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intracerebral lesion were included in our study. After patient registration, the 
lesion outlines were marked on the patient’s skin by different participants, 
consecutively using the Brainlab neuronavigation system and the HoloLens. 
Each registration on both systems provided a registration transform that 
was compared for accuracy and consistency. The performance of the parti-
cipants was measured in terms of duration and accuracy and compared to 
expert registration and delineation. RESULTS: Both registration and delin-
eation were significantly faster with AR (p=0.02 and p<0.001, respectively, 
and p<0.001 for the total duration), taking 79.23±17.48 and 39.58±39.10 
seconds while neuronavigation required 96.61±24.54 and 90.80±44.09 
seconds. AR had a registration offset of 3.3mm and 3.4°, and was more 
consistent compared to neuronavigation. AR facilitated more accurate and 
detailed lesion delineation, while neuronavigation often overestimated le-
sion size. CONCLUSION: Augmented reality provides a faster and more 
accurate alternative for resection planning. Lesion delineation is more in-
tuitive while remaining high in accuracy. Future research should focus on 
further intraoperative implementations.

P07.03.A. ADVANCES IN ROBOTIC NAVIGATED LASER 
CRANIOTOMY. AN IN-VIVO NON-RECOVERY ANIMAL STUDY
F. Winter1, D. Beer2, M. Morawska2, C. Dorfer1, K. Roessler1; 1Medical 
University of Vienna, Vienna, Austria, 2Advanced Osteotomy Tools, Basel, 
Switzerland.

BACKGROUND: 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 preci-
sion bone channels as well as improved cut-through detection using optical 
coherence tomography (OCT) and a new generation of co-axial live video 
feed. MATERIAL AND METHODS: Preoperative CT scans were performed 
to plan trajectories for bone channels angulated 45, 60, and 90° relative to 
the surface. The animals were prepared under