-84.92 
U/mL). CMV antigens were detect in tumor specimen of all seropositive patients and were absent from those 
that were seronegative. Using RT-PCR, IE1 and gB were only detected in tumors from seropositive patients while 
it was not detectable in total RNA from normal cerebral cortex of healthy individuals.  In our cohort, mean 
progression free survival (PFS, 187.8+-125.7) and overall survival (OS, 361.9+-212.6 days; p=0.037) was 
significantly shorter in seropositive glioblastoma patients compared to CMV naïve patients. OS in MGMT 
methylated patients treated with TMZ was significantly shorter in seropositive patients (p=0.042). Cell viability 
was higher indicating resistance in HCMV infected GSCs after treatment with TMZ in vitro, compared to 
uninfected GSCs (p=0.0039) 

Conclusion 

Our findings ad proof that CMV has an oncomodulatory role in patients with glioblastoma. Seropositivity does 
correlate with shortened PFS and OS, while infection of glioblastoma stem cells in vitro leads to increased 
resistance to TMZ. 
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Spatial T-cell receptor sequencing (SPTCR-seq) uncovers regional anti-tumour immunity in glioblastoma 
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Objective 

An understanding of the diversity of T cell response and clonality in the inherently heterogeneous glioblastoma 
(GBM) is of paramount importance to explore underlying mechanisms of anti-tumor immunity. Here, we present 
Spatial T-Cell Receptor sequencing (SPTCR-seq), a novel method to integrate spatially resolved T cell receptor 
sequencing and RNA-sequencing.  

Methods 

We performed spatially resolved RNA sequencing using the 10X-Visium technology on 9 primary and recurrent 
GBMs. After reverse transcriptase of the tissue sections, the harvested cDNA library containing both transcripts 
and spatial position barcodes is split into the transcriptome and SPTCR-seq workflow. SPTCR-seq is a targeted 
enrichment of T-cell receptor (TCR) sequences with hybridization-probes followed by Oxford nanopore (ONT) 
long-read sequencing. To overcome the currently high per-base Error Rate of ONT-sequencing, a neural network 
(Long-Short-Term Memory Autoencoder) was used to find enriched T cell receptor (CDR3) motifs in the 
annotated VDJ-rearrangements. 

Results 

Our data show that clonal evolution of T cells is restricted to regional areas, supported by a significant spatial 
autocorrelation coefficient (0.6-0.95, padj<0.001). We found increased diversity of T-cell receptor VDJ 
rearrangements in glioblastoma significantly enriched in areas of myeloid cell infiltration (padj=2.1e10-4). 
Furthermore, spatial integration of single-cell transcriptomics of T cells revealed a spatial correlation between 
exhausted T cells (Morans's I 0.76, p=5.26e10-16) and high VDJ diversity. In areas of enriched hypoxic gene 
expression, we found significantly increased T cell clonality (p=1.01e10-5) with low VDJ diversity (p=1.65e10-6). 
Inferred copy number changes and small nucleotide variance in these regions showed increased mutational 
burden. In addition, these areas had lower myeloid infiltration, suggesting that high mutational load and absence 
of myeloid cells support anti-tumor immunity in segregated areas. 

Conclusion 

Spatial profiling of TCR sequences through SPTCR-seq is a powerful tool to investigate anti-tumor immunity in 
GBM and to discover general and personalized targets for immunotherapy. 
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glioblastoma 

A. G. Karbe1, L. Scherschinski1, M. Prem1,2, I. Kremenetskaia1, T. Ingeborg1,3, P. Vajkoczy1, J. S. Onken1,3 

1Charité – Universitätsmedizin Berlin, Klinik für Neurochirurgie, Berlin, Deutschland 
2Carl Gustav Carus Universitätsklinikum, TU Dresden, Klinik und Poliklinik für Neurochirurgie, Dresden, Deutschland 
3German Cancer Consortium (DKTK), Heidelberg, Deutschland 

Objective 

The receptor tyrosine kinase AXL (RTK-AXL) is implicated in therapy resistance and tumor progression in 
glioblastoma multiforme (GBM) and might be a useful target in GBM-therapy. Here, we investigate therapy-
induced receptor modifications and how endogenous RTK-AXL expression and RTK-AXL inhibition contribute to 
therapy resistance in GBM. 

Methods 

We set up in vitro studies with the GBM cell lines U118MG and SF126, which were exposed to increasing doses 
of temozolomide (TMZ) and radiation (RTX). Receptor modifications as well as down stream signaling in response 
to both treatment modalities were investigated on protein and mRNA level. Further, we developed TMZ-
resistant (TR) cells via continuous exposition of SF126 and U118MG cells to low dose TMZ; TMZ-resistance was 
confirmed in a colony formation assay. TMZ-resistant and RTK-AXL overexpressing cell lines were exposed to 
increasing doses of TMZ and RTX, with and without RTK-AXL tyrosine kinase inhibitor (TKI). MTT assay and colony 
formation assay (CFA) were used to assess cell viability. 

Results 

The RTK-AXL shedding product, C-terminal AXL (CT-AXL), rises in response to repeated TMZ doses and under 
hypoxia, a surrogate marker for radio-resistance, whereas AXL-mRNA remains unchanged under both treatment 
modalities. Endogenous RTX-AXL overexpression leads to therapy resistance, whereas combination therapy of 
TMZ and RTX with TKI R428 significantly increases therapeutic effects, even in TR-cell lines. 

Conclusion 

RTK-AXL undergoes post-translational degradation in response to TMZ treatment, and elevated RTK-AXL levels 
are associated with a decreased therapy response. However, therapy resistance may be overcome by combining 
TKI to standard treatment. This data provides a rationale for future studies investigating TKI in GBM. 
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Objective 

Traumatic brain injury (TBI) is a major source of death and disability worldwide. Accurate assessment and 
outcome prediction is of utmost importance for triaging and guiding appropriate therapeutic decision-making 
process in affected patients. Glasgow coma score (GCS) is considered the most important prediction tool in TBI. 
However, GCS does not take primary imaging results into consideration. The Helsinki score was developed 
recently to radiologically predict clinical outcome in patients with TBI. The aim of this study was to study the 
prediction performance of the Helsinki score in comparison to GCS in a large cohort of patients with TBI. 

Methods 

Patients who were treated at our hospital between 2008 to 2019 and had a TBI with an initial GCS of 14 or less 
were included. In addition to GCS at admission, we calculated the Helsinki score based on primary computed 
tomography (CT) imaging. The score depends on the lesion type, lesion size, presence of intraventricular 
hemorrhage, and degree of compression of suprasellar cisterns, with a score varying between -3 and 14. 
Outcome measures were Glasgow outcome score (GOS) and mortality at hospital discharge. We then calculated 
the Kendall tau-b correlation coefficient of each predictor with each of the outcome measures. 

Results 

544 patients were included, with mean age of 62.2 ±21.5 years. The median GCS in the emergency room was 14, 
IQR=12, median Helsinki was 3, IQR=3. At the time of discharge, mortality rate was of 8.6%. The median GOS at 
discharge was 4 ±1. 

The Helsinki score significantly correlated with each of the recorded outcome measures, i.e., with mortality (p = 
2.37e-10) and GOS (p = 7.86e-30), as GCS did with mortality (p = 0.004) and GOS (p = 8.33e-20).  Helsinki score 
correlated with mortality significantly higher than GCS (τb = 0.36 vs τb = -0.11, respectively) and with GOS (τb = -
0.40 vs τb = 0.33, respectively) at discharge. 

Conclusion 

Our results show that taking only radiological findings into account can already lead to superior outcome 
prediction than that of the gold-standard GCS. However, scoring systems like the Helsinki, albeit being versatile, 
lack the clinical assessment, which remains of crucial importance in the decision-making process while treating 
TBI patients. This underlines the need to apply comprehensive testing systems which takes both radiological and 
clinical parameters into account. 
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Objective 

The proportion of elderly patients >65 as well as the incidence of traumatic brain injury (TBI) in this age group 
are increasing. We have evaluated and compared the outcome after traumatic brain injury (TBI) and 
decompressive craniectomy (DC) in patients aged ≤65 years versus patients aged >65 years. 

Methods 

Retrospective, descriptive, observational study, was performed including 156 patients who underwent DC 
between 2005 and 2015 at our department. The cohort was stratified according to age (≤65 years) and (>65 
years) in two groups and additionally divided in two subgroups: 66 to ≤74 years and ≥75 years. The Glasgow 
Outcome Scale (GOS) was used for functional assessment at discharge, and 3 and 12 months after DC. A 
favourable outcome was defined as GOS I-III. Significance was established as p≤0.05. 

Results 

Out of 156 patients, mortality rate at discharge was 27.6%. An unfavourable outcome at discharge was found in 
87.2%, in 72% after 3 months and in 68.3% after 12 months.  Statistically significant benefit for younger patients 
(≤65)was calculated after 3 (p=0.008) and 12 (p=0.001) months. A subgroup analysis of the older patients (> 65 
years) did not reveal any significant differences. Mortality in this subgroup was 53 % after 12 months and a 
favourable outcome was noted in 13%. Moreover, more than one third was dependent on crucial support in 
everyday activities. Age (OR 0.231, p=0.005), time between trauma and surgery (hours, OR 1.026, p=0.011) and 
duration of artificial ventilation (OR 0.992, p=0.002) showed significant influence on outcome. Furthermore, 
thresholds for unfavourable outcome according to our data 52 years of age, GCS = 10 and DC performed 1 hour 
after TBI. 

Conclusion 

Based on our results, elderly patients >65 years are rarely independent after DC and mostly need substantial 
support in everyday life activities. Nevertheless, more than one fourth of patients achieved a good clinical 
outcome after 12 months. This aspect should be considered during counselling of the family and patients who 
potentially need DC after TBI. 

 
 



 

608 

 

Schädel-Hirn-Trauma und intrazerebrale Blutungen/Traumatic brain injury and 
intracerebral haemorrhage 

V288 

 
Kann eine standardisierte, umfassende Evaluation von SHT Patienten zu einer besseren Berechnung des 
Outcomes führen? 
Can standardised comprehensive assessment of patients with traumatic brain injury lead to better outcome 
prediction? 

F. Komboz1, H. D. Chehade1, D. Mielke1, V. Rohde1, T. Abboud1 

1Universitätsmedizin Göttingen, Neurochirurgische Klinik, Göttingen, Deutschland 

Objective 

In patients with TBI, accurate outcome prediction is crucial in the process of decision-making and managing ICU 
resources. GCS is the gold standard in predicting clinical outcome in patients with TBI. In the last decade, the 
CRASH score was presented as a new prognostic model. It reflects more neurological findings than those in the 
GCS. The IMPACT prognostic model emerged as a comprehensive score for clinical outcome prediction in TBI 
patients and additionally takes lab findings into account. The aim of this retrospective study was to validate 
evaluating these scores as prognostic tools in a large cohort of patients. 

Methods 

All patients who were treated for TBI at a major trauma center between 2008 and 2019 and had an initial GCS of 
14 or less were included.  We evaluated GCS at admission and calculated the CRASH outcome prediction at 6 
months. We then used the IMPACT score to estimate prediction with CT data and lab findings. Glasgow outcome 
score (GOS) and mortality at hospital discharge were the outcome measures. We then calculated the Kendall 
tau-b correlation coefficient of each predictor with each of the outcome measures. 

Results 

544 patients could be included in the study. The patients" mean age was 62.2 ±21.5 years, the median GCS in 
the emergency room was 14, IQR=12. 497 were alive at the time of discharge (91.4%). The median GOS at 
discharge was 4 ±1. 

The CRASH score significantly correlated with each of the recorded outcome measures, i.e., with death (p = 
1.06e-11) and GOS (p = 1.27e-20), as GCS did with mortality (p = 0.004) and GOS (p = 8.33e-20). CRASH score 
correlated significantly higher with mortality than GCS (τb = 0.29 vs τb = -0.11, respectively) and with GOS (τb = -
0.36 vs τb = 0.33, respectively) at discharge.  

The IMPACT score significantly correlated with each of the recorded outcome measures, i.e., with death (p = 
2.37e-10) and GOS (p = 2.25e-14), as GCS did with mortality (p = 0.004) and GOS (p = 8.33e-20). IMPACT score 
correlated significantly higher with mortality than GCS (τb = 0.36 vs τb = -0.11, respectively) and with GOS (τb = -
0.41 vs τb = 0.33, respectively) at discharge. 

Conclusion 

These results highlight the need for implementing more comprehensive assessment methods in routine clinical 
practice in the acute evaluation of patients with TBI. Specifically, approaches applying clinical and radiological 
features like the CRASH and IMPACT scores can lead to superior outcome prediction than that of the gold-
standard GCS. 
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Das Verhältnis der Erythrozytenverteilungsbreite zur Thrombozytenzahl als Prediktor des Auftretens eines 
Rezidivs beim chronischen Subduralhämatom 
Red blood cell distribution width to platelet count ratio facilitates preoperative prediction of recurrence in 
surgically treated chronic subdural haematoma 
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Objective 

Recent studies demonstrated emerging evidence of the role of inflammation in the growth and recurrence of 
chronic subdural hematoma (cSDH). Red blood cell distribution width to platelet count ratio (RPR) is a novel 
biomarker for inflammation in cancer, cardiac, and inflammatory diseases. 

Methods 

The present retrospective study investigated the impact of RPR on recurrence after burr hole surgery for cSDH in 
297 patients. The optimal cut-off value for RPR was defined as ≥0.0568 according to the receiver operating 
characteristic curve (AUC:0.64, 95%CI:0.55-0.72, p=0.007). Study cohort was dichotomized into low (n=157) and 
high (n=140) RPR groups. 

Results 

Significant differences between the groups were identified regarding ASA classification, and frequency of 
anticoagulant intake. Demographics, comorbidities, size, morphology, and mass effect of cSDH were 
homogeneously distributed among the RPR groups. Multivariable binary logistic regression analysis considering 
location, midline-shift, septation, RPR, anticoagulant intake, sex, and ASA classification revealed that an 
increased baseline RPR (≥0.0568, OR: 3.3, 95%CI: 1.5-7.1, p=0.002), and preoperative midline-shift (≥5 mm, OR: 
2.7, 95%CI: 1.2-5.8, p=0.01) are independent predictors of recurrent cSDH. 

Conclusion 

The present findings suggest RPR as a novel inflammatory biomarker enabling risk stratification of recurrence 
after burr hole surgery for cSDH and might facilitate a tailored medical decision making.   
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Voraussichtliche finanzielle Auswirkung des chirurgischen Managements chronisch Subduralhämatome in 2030: 
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Projected financial impact of chronic subdural haematoma surgical management in 2030 – Heading towards a 
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Objective 

Chronic subdural hematoma (cSDH) is a common disease of the elderly, increasing in incidence. Nowadays, 
crucial outcome-based factors as rates of recurrence requiring re-operation (RrR) and postoperative morbidity 
remain alarmingly high. Because of the demographic change, the financial impact of cSDH surgery on health 
systems could be outrageous. The aim of this study was to assess hospital charges of cSDH surgery and estimate 
their increase in 2030. 

Methods 

All patients with cSDH who were surgically treated at the authors' own institution between January 1st, 2007, 
and December 31st, 2017, were included. These cases were searched using the ICD-10 Code I62.02. Patient 
clinical complexity level (PCCL) was reported. All charges were adjusted to €2021 using inflation statistics. 

Results 

Altogether, 728 patients were included. RrR was observed in 18.1% (n=132), and a PCCL ≥3 in 44.5% (n=324) of 
the patients. Comparing the study year 2017 with 2007, there was a statistically significant increase in the 
incidence of surgically treated cSDH (91 vs. 34 patients/year), in patients' mean age (77.2 ± 9 years vs. 71.8 ± 11, 
p=0.005), in the proportion of old patients (≥65 years) (90.1% vs. 76.5%, p=0.005), in the length of stay on the 
intensive care unit (1.6 ± 4.5 vs. 0.5 ± 1 days, p=0.042), and in the yearly inflation-adjusted hospital charges 
(€844,713.04 vs. €240,929.15), especially in the cohort of old patients (p=0.025). By 2030, the mean cost per 
patient was estimated to reach €12,369.05 vs. €7,086.18 in 2007, i.e., €1,629,631.61/year. 

Conclusion 

Funding of cSDH surgical treatment must be considered an imperative challenge in the future neurosurgical 
practice. The lack of understanding of the disease's pathophysiology and complexity has led to a stagnation of 
poor outcomes of an aging population with expanding morbidity. Innovations in the medical treatment of cSDH 
are urgently needed to face this issue. 
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Behinderungs-Paradoxon bei spontaner intrazerebraler Blutung – Patienten stimmen rückblickend einer 
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Disability paradox in spontaneous intracerebral haemorrhage – patients retrospectively consent to fibrinolytic 
surgery despite poor neurological outcome  
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Objective 

Spontaneous intracerebral haemorrhage (ICH) might lead to neurological disability and mortality. Nonetheless, 
subjective interpretation of life circumstances might vary and depend on e.g. age or neurological function. 
Recent data from ischemic stroke patients show that there might be a paradox between an objectively rated 
neurological outcome and self-reported satisfaction with life. Our hypothesis was that surgically treated ICH 
patients would give their consent to the treatment retrospectively despite a relatively poor neurological 
outcome. 

Methods 

We identified all patients with spontaneous supratentorial ICH treated by minimally-invasive fibrinolytic therapy 
over a ten-year period (2010-2020) and conducted a retrospective analysis of demographic and clinical 
parameters. Subsequently, using standardized telephone interviews, we evaluated long-term functional 
outcome (good functional outcome was defined as mRS score of 0-3). We furthermore evaluated if the patients 
would have given their consent to the treatment retrospectively. 

Results 

Overall, 312 patients were identified, 80 were still alive when the study was conducted. The final analysis 
comprised 63 data sets (35 male and 28 female patients, mean age at diagnosis: 67 years). The median Hemphill 
score at surgery was 3 (0= 1.6%, 1=14.3%, 2= 30.2% 3=44.4%, 4=9.5%; 5=0%). The mean interval from 
haemorrhage to the interview was 71 ± 40 months. Good neurological outcome was achieved in 52% (33/63) of 
the patients. Regarding their initial ICH treatment, 89.7% (52/58) of the patients would have given their consent 
to surgery retrospectively. This sub-cohort comprised all 33 patients who achieved good functional outcome. A 
surprisingly high rate of 76% (19/25) also would have given their consent despite poor outcome. Patients with 
tracheostomy in hospital (p=0.006), speech disorders (p=0.026) and decline in concentration ability (p=0.026) 
would not have given informed consent for surgery. 

Conclusion 

Our data clearly shows a disability paradox. The study supports minimally invasive fibrinolytic treatment of ICH 
even in cases with an expected poor neurological outcome since subjective perception of deficits could be in 
contrast with the objectively measured neurological outcome. This is the first study assessing retrospective 
consent to minimally invasive surgical treatment in patients with ICH. 
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TIGER PRO-Active Studie: Untersuchung der täglichen Aktivität, des Schlafs und der neurokognitiven Funktionen 
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TIGER PRO-Active study – investigating daily activity, sleep and neurocognitive functioning in glioblastoma 
patients applying TTFields therapy in Germany in routine clinical care 
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Objective 

Based on the EF-14 trial, TTFields therapy is recommended in treatment guidelines for newly diagnosed 
glioblastoma (GBM), including the DGN and DGHO guidelines, and a service of the statutory health insurance 
funds. However, real-world data is limited. The currently active TIGER study (NCT03258021) will give insight into 
patients' therapy decision, TTFields therapy duration and compliance, quality of life, survival and adverse events 
in the real-world setting. Following up, we established the TIGER PROgram, a collaborative network of centers 
involved in the TIGER study but open also for new centers in Germany engaged to collect more real-world 
evidence on this therapy. The first study initiated within this program is the TIGER PRO-Active Study 
(NCT04717739) investigating daily activity, sleep and neurocognitive functioning in glioblastoma patients 
applying TTFields therapy in Germany in Routine Clinical Care that we present here. 

Methods 

The TIGER PRO-Active Study is a prospective, non-interventional, multi-center study in Germany. We will recruit 
approximately 500 adult patients with newly diagnosed glioblastoma in accordance with treatment indication for 
TTFields therapy over the course of 2 years. Data on changes in daily physical activity and sleep in comparison to 
baseline will be collected via specific smartphone apps. Additionally, changes in neurocognitive functioning will 
be assessed using the MoCA (Montreal Cognitive Assessment) interview test. Quality of life will be evaluated 
with the EORTC QLQ-C30 and –BN20 questionnaires. Further, employment status, therapy usage, and serious 
adverse events will be assessed. Data will be collected over a time period of at least 12 months. 

Results 

First results are expected in 2024. 

Conclusion 

The TIGER PROgram will allow us to use previously established administrative structures for new real-world 
studies. Also, it will enable a basic data set across different trials and thereby facilitate meta-analyses across 
different populations. The TIGER PRO-Active study will give more detailed insight into daily physical activity, 
sleep, and neurocognitive functioning of newly diagnosed GBM patients using TTFields in routine clinical care. 
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Fig. 1 
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Objective 

Many patients with glioblastoma (GB) suffer from neurocognitive deficits. This can cause severe difficulties to 
manage daily-living activities and reduce quality of life. It is important to identify the affected cognitive domains 
in order to provide specific support. A single test is usually insufficient to characterize the cognitive deficit. The 
aim of this study is to identify clusters of tests representing different neurocognitive domains. 

Methods 

228 (146 males, 82 females, median age 63 years [24-83 years]) patients with newly diagnosed unilateral GB 
were tested prior to therapy with a set of 11 standard neurocognitive tests (cf. Results). A possible influence of 
age, gender and education level was examined by an analysis of variance. The data were normalized to 
percentile ranks. A hierarchical cluster analysis based on Pearson correlation ratios followed by a bootstrap 
procedure (using R 4.0.0, package "ClustOfVar") was performed (i) to test the stability of the partitions and find a 
suitable number of clusters using the adjusted Rand index (ARI, ranging from 0 – 1) and (ii) to evaluate the 
similarity between grouped tests as quantified by the within-cluster sum of squares (WSS). 

Results 

For a partition of the data in 6 clusters, substantial stability was obtained (mean ARI=0.75; overall gain in 
cohesion of 51%). The symptom clusters were classified as follows: (1) lexical fluency and verbal memory 
(Hopkins Verbal Learning Test, Controlled Oral Word Association Test; WSS=2.97), (2) working memory and 
executive function (Stroop Colour & Word Test, Digit Span Test; WSS=1.65), (3) graphomotor speed and 
visuospatial construction ability (Digit Symbol Test, Trail Making Test, 9 Hole Peg Test, Complex Figure Test: copy 
trial; WSS=1.93), (4) visuospatial attention (Symbol Cancellation Test, WSS=1.00), (5) visuospatial judgement 
(Judgment of Line Orientation Test; WSS=1.25) and (6) visuospatial memory (Complex Figure Test: delayed recall 
trial; WSS=1.94). 

Conclusion 

A wide range of cognitive domains - including lexical fluency, working memory and executive functions, 
visuospatial attention, judgement and memory - can be investigated by the set of 11 neurocognitive tests, 
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standardized for GB patients. Allocating grouped test results to stable domain clusters can not only increase the 
test validity compared to a single test, but also provides the caregiver with a routine interpretation strategy and 
help to identify the patients' need for specific support. 
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Objective 

Patients with diagnosis of malignant cerebral brain tumour tend to show high rates of perioperative 
psychooncological distress, particularly in cases with concomitant neurological deficits. In the present study we 
aimed to analyse psychooncological screening parameter in the long-term course in order to evaluate 
requirement of psychooncological treatment demand and its changes over time. 

Methods 

Data were collected using the following screening questionnaires: Hospital Anxiety and Depression Scale (HADS), 
Distress Thermometer (DT) as well as the European Organisation for Research and Treatment of cancer brain 
tumour module (EORTC QLQ-BN20). Retrospective cross-sectional analyses at 5 defined time points were 
performed using independent-sample T-tests, Pearson"s correlation and regression analyses. 

Results 

Data from 512 patients (291 male, 221 female) median age 56 years (range 19-86 years) were available for 
statistical analyses. Mean scores of HADS, DT and QLQ screening were perioperative high with lowering after 12 
and 24 months and again increasing after 36 months to perioperative values. Female gender, psychic anamnesis 
and worse functional status were risk factors for higher HADS and DT scores.  In patients with DT scores > 6 
Pearson correlation revealed high correlation of DT and EORTC items consistently over all time points. 
Concerning histology patients with glioblastoma did not show significant differences in scoring compared to 
other patients. DT and Depression showed significant influence on global health, quality of life, future 
uncertainty and anxiety perioperative (p= < 0.001) and after 12 months (p = 0.02). After 36 months DT and 
anxiety had significant influence on screening variables (p= 0.005). 

Conclusion 

This study presents long term result of a large cohort of patients with malignant brain tumours. These patients 
suffer from distress, anxiety and depression, which correlates with worse quality of life and the occurrence is 
dependent on certain risk factors. The data contributes to a better understanding of the psychooncological 
burden of these patients and therefore helps to improve psychooncological support. 
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Objective 

Neurooncological diseases cause physical, psychological, social and possibly also spiritual distress according to 
the Total Pain Concept. Neurooncologists and palliative care specialists should ideally address all four areas. In 
practice, neurooncological treatment focuses on physical, and sometimes psychological burden. However, social 
difficulties can have a massive impact on patients and relatives and their quality of life. The aim of the present 
work was to determine the importance of social stress for neurooncological patients in a pilot study 

Methods 

Neurooncological patients were routinely asked to answer a battery of different questionnaires including 
epidemiological data, the EORTC-qlq-C30 and -BN20 questionnaire, the distress-thermometer, and a modified 
variant of a palliative-care screening tool (MIDOS). The Likert scale of the EORTC were dichotomized into a 
"favourable" (no or minor burden) or "unfavourable" (major or severe burden) quality of life. All patients treated 
in our neurooncologic outpatients office between 02/2021 and 11/2021 were included in the present analysis. 
Data were collected and analysed using the Prism 9 for macOS (Version 9, GraphPad Prism). Data are presented 
as means ± standard error of mean. 

Results 

The present analysis includes data from 1061 consultations and 643 patients encompassing the entire range of 
benign and malign neurooncological diseases. Mean age was 58 ± 0.6 years. 105 patients (16.3 %) stated that 
they lived alone, 121 (19 %) had no steady partner and 55 patients (8.5 %) said they had neither a steady partner 
nor children or other relatives. 

Median distress was 5 (0 – 10). Neurooncological disease significantly affected everyday family life in 32 %, 
activities with relatives or friends in 29 % and in 50 % the overall quality of life within the last week. About 30 % 
of patients worried about the future or their family life. These findings were independent from tumour diagnosis 
(malignant vs. benign), life-expectancy, relationship status, living situation, children, and especially underaged 
children on the quality-of-life items. 

Conclusion 

Social stress is a significant problem in about 30 % of neuro-oncological patients. In our observation, this finding 
was independent from tumour diagnosis, life-expectancy and social situation. Future studies might specifically 
address social burden and develop concepts to explicitly support neuro-oncological patients and their families.  
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Objective 

Patients with brain tumors experience high psychological distress, which negatively affects tumor treatment. The 
Distress Thermometer (DT) was adopted to reliably evaluate distress in neuro-oncology. However, data about 
peri-operative distress is scarce, especially concerning patients with low-grade entities. Hence, we assessed 
distress levels in a typical neurosurgical patient cohort with various intracranial tumors using the DT. We aimed 
to reveal the correlation of the neurological status, tumour grade, and time point of survey to the distress level. 

Methods 

We conducted a retrospective study including inpatients with brain tumors who underwent surgery in our 
department between October 2015 and December 2019. Patients were routinely asked for distress using the DT 
during initial hospital stay for surgery. Base data as well as tumour localisation, Neurological Performance Score 
(NPS), KPS and time point of distress evaluation were assessed. 

Results 

254 patients were eligible (69 with WHO I tumors, 22 with WHO II, 17 with WHO III, 68 with WHO IV, 60 with 
brain metastasis, 12 with ZNS lymphoma and 6 from other central nervous system tumors). Mean value of the 
entire cohort regarding distress was 5.38 (SD=2.39). On average, 38.6% of all patients exceeded the DT cut-off 
value of ≥6. Clinical performance via KPS, neurological performance via MRC-NPS and motor deficits significantly 
impacted distress levels. We found no significant difference in distress between benign and malignant tumour 
patients. Subgroup analysis revealed that the measured distress shows only little fluctuation over this short time 
period. 

Conclusion 

The DT is an easy to use and suitable instrument for measuring distress in daily neurosurgical practice. Distress 
levels are high across all neuro-oncological patients, including benign tumours. Motor deficits, poor clinical and 
neurological performance significantly increase distress. Moreover, distress levels show little variation during 
peri-operative time period. However, prospective longitudinal studies are needed. 
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Objective 

Brain metastases were considered to be well-defined lesions, but recent research points to infiltrating behavior. 
Impact of postoperative residual tumor burden (RTB) and extent of resection are still not defined enough. 

Methods 

Adult patients with surgery of brain metastases between 04/2007-01/2020 were analyzed. Early postoperative 
MRI (&lt;72h) was used to segment RTB. Survival analysis were performed and cut-off values for RTB revealed. 
Separate (subgroup) analyses regarding postoperative radiotherapy, age and histopathological entities were 
performed. 

Results 

704 patients were included. Complete cytoreduction was achieved in 487/704 (69.2%) patients, median 
preoperative tumor burden was 12.4 cm 3 (IQR 5.2-25.8 cm 3 ),median RTB 0.14 cm 3 (IQR 0.0-2.05 cm 3 ) and 
median postoperative tumor volume of the targeted BM was 0.0 cm 3 (IQR 0.0-0.1 cm 3 ). Median overall 
survival was 6 months (IQR 2-18). In multivariate analysis preoperative KPSS (HR 0.981982, 95% CI, 0.9761-
0.9873, P <.001), age (HR 1.012363; 95% CI, 1.0043-1.0205, P = .0026), preoperative (HR 1.004906; 95% CI, 
1.0003-1.0095, P = .00362) and postoperative tumor burden (HR 1.017983; 95% CI; 
1.0058-1.0303, P = .0036) were significant. Maximally selected log rank statistics showed a significant cut-off for 
RTB of 1.78 cm 3 (P = .0022) at all, 0.28 cm 3 (P = .0047) for targeted metastasis and cut-off for age of 67 years 
(P < .001). (Stereotactic) Radiotherapy had a significant impact on survival (P < .001). 

Conclusion 

RTB is a strong predictor for survival. Maximal cytoreduction, as confirmed by postoperative MRI, should be 
achieved whenever possible, regardless of type of postoperative radiotherapy. 
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Objective 

Surgery in cases with multiple brain metastases remains controversial. For the present study we have therefore 
analyzed our institutional experience in order to help with the definition of the role of tumor resections in such 
patients. 

Methods 

We searched the departmental database in order to identify all cases with multiple brain metastases who 
underwent resective surgery 2015-2020. Pertinent clinical data were collected retrospectively and standard 
methods were employed for statistical analysis. 

Results 

We studied 133 consecutive patients (156 surgeries) with 2 (36.7%), 3-4 (27.3%), or ≥5 (36.0%) brain metastases. 
The most frequent primary tumors were lung (51.5%) and breast cancer (20.0%). Median overall survival (mOS) 
was 9.2 (25-75% IQR: 3.1-26.5 months). 30-day-mortality was 3.8% (5/133). The mean/median pre- and 
postoperative KPI was 77±19/ 80 and 75±24/ 85. Oligometastatic spread (2-4 metastases) was associated with a 
better outcome (mOS: 13.6 vs. 5.4 months, P=0.009). Younger age, a good presurgical KPI, and postoperative 
radio- and chemotherapy were also significant positive prognostic factors. The presence of extracerebral 
metastases did not influence OS. mOS varied with the patients" GPA scores (GPA 0-1: 4.8, 1.5-2.5: 14.8, 3-4: 20.2 
months; P=NS). Aggressive local therapy (i.e. surgical resection and/or radiosurgery for all CNS lesions) did not 
correlate significantly with survival. We recorded 12 (7.7%) major surgical, 9 (5.6%) permanent neurological, and 
14 (9.0%) medical complications (CTCAE grades III-V). Major complications were strongly associated with an 
adverse outcome (mOS: 2.8 vs. 11.8 months, P=0.001). Multivariate Cox analysis with all parameters significantly 
associated with survival in the univariate analysis revealed age, postoperative radio-/chemotherapy, and 
occurrence of a major complication as independent prognostic factors. 

Conclusion 

Survival after surgery in patients with multiple brain metastases may not be as bad as often thought, and 
interindividual variation is high. The role for aggressive local therapy beyond treating mass effect may be limited. 
This and the prominent prognostic role of radiotherapy and systemic treatment suggests that the primary goal of 
surgical therapy may be to enable effective adjuvant treatments. Surgery carries a low but significant 
complication rate, and major complications result in drastically reduced survival. 
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Objective 

To assess the impact of driver mutations in non-small cell lung cancer (NSCLC) on the development and 
treatment outcome of brain metastases (BM). 

Methods 

We retrospectively analyzed NSCLC patients who received surgery for BM and interdisciplinary additive 
treatment. We assessed number of BM, performance status, time from primary diagnosis to BM, treatment and 
local control/ overall survival after BM resection. We analysed all tumors for alterations in NSCLC by panel 
sequencing and fluorescence in situ hybridization (FISH) known by the time of analysis and implemented in our 
clinical routine. 

Results 

We included 253 patients. Histology was adenocarcinoma in 223 (88.1%), squamous cell carcinoma in 25 (9.9%) 
and not otherwise specified (NOS) in five (2.0%) patients. An activating KRAS mutation (33.6%) was the most 
prevalent mutation, followed by activating EGFR mutation (12.3%). Other, rare mutations were detected in 
12.6% while no known alteration was found in 40.3%. A TP53 mutation was present in 58.5%, a high level MET 
amplification was detected in 14.9%. The molecular groups did not differ in median age (p=.14), gender (p=0.06), 
systemic disease status (p=.86), timing (p=.22), quantity (p=.72) or location (supra- vs. infratentorial; p=.76) of 
BM. Cerebral treatment among molecular groups was similar and comprised surgery followed by radiotherapy 
and/or stereotactic radiosurgery (49.8%), radiotherapy alone (4.7%) or stereotactic radiosurgery alone (39.9%). 
Systemic treatment was initiated or continued after BM therapy in 169 patients and its frequency did not differ 
significantly between genotypes (p=.08), while treatment modality depended on the mutational status 
(p<.0001). EGFR mutated tumors showed longer local cerebral control rates (p=.02) and a longer overall survival 
compared to other subtypes (p=.019). Systemic treatment (HR 2.1 95%CI 1.4-3.0; p<.0001) and a good clinical 
status (HR 2.1 95%CI 1.2-3.7; p=.014) were the only independent factors for further survival. 

Conclusion 

The currently known driver mutations do not influence timing or pattern of brain metastases in NSCLC patients. 
Patients with EGFR mutated tumors show longer local cerebral control and longer overall survival compared to 
tumors with or without other genetic alterations. Systemic treatment and good clinical performance were 
independent factors for overall survival.  
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Objective 

The expression level of programmed cell death ligand 1 (PDL-1) might be an indicator for response to 
immunotherapy using checkpoint inhibitors in patients with non-small cell lung cancer (NSCLC). As intra-tumoral 
differences and discrepancies between the PDL-1 expression in the primary tumor and the brain metastases may 
occur, a method for a reliable non-invasive assessment of the intracranial PDL-1 expression would be of clinical 
value. We evaluated the potential of MRI radiomics for a non-invasive assessment of the PD-L1 expression in 
patients with NSCLC brain metastases. 

Methods 

Thirty-six patients with brain metastases from NSCLC underwent brain tumor resection with subsequent 
immunohistochemical assessment of the PDL-1 expression. Brain metastases were manually segmented on 
preoperative contrast-enhanced MRI. After radiomics feature extraction from T1-weighted contrast-enhanced 
and T2-weighted MRI, a test-retest analysis was performed to identify robust features prior to feature selection. 
The radiomics model was trained and validated using five-fold cross validation. Diagnostic performance was 
evaluated using receiver operating characteristic (ROC) analyses. 

Results 

An intracranial PDL-1 expression was found by immunohistochemistry in 18 of 36 patients (50%). Univariate 
analysis identified tumor volume as a significant clinical feature for PDL-1 expression (area under the ROC curve 
(AUC), 0.77). A random forest classifier using a six-parameter radiomics signature yielded an AUC of 0.88 ± 0.07. 
The combination of the radiomics features with tumor volume did not further increase the model performance. 

Conclusion 

The developed radiomics classifiers allows a non-invasive assessment of the intracranial PD-L1 expression in 
patients with NSCLC brain metastases with a high diagnostic performance. Further evaluation of the developed 
radiomics model in an external test dataset is ongoing. 
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Objective 

In brain metastases, hypoxic and necrotic tumor cells may prevent response to radiosurgery due to their 
reduced radiosensitivity and absence of reoxygenation during single dose irradiation. Tumors containing these 
resistant cells can potentially be identified from contrast-enhanced MR images both by human expert visual 
inspection or radiomics analysis. Therefore, we here determined the performance of MR-based radiomics 
features compared to visually  assessed semantic features for their ability to predict early response to 
stereotactic radiosurgery in patients with brain metastases. 

Methods 

In a retrospective study, 150 patients with 308 brain metastases from solid tumors (NSCLC in 53% of patients) 
treated by stereotactic radiosurgery (single dose of 17-20 Gy) were evaluated. The response of each metastasis 
(partial or complete remission vs. stabilization or progression) was assessed within 180 days after radiosurgery. 
Patterns of contrast enhancement in the pre-treatment T1-weighted MR images were either visually classified 
(homogenous, heterogeneous, necrotic ring-like) or subjected to a radiomics analysis. Random forest models 
including radiomics features, semantic features, or both were optimized by cross-validation and evaluated in a 
hold-out test data set (30% of metastases). 

Results 

In total, 221/308 metastases (72%) responded to radiosurgery. The optimal radiomics model comprised 10 
features and outperformed the model solely based on semantic features in the test data set (AUC, 0.71 vs. 0.56; 
accuracy, 69% vs. 54%). The diagnostic performance could be further improved by combining semantic and 
radiomics features resulting in an AUC of 0.74 and an accuracy of 75% in the test data set. 

Conclusion 

The developed radiomics model allowed prediction of early response to radiosurgery in patients with brain 
metastases and outperformed the visual assessment of patterns of contrast enhancement. 
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Objective 

Meningiomas represent about one-third of all spinal tumors. To date, few is known about the molecular profile 
of spinal meningiomas (SM) and its clinical impact. In this study, we correlate tumor features with the molecular 
status in a well-characterized cohort of 50 SM patients. 

Methods 

SM samples from 39 females and 11 males were collected. We preformed Next Generation Sequencing using 
an assay that covers a large number of frequently mutated genes in meningiomas including AKT1, KLF4, NF2, 
PIK3CA/PIK3R1, POLR2A, SMARCB1, SMO, SUFU, TRAF7, and the TERT promoter. Furthermore, we 
correlated clinical and imaging data with the molecular tumor status. 

Results 

AKT1 mutations were detected in 15 (30%) and NF2 mutations in 32 (64%) patients. In three cases (6%) 
no known driver mutations were found. NF2-mutant meningiomas occurred significantly more frequently in 
female patients (n= 30, 94%) than AKT1-mutant tumors (n= 7, p= 0.0006). A tumor location in the thoracic spine 
was significantly more common in NF2-mutant meningiomas (n= 25) than in their AKT1-mutant 
counterparts (n= 4, p= 0.0012). In contrast, meningiomas harboring an AKT1 mutation 
were predominantly located in the cervical spine (n= 11, 73.3%). Notably, 87% of AKT1-mutant meningiomas (n= 
13) and 28% of NF2-mutant meningiomas (n= 14) arose ventrally to the spinal cord (p= 0.0101). NF2-mutant 
meningiomas developed mainly in dorsal location to the spinal cord (n= 18, 56.2%). The histologic subtype 
of NF2-mutant meningiomas was variable (7 meningothelial, 14 psammomatous, 3 transitional, 5 fibrous), 
while all but one meningiomas harboring an AKT1 mutation showed a meningiothelial histology (93.3%, p= 
0.0001). Finally, none of the AKT1-mutant meningiomas showed calcifications in the MRI, whereas 
all calcified meningiomas (n= 17) were NF2-mutant (p= 0.0002). 

Conclusion 

AKT1 and NF2 mutations represent the main driver events in SM and are associated with distinct tumor features. 
AKT1-mutant meningiomas occur predominantly in male patients, originate in the cervical spine ventrally to the 
spinal cord, are almost exclusively associated with a meningothelial histology and exhibit no calcifications on MR 
imaging. NF2-mutant meningiomas are mainly representative in female patients, arise most frequently in the 
thoracic spine dorsally to the spinal cord, show variable histologic subtypes and are commonly calcified. 
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Objective 

Tumor-organoids (TOs) are novel, complex three-dimensional ex vivo tissue cultures that under optimal 
conditions accurately reflect the genotype and phenotype of the original tissue with preserved cellular 
heterogeneity and morphology. They offer a new and exciting platform for studying cancer biology and directing 
personalized therapies. Our study aimed to establish TOs from meningioma (MGM) and to test their usability for 
large-scale drug screenings. 

Methods 

TOs were established by controlled reaggregation of freshly prepared single cell suspensions of MGM tissues in 
96-well plates. Size and shape were continuously observed by light microscopy. Structural tissue architecture 
was assessed by H&E stainings. Live/dead (Invitrogen) staining assessed integrity and viability of TOs. TOs were 
treated with drug  concentrations ranging from 10 nM to 30 µM. Viability was assessed with CellTiterGlo3D 
(Promega). Resulting dose curves were converted to the z-transformed area under curve (z-AUC) values. 

Results 

We were capable of forming several hundred TO equal in size with a success rate of 98%. In total, standardized 
TOs from 60 patients were formed, including eight grade II and three grade III MGMs. TOs reaggregated within 3 
days seen by a reduction of the initial diameter by 50%. Thereafter, diameter remained stable throughout a 14 
days observation period. TOs consisted of largely viable cells, whereas dead cells were predominantly found 
outside of the organoid. H&E stainings confirmed the successful establishment of dense tissue-like structures. As 
a next step, we queried the suitability and reliability of TOs for robust large-scale drug testing by employing nine 
highly potent compounds, derived from a drug screening performed on MGM cell lines. First, we assessed if drug 
responses depend on the TO size. Interestingly, drug responses to these drugs remained identical independent 
of their sizes. Based on a sufficient representation of low abundance cell types such as T-cells and macrophages 
an overall number of 25.000 cells/TO was selected for further experiments revealing FDA-approved HDAC 
inhibitors as highly effective drugs in most of the TOs with a mean z-AUC score of -1.33. 

Conclusion 

Taken together, we developed a protocol to generate standardized TO from MGM containing low abundant cell 
types of the tumor microenvironment in a representative manner. Robust and reliable drug responses suggest 
patient-derived TOs as a novel drug testing platform. 
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Objective 

Multiple meningiomas (MM) are rare and present a unique management challenge. While the mutational 
landscape of single meningiomas has been extensively studied, understanding of the molecular pathogenesis of 
sporadic MM remains incomplete. The objective of this study is to elucidate the genetic features of sporadic 
MM. 

Methods 

We identified eight patients with MM (n=17) defined as ≥2 spatially separated synchronous or metachronous 
meningiomas. We profiled genetic changes in these tumors using a next generation sequencing (NGS) assay that 
covers a large number of targetable and frequently mutated genes in meningiomas including AKT1, KLF4, NF2, 
PIK3CA/PIK3R1, POLR2A, SMARCB1, SMO, SUFU, TRAF7, and the TERT promoter. 

Results 

Most of MM were WHO grade 1 (n= 14, 82.3%). Within individual patients, no driver mutation was shared 
between separate tumors. All but two cases harbored different hot spot mutations in known meningioma-driver 
genes like TRAF7 (n= 5), PIK3CA (n= 3), AKT1 (n= 3) and SMO (n= 1). Moreover, individual tumors differed in 
histologic subtype in 7/8 patients. The low frequency of NF2 mutations in our series stands in contrast to 
previous studies that included hereditary cases arising in the setting of neurofibromatosis type 2 (NF2). 

Conclusion 

Our findings provide evidence for genomic inter-tumor heterogeneity and an independent molecular origin of 
sporadic NF2 wild-type MM. Furthermore, these findings suggest that genetic characterization of each lesion is 
warranted in sporadic MM. 
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Objective 

Emerging evidence emphasizes the prognostic importance of meningioma location. The present investigation 
evaluates whether progression-free survival (PFS), proliferative potential, WHO grades, and inflammatory 
burden differ between anatomical locations (skull base, non-skull base, and spinal) meningiomas. 

Methods 

Five-hundred-forty-one cranial and spinal meningioma patients underwent Simpson grade I or II resection for 
WHO grade 1 or 2 meningiomas. The inclusion criteria of this study were histopathologically confirmed 
meningioma, an age greater than 18 years, the availability of neuropathology reports (MIB-I, mitotic count, 
CD68+ staining), and serum as well as plasma inflammatory laboratory values (fibrinogen & C-reactive protein). 

Results 

Univariable analysis revealed that spinal meningioma patients are significantly older, had a worse baseline 
Karnofsky Performance Status (KPS), higher acute-phase protein levels, lower incidence of WHO grade 2, lower 
mitotic counts, lower MIB-1 indices, and less CD68+ macrophage infiltrates. Furthermore, location-specific 
meningioma deficits such as seizure burden, cranial nerve deficits, and ambulatory ability were significantly 
associated with the MIB-1 indices in convexity, skull base, and spinal meningiomas. Multivariable analysis 
identified WHO grade 2 (OR:2.1, 95%CI: 1.1-3.7, p=0.02) and cranial location (OR:3.0, 95%CI: 1.8-4.9, p=0.001) as 
independent predictors of diffuse CD68+ macrophage infiltrates. The mean PFS in cranial meningiomas was 115.9 
months (95%CI: 107.5-124.3), compared to 162.2 months (95%CI: 150.5-174.0; log-rank test: p=0.02) in spinal 
meningiomas. Multivariable Cox regression analysis revealed cranial location as an independent predictor 
(HR:4.7, 95%CI: 1.0-21.3, p=0.04) of shortened PFS.  

Conclusion 

Increased MIB-1 indices ≥5% were significantly associated with location-specific deficits at presentation such as 
decreased vision and seizure burden. Spinal meningiomas have a significantly longer PFS time and differ from the 
cranial meningiomas regarding MIB-1 index and density of tumor-associated macrophages. 
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Objective 

Combinatorial targeted therapy has been suggested as a powerful approach to overcome drug resistance and 
also might lead to a dose reduction of the single drugs. Based on a previous drug screening in meningioma cell 
lines, we identified OTSSP167 (MELK inhibitor) and Panobinostat (HDAC inhibitor) as highly effective single agent 
drugs. To enhance their therapeutic effect, our study aimed at identifying potential synergistic drug 
combinations in vitro and ex vivo for the treatment of aggressive meningiomas. 

Methods 

A two-step approach of combinatorial drug screening was performed in two anaplastic meningioma cell lines 
(NCH93, IOMM-Lee). First, IC30 concentrations of OTSSP167 or Panobinostat were combined with each drug of a 
custom drug library (n=104) in a single dose (2.5 µM). Drug combinations with an over-additive effect were 
further evaluated in 8x8 dose-response matrices (DRM), and ZIP synergistic scores were calculated in R. Cell 
viability was assessed by CellTiter-Glo 2D. Cell cycle analysis, annexin V/PI staining, and Caspase-Glo 3/7 assay 
were performed on two additional meningioma cell lines. Drug combinations were further validated in patient-
derived meningioma organoid 3D models. 

Results 

Combinatorial drug screening identified five over-additive drug combinations. Validation of these combinations 
in DRMs revealed robust synergistic interactions of the Bcl-2 inhibitor Navitoclax with OTSSP167 (ZIP synergy 
score 20.9) and Panobinostat (11.9), which were selected for further functional tests. Combination treatment 
induced apoptosis as evaluated by cell cycle as an increase of cells in subG1-phase from 0.5%-5.6% to 12.0%-
32.6%, and from 0.5%-5.6% to 3.0%-22.5% in four meningioma cell lines compared to monotherapy, respectively 
(P<0.001). These results were further confirmed by Annexin V/PI staining and caspase 3/7-assay (P<0.001). 
Treatment of patient-derived meningioma organoids from four patients in DRMs resulted in highly synergistic 
inhibitory effects of these two combinations (ZIP scores 10.7 to 17.8, P<0.001). 

Conclusion 

Combinatorial drug screening identified Bcl-2 inhibitor Navitoclax to act synergistic with OTSSP167 or 
Panobinostat in vitro and in patient-derived meningioma organoids. Further investigation is needed to explore 
the molecular mechanism of their synergistic effects. 
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Objective 

Intracerebral hemorrhage (ICH) is associated with high morbidity and mortality Minimally invasive surgery (MIS) 
combined with tissue plasminogen activator (rtPA) fibrinolysis is considered a promising treatment option, 
however, a randomized trial failed to demonstrate a functional outcome benefit. Several factors have been 
identified to influence the efficacy of fibrinolytic therapy increasing the odds of reaching a better outcome, 
whereas the role of the ICH-volume reduction celerity has not been determined yet. We aimed to evaluate the 
contribution of ICH-volume reduction celerity to functional outcome of ICH-patients undergoing fibrinolytic 
therapy. 

Methods 

A retrospective analysis of patients with ICH treated with fibrinolytic therapy at our department from 2010 to 
2020 was performed. Hematoma volume was measured initially as well as after each rtPA dose, and the relative 
volume reduction after 24h, 48h and 72h was calculated. The patients' outcome at discharge was calculated 
according to the modified Rankin scale (mRS). The correlation of hematoma volume reduction celerity with 
patients' outcome was evaluated. 

Results 

A total of 280 patients were included in the study. The mean age of the patients was 69.6±12.5 years with a 
mean initial hematoma volume of 55.6±27.6 ml. In 54% the hematoma was deep-seated and 46% had lobar ICH. 
A mRS ≦ 4 at discharge had 50% of the patients, and mRS ≦ 3 only 7%. A faster ICH volume reduction of at least 
50% of the initial hematoma volume already after 24h was associated with better outcome (p=0.005). In 
contrast to that a volume reduction of >70% after 72h had no impact on functional outcome. A residual volume 
of <30 ml after 24h was correlated to better outcome (p<0.0001). The patients with <20ml residual hematoma 
after 48h had a three-fold higher chance of reaching mRS of at least 4 or lower at discharge (OR 3.6, p<0.0001). 

Conclusion 

A faster hematoma volume reduction of at least 50% of the initial ICH volume within 24h resulted in better 
functional outcome in ICH-patients undergoing fibrinolytic therapy. The identification of further factors 
associated with faster and more efficient ICH volume reduction may improve the effectiveness of fibrinolytic 
therapy and increase the number of patients achieving a mRS of at least 4 or lower at discharge as a prerequisite 
for neurological improvement during the following rehabilitation. 
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Objective 

Outcome prognostication represents a crucial step during acute care of intracerebral hemorrhage (ICH). 
Cerebellar hemorrhage represents the minority of ICH, requiring special considerations in this posterior fossa 
pathology. The aim of this study was to validate ICH- and ICH-GS score in patients with cerebellar hemorrhage 
and compare the functional outcome in patients with surgical or conservative treatment. 

Methods 

This was a multicenter study for validation of ICH- and ICH-GS scores in patients with cerebellar hemorrhage. 
Patients presenting to 9 different neurosurgical departments in Germany between 2005 and 2021 were enrolled 
in this study. After validation of both scoring systems, we stratified the cohort by surgical and conservative arms 
and compared the mortality and functional outcome at discharge and 6 months follow-up. 

Results 

Among 475 patients with cerebellar hemorrhage, 403 patients (85%) were eligible for analysis. Of those, 252 
patients (62.5%) underwent surgical and 151 patients (37.5%) conservative treatment. Both ICH- and ICH-GS 
score showed good prognostic accuracy for both mortality rate and functional outcome (all AUC >0.7 with 
asymptotic p-value <0.001). The mortality rate was significantly lower in the surgical arm in patients with ICH 
score greater than 3 (p=0.001) and ICH-GS score greater than 11 (p<0.001). However, mortality rate was 
significant higher in patients treated surgically with an ICH score of <3 (p=0.001). The conservative arm displayed 

a significantly higher favorable outcome in patients with an ICH score 3 (p<0.001) whereas there was a trend 
towards better outcome in the surgical arm with ICH- and ICH-GS score greater than 3 and 10, respectively. 

Conclusion 

In patients with cerebellar hemorrhage, conservative treatment may be adequate in patients with lower ICH- 
and ICH-GS score, while surgical treatment may promote better outcome in patients presenting with high ICH- 
and ICH-GS scores. 
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Risiko und Ausmaß intracranialer Blutungen bei Patienten mit einer COVID-19 Infektion auf der Intensivstation 
Risk and extent of intracranial haemorrhage in patients with COVID-19 infection admitted to intensive care unit 
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Objective 

The SARS-Cov2 pandemic has not yet been overcome even after 2 years. On the contrary, the number of corona 
patients is increasing and subsequently the number of patients with severe infection and neurosurgical-relevant 
complications. Intracranial bleeding is a dreaded concomitant complication. Yet, outcome and predictors for 
poor outcome following SARS-Cov2-associated intracranial haemorrhage (ICH) are not well described. Aim of the 
present pilot series was to assess outcome of SARS-Cov2-associated ICH and to identify predictors of outcome. 

Methods 

Inclusion criteria were (1) SARS-Cov2 infection requiring intensive care unit treatment (2) spontaneous SARS-
Cov2-associated ICH occurring (3) between 12/2020 and 12/2021 in our tertiary care centre. We dichotomised 
patients (pts.) into survivors of SARS-Cov2 infection and patients with a fatal outcome. Data were collected from 
the clinical information systems and analysed using the Prism 9 software (GraphPad). 

Results 

Within a one year period, 20 pts. with spontaneous SARS-Cov2-associated ICH were treated in our department. 8 
pts. suffered from intracerebral haemorrhage, 1 from spontaneous subdural haematoma and 11 pts. from 
subarachnoid haemorrhage (SAH). Mean age was 61±2.7 years, 6 pts. were female. Mean stay on ICU was 
20±3.5 days. 18 pts. required mechanical ventilation with a mean duration of 14±3.2 days. Extracorporal 
membrane oxygenation was necessary in 8 pts. 13 pts. (65%) died within our hospital treatment. All surviving 
pts. had a modified Rankin Scale score of 3 or greater at discharge. The only significant predictor for mortality 
was kidney failure requiring dialysis. There was a statistical trend towards a favourable outcome for female sex, 
diabetes mellitus, no-assisted ventilation, type of haemorrhage (SAH). Liver cirrhosis, extracorporal membrane 
oxygenation, hypertension and heart failure had no influence on early outcome. 

Conclusion 

SARS-Cov2-associated ICH has a high complication rate, but in itself does not result in increased mortality. 
Kidney failure, however, was asscociated with mortality. We encourage a multicentric collection and analysis of 
data on SARS-Cov2-associated neurosurgical complications. 

 
 



 

632 

 

Schlaganfall/Stroke 

V312 

 
Management und Outcome nach dekompressiver Hemikraniektomie bei malignem Schlaganfall in Folge eines 
herzchirurgischen Eingriffs 
Management and outcome after decompressive hemicraniectomy for malignant hemispheric stroke after cardiac 
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Objective 

Neurosurgical management of malignant hemispheric stroke (MHS) after cardiac surgery remains difficult 
because decision-making needs to consider severe cardiovascular comorbidities and anticoagulation 
requirements. Here, we analyzed anticoagulation management and outcome in patients undergoing 
decompressive hemicraniectomy (DHC) for treatment of MHS following cardiothoracic surgery. 

Methods 

All consecutive patients that underwent DHC for MHS in our department as a complication of cardiothoracic 
surgery between June 2012 and November 2021 were included. Clinical and demographic data, anticoagulation 
management and postoperative hemorrhagic complications were assessed. Outcome was determined according 
to the modified Rankin Scale (mRS) score at 30 days and 3-6 months. 

Results 

Thirty patients with a female-to-male ratio of 1:1.7 and a mean age of 55±11 years (range 27-71) were 
identified. Depending on laboratory analysis and the type of preoperative anticoagulation and/or platelet 
inhibition, perioperative coagulation was corrected by platelet concentrates, fresh frozen plasma, prothrombin 
complex concentrate, tranexamic acid, or a combination of the above. Out of 30 patients, 15 (50%) experienced 
new postoperative hemorrhagic lesions with 4 out of 15 lesions (27%) being fatal. Notably, all but one 
hemorrhagic lesions occurred before the discontinued anticoagulation and/or platelet inhibition were re-
initiated and despite perioperative discontinuation of anticoagulation and/or platelet inhibition, no coagulation-
associated cardiovascular complications were noted. Overall mortality and neurological outcome at 30 days 
were 30% with a median mRS of 5 (IQR 4-6), which remained similar at 3-6 months [Mortality: 30%, median 
mRS: 5 (IQR 5-6)]. Multivariate linear regression suggested a trend towards worse outcome in patients with new 
postoperative hemorrhagic lesions. 

Conclusion 

In this series, discontinuation and correction of anticoagulation and/or platelet inhibition did not result in 
cardiovascular complications and DHC reduced mortality compared to the reported natural course of MHS 
(80%). However, decompressive surgery for MHS after cardiothoracic surgery also resulted in a high proportion 
of severely disabled patients, which needs to be considered during counselling and surgical decision-making. 
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Lebensqualität und neuropsychologisches Outcome nach EC-IC-Bypassanlage bei erwachsenen Moyamoya-
Patienten 
Quality of life and neuropsychological outcome after EC-IC bypass revascularisation in adult Moyamoya patients  
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Objective 

Patients with Moyamoya angiopathy (MMA) have an above-average incidence of neuropsychological impairment 
and psychiatric comorbidities such as depression. A prevalence and correlation to preoperative imaging findings 
was identified in previous studies and a relation to a reduced quality of life (QoL) was proven. This study 
investigates changes in neuropsychological performance after revascularization by extracranial-intracranial (EC-
IC) bypass. 

Methods 

Neuropsychological and QoL data were analyzed in 30 adult patients pre- and 1-year postoperatively (SCL-90, SF-
36, BDI). In addition, executive function performance was obtained via a standardized test battery as part of the 
routine neuropsychological assessment (TMTA/B, D2, Ch-L).  

Results 

86 complete questionnaires and 88 executive function tests were available for analysis in total. Scores for 
anxiety, psychoticism and phobic anxiety showed significant improvement postoperatively (p < .01). QoL 
parameters like vitality, psychological well-being and social functioning (p < .01) as well as general health and 
physical role function (p < .05) were also significantly increased, especially if there were already limitations 
preoperatively. If depression was present preoperatively, its severity was also significantly reduced after 
revascularization (mean difference 7.7 ±1.3; p < .001). A significant improvement in executive function was 
observed in neuropsychological performance testing regarding psychomotor processing speed after 
revascularization (p < .01). 

Conclusion 

Insufficient intracerebral blood flow in Moyamoya patients leads not only to possible physical deficits, but also to 
neuropsychological impairment with correspondingly reduced QoL indicators. The results of this study show an 
improved outcome in various parameters after revascularization by EC-IC bypass. Neuropsychological 
performance should be tested and kept in mind when planning therapeutic concepts for patients with 
Moyamoya Angiopathy.  
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Korrelation hochauflösender Fasertraktographie und objektivierter Gesichtfelddefekte bei intrazerebralen 
Läsionen nahe der Sehstrahlung  
Correlation of visual field deficits and q-ball high resolution fiber tractography of the optic radiation for 
adjacently located intracerebral lesions 
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Objective 

Visual field deficits (VFD) due to optic radiation (OR) injury are a common complication among patients with 
lesions in the temporo-occipital lobe.The advent of diffusion tensor fiber tractography (DTI-FT) has been well 
established for planning neurological surgeries to diminish visual field deficits (VFD).The introduction of more 
sophisticated diffusion signal models for high resolution FT (HRFT) has already delivered promising and beneficial 
results compared with DTI.Our study aims to examine the utilization of DTI-FT and HRFT based on the q-ball 
model (QBI) in pre-surgical planning of lesions in the proximity of the OR and evaluate possible associations 
between VFD and 1) the nearest distance from lesion to the fibers of OR (nD-LOR), 2) the lesions volume (LV). 

Methods 

This is an on-going prospective clinical trial collecting clinical and imaging data on patients with lesions in 
deterrent areas. For this sub analysis, 10 patients with lesions (9 gliomas and 1 cavernoma) in proximity to the 
OR were analyzed.Probalistic QBI-, and DTI-FT was performed for OR reconstruction based on a conventional 
diffusion-weighted MRI sequence.Quantitative analysis evaluated LV and nD-LOR. VFD were determined in 
accordance to standardized automated perimetry.  

Results 

A total of 10 patients with a mean age of 53 years (SD 10.1) were included. Four patients presented with normal 
vision, and six with preexisting VFD. Five lesions were in the temporo-occipital lobe, two in the occipital lobe and 
three in the temporal lobe. According to QBI-FT, the median nD-LOR was significantly smaller in patients with 
VFD (-3.5 IQR 2.6) compared to those without VFD (9.7 IQR 11.7; p=0.01). Tumor volume was significantly larger 
among patients with VFD (24.9 IQR 9.4 vs. 6.8 IQR 5.1; p=0.01). No significant differences were observed in nD-
LOR between the groups, as measured with DTI-FT. Overall, increased tumor volume was significantly correlated 
with a decreased nD as computed with QBI-FT (rs=-0.71, p=0.022). 

Conclusion 

Our preliminary findings suggest that in cases with VFD the lesions are substantially larger and located close or 
even within the reconstructed OR-fiber bundle.These phenomena could be detected only by using QBI-FT, not 
DTI-FT.It seems the deployment of QBI-FT might be a promising tool to detect preexisting VFD and prevent 
further damage during surgery for lesions adjacent to the OR. 
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Entwicklung eines standardisierten Einstufungsverfahrens für intraoperative Sprachkartierungen basierend auf 
präoperativen Sprachfähigkeiten und einer Spracheloquenz-Klassifizierung 
Developing a standardised grading for intraoperative language mapping based on preoperative language 
abilities and language eloquence classification 
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Objective 

Awake surgery is the gold standard to preserve language function in patients with language eloquent brain 
tumors. However, some patients are not eligible for awake surgery. A thorough assessment of preoperative 
language deficits could provide critical information about patients' intraoperative performance capability. This 
study analyzed whether language errors, aphasia severity or a standardized classification of language eloquence 
can predict suitability for intraoperative awake language mapping. 

Methods 

A speech and language therapist blinded to surgery type assessed language abilities  based on a baseline object 
naming task of routinely implemented preoperative language mapping. We carried out classification of language 
eloquence (0-9 points) depending on cortical and subcortical tumor location and clinical history. Subsequently, 
we related these variables to the type of surgery. 

Results 

211 patients (Mage=56.6, SDage=15.2, 56.9% males) receiving preoperative language mapping between 5/2018 
and 1/2021 were prospectively enrolled. While none of the language errors or categories predicted surgery type, 
language eloquence correlated with rated aphasia level (rs=0.358, p<0.001) and awake vs. non-awake surgery 
(r=0.278, p<0.001). 75.9% of patients receiving an awake surgery had a language eloquence ≥5. Age (p<0.001) 
predicted surgery type, but ROC analyses suggested that this was not a sufficient indicator for awake surgery. 

Conclusion 

As shown by the correlation of language eloquence with type of surgery and rated aphasia severity, the 
combination of detailed preoperative language assessment with cortical, subcortical and clinical language 
eloquence could allow a systematic and standardized grading of awake surgery indication. 
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Unterschiede in der weißen Substanz in neurogenen Nischen bei Patienten mit Glioblastom - eine voxel-basierte 
Morphometriestudie 
White matter differences in neurogenic niches in patients with GBM – a voxel-based morphometric study  
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Objective 

Gliomagenesis is a highly relevant topic that has not yet been fully understood. Studies suggest that high-grade 
gliomas, such as GBMs, originally derive from neural precursor cells. There are two regions in the human brain 
containing large pools of neural stem cells, first the subventricular zone (SVZ) and second the dentate gyrus (DG) 
of the hippocampus. Only the SVZ has been associated with GBM development and progression. This study 
investigates said neurogenic niches and their involvement in GBM occurrence by means of MRI. 

Methods 

We examined preoperative T1-weighted, gadolinium enhanced MRI scans of 52 adult patients with 
histopathologically confirmed supratentorial primary GBMs. Tumor lesion masks were created for each patient 
and mean tissue volumes (MTV) of grey and white matter were calculated for the SVZ and the DG with the 
CAT12 toolbox implemented in SPM12. SVZ atlas maps were created manually with a mean thickness of 
approximately 2-3 mm. For the DG the preexisting CoBra hippocampal atlas was used. Patients were categorized 
by the smallest distance between the tumor and the regions in question, determining if the tumor had contact 
to either the SVZ or the DG. Interhemispheric differences were analyzed with combined and independent t-tests. 

Results 

MTV for white matter SVZ (p=.001), as well as for white matter DG (p<.001), were significantly higher in the 
tumor hemisphere than the healthy one. In the SVZ-contact group (n=10) MTV for white matter SVZ were 
significantly higher in the tumor hemisphere (p=.001) and in the healthy hemisphere (p=.012), than in the SVZ-
non-contact group (n=35). In the DG-contact group (n=7) MTV for white matter DG were significantly higher in 
the tumor hemisphere (p=.001) than in the DG-non-contact group (n=38). Inverse effects were found for grey 
matter DG (p=.001) and total DG (p=.001), where MTV were higher in the DG-non-contact group. In the DG-
contact group MTV in the healthy hemisphere were significantly higher for grey matter SVZ (p=.036) and total 
SVZ (p=.028). 

Conclusion 

For both SVZ and DG morphometric differences were found between tumor and healthy hemispheres, 
suggesting that especially the white matter seems to play an important role in GBM occurrence. Higher white 
matter mean tissue volumes were found in neurogenic regions when the tumor had contact to the SVZ or DG, 
indicating its significance in gliomagenesis. Additionally, DG has not yet been associated with GBM development 
in that way. 
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Thallium-201-SPECT zeigt gute Sensitivität und Spezifität zur Differenzierung von Tumorprogression gegenüber 
Radionekrose/Pseudoprogression bei re-operierten Patienten mit Glioblastom nach Radiochemotherapie 
Thallium-201-SPECT demonstrates excellent sensitivity and specificity to differentiate tumour recurrence from 
treatment-related changes in re-operated cases of glioblastoma after radiochemotherapy 
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Objective 

Distinguishing treatment related changes (TRC) from tumour progression is still challenging, especially regarding 
the limits of standard MR imaging and application of RANO criteria. The aim of this work is to analyze the 
sensitivity and specificity of additionally Thallium 201 (201T1) single-photon emission computed tomography 
(SPECT) in the prediction of neuropathological proved recurrence in a case series of re-operated glioblastomas 
after standard radio-chemotherapy. 

Methods 

Inclusion criteria: Patients with diagnosis of Glioblastoma WHO °IV, surgical tumour removal, radio-
chemotherapy,  suspected glioblastoma recurrence by standard or multimodal MR imaging,  201T1-SPECT 
examination and neurosurgical re-operation. 201T1-SPECT images were re-evaluated in a semi-quantitative 
manner using 4 different ratios (Q1-4) based on manually drawn 3 region of interests (ROIs) (ROI1: suspected 
tumour, ROI2: contralateral mirror and ROI3: scalp), Q1 = ROI1max/ROI2 max, Q2= ROI1average /ROI2 average, Q3= ROI1 

max /ROI3 max und Q4= ROI1average /ROI3 average.  The definitive diagnosis in all patients was based on 
neuropathological examination. 

Results 

201T1-SPECT was performed in 82 cases of suspected recurrence of glioblastoma. Of those 82 cases, 20 patients 
underwent surgical re-intervention (11 male, 9 female). Mean age was 57 years (40-74 years), near-total or 
subtotal tumour removal was performed in 19 patients, biopsy was performed in one patient. Definitive 
neuropathological diagnosis was recurrent tumour in 17 patients; however treatment related changes in terms 
of radiation necrosis were demonstrated in 3 patients. A significant correlation was found between the 201T1-
SPECT results (using all ratios Q1-Q4) and the histological diagnosis (p < 0.05, Spearman test). Sensitivity and 
specificity of Thallium-SPECT was found to be 94.1% and 100% respectively.  

Conclusion 

In this case series of 20 re-operated patients, 201T1-SPECT could accurately differentiate tumour recurrence from 
TRC / radiation necrosis in patients with glioblastoma and MR criteria of tumour progression after radio-
chemotherapy. The limitation of this study is clearly the low number of cases; however the results shown here 
could be used as a basis for further retrospective and prospective studies, focussing on 201T1-SPECT cut off 
values and integrating further data, especially survival and correlation with multimodal MR imaging. 
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Fig. 2 
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PSMA PET/MRT und Lu177 PSMA-Therapie in Patienten mit rezidivierendem malignem Gliom 
PSMA PET/MRI and Lu177 PSMA therapy in relapsing malignant glioma 
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Objective 

Malignant gliomas (MG) are still associated with an unacceptable poor prognosis. New therapeutic targets and 
strategies are needed to improve patients' survival while preserving health related quality of life. To date, 
prostate specific membrane antigen (PSMA) is discussed as a therapeutic target for PSMA-directed radioligand 
therapy (Lu177-PSMA therapy). With this study we aim to investigate and correlate PSMA expression to PSMA 
tracer uptake in relapsing MG. Further, we provide data of our first experiences with Lu177-PSMA therapy in 
three patients with relapsing MG. 

Methods 

Patients with relapsing MG and no other available treatment options have been subjected to PSMA PET/MRI 
diagnostics to evaluate eligibility for Lu177-PSMA therapy. Quantitative imaging data has been correlated with 
histopathologically determined PSMA expression. Common toxicity criteria (CTC-AE v5.0) and nuclear medicine 
data have been assessed in patients who received Lu177-PSMA therapy. 

Results 

In total 20 patients with a median age of 53 (IQR 42-57) years and a female-to-male ratio of 1:3 were evaluated 
with PSMA PET/MRI. Median SUVmean was 3.2 (IQR 2.5-3.9) in the tumor and 4.3 (IQR 3.6-5.7) in the liver. 
Tumor-to-liver ratio of SUVmean was 0.7 (IQR 0.6-0.9). In three patients, we observed a significant uptake with 
consecutive tumor-to-liver ratios of 1.2, 1.4 and 1.5 and therefore, those patients have been subjected to Lu177-
PSMA therapy. So far, each patient has completed two cycles of therapy. In one patient, CTC AE °2 with a 
thrombocytopenia of 68 / nl related to the treatment occurred. Histological studies exhibited variable PSMA 
expression but suggested a correlation of high PSMA expression in the tumor neovasculatur in patients with 
increased PSMA uptake of the tumor. 

Conclusion 

With this study, we show that only few (15%) patients with relapsing MG qualified for Lu177-PSMA therapy. 
However, our preliminary data demonstrated acceptable toxicity. Further, PSMA expression in the 
neovasculature of MG may correspond with the PSMA uptake. More patients need to be evaluated to prove 
PSMA staining as a screening tool prior to PSMA PET initiation, and to draw conclusions on toxicity and efficacy 
of Lu177 PSMA therapy. 
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Ganganalyse von MS Patienten mit einem implantierbaren Nervus peronaeus Stimulator zur Behandlung einer 
zentral bedingten Fußheberparese 
Gait analysis with an implanted peroneal nerve stimulator in MS patients with central drop foot syndrome 
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Objective 

Direct electrical stimulation of the peroneal nerve, using the implantable peroneal nerve stimulator, enables a 
therapy of the centrally caused drop foot, improving the gait of the patients. In this paper, we present the gait 
analysis results from MS-patients with a central drop foot. Therefore, our aim was to further investigate the 
effects of the implanted system on gait kinematics and spatiotemporal parameters in MS patients. 

Methods 

A total of 12 multiple sclerosis (MS) patients were implanted with an implantable peroneal nerve stimulator, 
with 6 patients completing baseline and follow-up examination. The participant"s gait was assessed with surface 
stimulation and stimulation with the implant. Rated as gold standard for investigating changes in gait, a 
computerized video-based motion analysis system with infrared cameras was used to track changes in 
predefined spatiotemporal parameters. The user satisfaction was evaluated with a survey. 

Results 

A significant increase in speed of 0.64 m/s and 0.6 m/s was achieved by the peroneal nerve stimulator and the 
surface stimulation compared to the baseline, respectively (p = 0.005). In addition, the stride length significantly 
improved by 3.6 cm with implant stimulation and 2.9 cm with surface stimulation. Compared to the surface 
stimulation the implantable peroneal nerve stimulator significantly improved the reduced dorsiflexion. In the 
user satisfaction survey all patients reported an added value in everyday life using the implant device compared 
to the surface stimulation with an improvement in mobility and the risk of falling. 

Conclusion 

The implantable peroneal nerve stimulator improves gait speed, stride length and dorsiflexion in multiple 
sclerosis-related foot lift weakness. It can be easily integrated into everyday life and ensures a safe gait. It could 
serve as a new therapeutic alternative for central foot weakness in multiple sclerosis.  

Key Words: multiple sclerosis, drop foot, implantable peroneal nerve stimulator, neuromodulation 
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Objective 

Despite tremendous advances in drug and physical therapy, chronic pain treatment remains challenging in a 
considerable proportion of individuals. When conventional therapies fail, modulation of the lateral and medial 
thalamic pain networks (figure 1) using reversible deep brain stimulation (DBS) or targeted irreversible 
thalamotomy by Gamma Knife Radiosurgery (GKRS), Radiofrequency ablation (RFA) or Magnetic Resonance 
(MR)-guided Focus Ultrasound (MRgFUS) appear to be considerable treatment options. 

Methods 

We performed a literature search for clinical trials targeting the sensory and affective thalamic circuits relevant 
for pain processing. We performed databased searches and a manual library search was performed using the 
terms "chronic pain", "thalamotomy", "deep brain stimulation", "ventral-postero-lateral nucleus of the 
thalamus", "centrum-median parafascicular nucleus of the thalamus", "affective thalamic pain transmission", 
"somatosensory thalamic pain processing", and "anterior cingulate cortex" (figure 2). 

Results 

We identified in-human studies targeting the somatosensory and affective thalamic nuclei for four different 
stereotactic-guided procedures, namely DBS, GKRS, RFA, MRgFUS. Specifically, we identified a total number of 
320 patients that has been treated with thalamic DBS indicating thalamic DBS to be effective and safe. 
Furthermore, DBS of the anterior cingulate cortex (ACC), a target associated with the affective pain domain, 
revealed 5 human studies with a total of 54 implanted chronic pain patients. GKRS was performed in a total of 60 
patients, while MRgFUS has been applied to a relatively low number of patients. 

Conclusion 

VPL and CmPf DBS decreased pain by sensory and attentional modulation. Chronic pain stimulated in the CmPf 
or ACC reported unchanged pain levels, however, affective distancing to chronic pain stimuli was observed in 
these cohorts of DBS patients (Fig. 1 a). However, the available data is of heterogeneous and of preliminary 
nature, hindering effective comparable analysis. Hence, recommendations and guidelines covering advantages 
and disadvantages of each approach, including such parameters as invasiveness, risk-benefit ratio, reversibility 
and responsiveness are warranted.  
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Management- und Behandlungskonzepte für Wundinfektionen im Zusammenhang mit 
Neuromodulationsgeräten: eine bundesweite Umfrage in Deutschland 
Management and treatment concepts for neuromodulation hardware-related wound infections – a nationwide 
survey in Germany 

P. Andrade1, P. Heiden2, V. Visser-Vandewalle3 

1Universitätsklinikum Köln, Klinik für Stereotaxie und funktionelle Neurochirurgie, Köln, Deutschland 
2Universitätsklinikum Köln, Klinik für Stereotaxie und funktionelle Neurochirurgie, Köln, Deutschland 
3Universitätsklinikum Köln, Klinik für Stereotaxie und funktionelle Neurochirurgie, Köln, Deutschland 

Objective 

To identify the incidence of hardware-related infections after surgical neuromodulation treatments in Germany. 
To depict the management and treatment algorithms of hardware-related infections currently performed in 
German hospitals. 

Methods 

A standardized questionnaire consisting of 10 multiple choice questions was sent to all affiliated members in the 
German Society of Neurosurgery (DGNC). Each question presented the possibility to provide additional or 
specific individual responses, covering the incidence, management algorithm, guidelines, diagnosis, as well as 
medical and surgical treatment of hardware-related infections such as spinal cord (SCS), peripheral nerve field 
(PNFS), sacral nerve (SNS) and deep brain stimulation (DBS). 

Results 

Twenty-two neurosurgical centers answered the questionnaire. The majority of centers performed between 20 
to 50 neuromodulative procedures each year (54.55%). The average rate of infections was under 5% (86.36%), 
mostly between 2-5% of the cases (54.55%). The management and treatment of these infections is primarily 
performed on a case-by-case basis (77.27%), since many of the participating institutions reported the absence of 
specific guidelines for antibiotic or surgical management (63.64%). The main agents identified for these 
infections were Staphylococcus epidermidis (59.09%) and Staphylococcus aureus (40.91%). Among the 
antibiotics used as a first line treatment, flucloxacillin (23.52%) was the most common, followed by clindamycin, 
cefazolin, cefuroxime, ceftriaxone + metronidazole, and vancomycin. In almost two-thirds of the cases (61.82%) 
where a surgical revision was performed, the strategy was to attempt to avoid a complete explantation of the 
neuromodulative system. 

Conclusion 

Diagnostics and treatment concepts for hardware-related infections in neuromodulation are very heterogeneous 
in German hospitals. In particular, the antibiotic therapy applied was highly diverse among clinics. Therefore, 
there is an imperative necessity for comprehensive guidelines that could offer a more standardized management 
for this group of infections. 
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Wilhelm Tönnis: Sein Gästebuch 1934 bis 1943 
Wilhelm Tönnis – his personal guestbook 1934 until 1943 
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Objective 

Analysis of profession, origin, and rank of persons visiting his department in Würzburg and Berlin and signing in 
his guestbook, which is stored in the Karl-August-Bushe Archive in Würzburg.  

Methods 

The visitors signed with their name, their affiliation or country, and (in most instances) the date of their visit. 
Since deciphering of the hand-written entries often met with difficulties we used a variety of tools in order to 
identify the person behind the signature, e.g., their published papers, contemporary phone and address books, 
family trees open to the public (e.g. Ancestry), and articles on the history of neurosurgery in the states 
mentioned. 

Results 

Of a total number of 571 entries, assigned to some 515 individuals, 98 could finally not be deciphered, whereas 
in 269 cases the persons behind the signatures could be identified. We found many famous names representing 
the contemporary or future international „Who’s who“ in surgery, neurosurgery and neuroscience. 49 percent of 
the visitors came from abroad, a large proportion from Japan, South America and Southeast Europe, apart from 
the allied states Italy and Spain. The predominance of these countries mainly reflected current German 
economic and strategic interests, in addition to some historic ties. About 20 visitors later became famous in their 
home countries for pioneering work in neurosurgery or neuroscience, and 13 of them after spending a 
scholarship with Tönnis. We found that some scholarships were granted by institutions which appeared neutral 
on the outside, but were actually subjected to strict political (and ideological) control, e.g., “A.-v.-Humboldt-
Stiftung“ or “Mitteleuropäischer Wirtschaftstag“. Moreover, literature data indicate that even the selection of 
applicants for fellowships was guided by political authorities. Other visitors of Tönnis‘ department included high-
ranking Nazi authorities as well as a number of military personnel, the latter reflecting the German rearmament 
and the recognized military significance of neurosurgery. Finally, several entries tell us stories about the 
dramatic reality of daily life under the Nazi regime.  

Conclusion 

While Tönnis‘ neurosurgical activities and mentorship in Berlin have usually been looked at without considering 
the political conditions of that time, his guestbook has broadened our perspective. 
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Geschichte der stereotaktischen und funktionellen Neurochirurgie Zürichs 
History of Zurich's stereotactic and functional neurosurgery 
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Objective 

Zurich's stereotactic and functional neurosurgery (SFN) has a long and vibrant legacy beginning with the early 
studies of the physiologist and Nobel prize winner Walter Rudolf Hess over the pioneering efforts of the 
neurosurgeons Hugo Krayenbühl and Mahmut Gazi Yaşargil up to the extraordinary work of the functional 
surgeon Jean Siegfried and the modern era of SFN and neuromodulation. 

Methods 

A comprehensive review and synthesis of data acquired from institutional archive documents and personal 
correspondences as well as from international journal articles, included references, proceedings of scientific 
meetings, staff biographies and book publications were performed to gain insight into Zurich's long journey 
towards contemporary SFN, and to highlight its stereotactic and functional history. 

Results 

The history of SFN in Zurich is spanning nearly a century and includes pioneering work especially for deep brain 
stimulation and focused ultrasound therapy. After an era of neuroablative treatment and thereafter of mainly 
neuromodulatory interventions a period of both lesional and modulatory therapy followed. Nowadays, robotic 
supports the neurosurgeon during most of the stereotactic procedures. 

Conclusion 

Zurich's history of medicine includes decisive moments for the fundamentals and development of SFN. After an 
early period of innovation and research later followed by a long time of clinical application during the 20th 
century, it became quieter at the turn of the century. Since the end of the 2000s, an impressive renaissance 
occurred in Zurich that revived its rich SFN tradition. 
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Ausbildung von Medizinstudierenden mithilfe von Augmented Reality und kadaverfreien Hirnmodellen von 
UpSurgeOn: eine pädogische Wirksamkeitsstudie 
Medical student training using augmented reality and cadaver-free brain models by UpSurgeOn – an educational 
effectiveness study 

I. E. Efe1,2, E. Çinkaya3, M. Bruesseler4 

1Charité – Universitätsmedizin Berlin, Berlin, Deutschland 
2Klinik Hirslanden Zürich, Chirurgisches Zentrum Zürich, Zürich, Schweiz 
3Universitätsklinikum Hamburg-Eppendorf, Hamburg, Deutschland 
4King's College London, London, Vereinigtes Königreich 

Objective 

Advances in augmented reality and 3D printing technologies have opened the way for more realistic surgical 
simulators. We assessed the educational effectiveness of the UpSurgeOn simulation-based training model for 
medical student hands-on teaching. 

Methods 

We organized a two-day microneurosurgery simulation course tailored to students. On day one, three senior 
neurosurgeons lectured on basic principles of neurosurgery using virtual three-dimensional models and the 
augmented reality software of the UpSurgeOn educational app. They then demonstrated anatomical 
explorations and microsurgical approaches with the help of life-like physical simulators (BrainBox, UpSurgeOn). 
The surgical field was captured by a robotic-assisted exoscope (RoboticScope, BHS Technologies) and projected 
to multiple large high-definition screens. On day two, the students were equipped with surgical loupes and 
microsurgical instruments and rotated through multiple stations to simulate a pterional, temporal and 
endoscopic retrosigmoid approach. They were further instructed in the handling of the RoboticScope to practice 
five clipping procedures using the Aneurysm BrainBox. They were supervised by the senior faculty. All students 
filled out a digital 15-item questionnaire to evaluate their learning experience. 

Results 

Sixteen medical students from five different countries participated in the course, seven of which had never been 
exposed to neuroanatomical dissections before. No student had previous experience with UpSurgeOn 
simulators. All participants agreed the app helped develop anatomical orientation and familiarity with 
neurosurgical skills. They unanimously agreed this model should be part of residency training.  Fourteen out of 
sixteen students rated their overall learning experience as totally positive, the remaining two as rather positive. 
Over 80% agreed that both the brain surface and the vascular and skull base anatomy were realistic. Yet, three 
students believed that the simulation did not help them become familiar with the real tactile sensation of the 
brain. 

Conclusion 

The UpSurgeOn educational app and real life-like cadaver-free models enable a highly effective and immersive 
approach to surgical training of medical students in the form of hands-on simulations. Comparative trials may 
identify a long-term benefit of UpSurgeOn-assisted simulation-based training over conventional training in the 
future. 
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Virtuelle Wirklichkeit in der neurochirurgischen Ausbildung bei der Platzierung der Kraniotomie 
VR-based training of craniotomy for intracranial aneurysm surgery 

A. Amini1, B. Neyazi1, K. P. Stein1, K. Hartmann1, M. Allgaier2,3, B. Preim2,3, S. Saalfeld2,3, I. E. Sandalcioglu1 

1Universitätsklinikum Magdeburg, Klinik für Neurochirurgie, Magdeburg, Deutschland 
2Universitätsklinikum Magdeburg, Faculty of Computer Science, Magdeburg, Deutschland 
3Otto-von-Guericke University Magdeburg, Forschungscampus STIMULATE, Magdeburg, Germany, Magdeburg, Deutschland 

Objective 

Objective. The microsurgical treatment of intracranial aneurysms poses a major challenge in the field of vascular 
neurosurgery. One important step involves an appropriate positioning of the patient"s head and the proper 
placement of the craniotomy in dependence of aneurysm location. Here, we present a VR-based training model 
as an effective tool for training.    

Methods 

Methods. We designed and implemented an immersive VR access simulation, where the user is surrounded by a 
virtual operating room, including medical equipment and virtual staff. The patient's head can be positioned via 
hand rotation and an arbitrary craniotomy contour can be drawn. The chosen access can be evaluated by 
exposing the aneurysm using a microscopic view. 

Results 

Results. The evaluation of the simulation took place in three stages: testing the simulation using the think-aloud 
method, conducting a survey and examining the precision of drawing the contour. Although there are 
differences between the virtual interactions and their counterparts in reality, the participants liked the 
immersion and felt present in the operating room. The calculated surface dice similarity coefficient, Hausdorff 
distance and feedback of the participants show that the difficulty of drawing the craniotomy is appropriate. 

Conclusion 

Conclusion. The presented training simulation for head positioning and access planning benefits from the 
immersive environment. Thus, it is an appropriate training for novice neurosurgeons and medical students with 
the goal to improve anatomical understanding and to become aware of the importance of the right craniotomy 
hole. 
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Geschlechterungleichheit in der Neurochirurgie – eine bundesweite umfragebasierte Analyse unter 
Neurochirurginnen in Deutschland 
Gender inequality in neurosurgery – a nationwide survey-based analysis amongst women neurosurgeons in 
Germany 

E. Çinkaya1, R. Schmargon2, I. E. Efe2 

1Universitätsklinikum Hamburg-Eppendorf, Hamburg, Deutschland 
2Charité – Universitätsmedizin Berlin, Berlin, Deutschland 

Objective 

Neurosurgery remains male-dominated. To explore gender inequalities and challenges encountered by women 
neurosurgeons in Germany, a nationwide web-based survey was conducted. 

Methods 

A 40-item questionnaire including Likert-type and open-ended questions was distributed to women 
neurosurgeons through the German Society of Neurosurgery (DGNC) and direct email communication. 

Results 

50 women neurosurgeons (mean age 39.7) with 12.4 years average working experience responded. The majority 
(78%) practiced in departments with a female-to-male-ratio of less than 1:2. Two thirds experienced gender 
stereotypes and discrimination. While many (70%) reported they would choose neurosurgery a second time, 
only half declared they would recommend a career in neurosurgery to their son (52%) and only few to their 
daughter (34%). Responses indicated an urgent need for better family leave policies (88%), mentoring programs 
(80%) as well as gender awareness programs (64%). Burnout, or the fear of developing it, was reported by 
almost half of the participants. 

Conclusion 

The majority of women neurosurgeons is affected by gender inequality. Our study stresses the need for 
improved working conditions and increased awareness for gender discrimination. Larger surveys including the 
perspectives of male neurosurgeons may help foster debate. 
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Herausforderungen und Schwierigkeiten bei der Schaffung eines pädiatrischen Neurochirurgiedienstes an den 
Grenzen Europas 
Challenges and difficulties in setting up a pediatric neurosurgery service at the borders of Europe 

I. Mavridis1, G. Tokas1 

1Democritus University of Thrace, Department of Neurosurgery, Alexandroupolis, Griechenland 

Objective 

The availability of pediatric neurosurgery services is limited in many European areas. With this study we aimed to 
describe difficulties and challenges we faced while trying to set up such a service in our institution (at the 
eastern European borders) and how we managed them. 

Methods 

Following the addition of a pediatric neurosurgeon to our staff, we have been trying to set up a pediatric 
neurosurgery service in our Hospital (a tertiary reference center covering a population of around 600,000) over 
the last 15 months. We retrospectively analyzed the numerous difficulties and challenges we have confronted 
during this ongoing effort so far and our particular care to deal with them. 

Results 

The major difficulties included: 1) absence of pediatric intesivists, 2) absence of a dedicated pediatric 
neurosurgery outpatient clinic, and 3) limited available equipment for pediatric neurosurgery procedures. We 
therefore initially avoided extensive surgeries that would require intensive care, we established the first 
dedicated pediatric neurosurgery clinic in our region, and we achieved to increase the existing equipment (an 
ongoing effort). The main challenges included: 1) multicultural populations and minorities from various areas 
often with limited access to medical care and communication problems, 2) refugee flows crossing the borders to 
reach Europe in various dangerous ways with frequent accidents, 3) unfamiliarity of the regional population with 
the opportunity to receive such specialized care at our institution and, of course, 4) the ongoing covid-19 
pandemic. Dealing with these challenges, we carefully managed children from different cultural backgrounds 
using translators were necessary, we adapted to the pandemic protocols, and publicized our Hospital"s new 
service via the local media. 

Conclusion 

Setting up a pediatric neurosurgery service is a challenge itself. In the context of a European border area with 
multicultural populations, frequent refugee flows and during a pandemic period, the goal seemed elusive. 
However we proved it wasn"t. Sharing difficulties and challenges during such efforts, and the ways to manage 
them, can help neurosurgeons all around the globe who want to try similar endeavors, particularly in 
geographically and culturally sensitive regions. 
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Schwanger in der Neurochirurgie: erste Ergebnisse einer nationalen Umfrage 
Pregnancy and neurosurgery – preliminary results of a nationwide survey 
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Objective 

Pregnancy in surgical disciplines often leads to a ban from the operating theatre. Especially German legislation 
focuses more on the "protection" of mother and child than autonomy. Since data for German neurosurgeons are 
scarce, we aim to evaluate the situation of pregnant female neurosurgeons in Germany. 

Methods 

We performed an online survey via SurveyMonkey among all female members of the German society for 
neurosurgery (DGNC) and the professional association of German neurosurgeons (BDNC). 

Results 

Out of 286 invited female neurosurgeons, 59 responded the questionnaire (21%), of whom 35 (59%) have 
children or are currently pregnant with their first child. Of these, 85% reported concerns to announce their 
pregnancy because of potential job-related disadvantages like surgery ban. All participants (having children/ 
currently pregnant) wanted to continue surgery while pregnant. However, 42% (14/33) did not perform any 
surgery during pregnancy, primary due to an immediate surgery ban given by the employers (86%). 

The remaining 58 % of the pregnant neurosurgeons were initially able to continue to operate. However, after 
official announcement, another 47% of these were imposed with a surgery ban. Ten of the 21 banished 
neurosurgeons appealed, but no one was successful. 

Self-estimation revealed a reduction of surgical activity to 30% compared to the year prior to their pregnancy. 
The majority experienced a 1-1.5 year (30%) or a 1.5-2 year (27%) interval without surgical activity because of 
pregnancy and motherhood. Half of the respondents experienced discrimination in surgery allocation 
procedures after job return. 

Conclusion 

Despite the preliminary character of our data, there is a contradiction between female neurosurgeons" 
preference to perform surgery during pregnancy and the actual situation, in which many experienced an 
involuntary ban from the surgical theatre. Even if they were allowed to operate, the number of performed 
surgical procedures was considerably lower compared to the year before pregnancy. Combined with the 
surgery-free interval due to parental leave and the reported discrimination in surgery allocation procedures after 
job return, female neurosurgeons experience major disadvantages in their surgical training. We postulate that 
the surgery ban in pregnancy aggravates a glass ceiling effect for female neurosurgeons and propose to diminish 
bureaucratic obstacles to enable continuation of surgery for those who wish to do so. 

 
 


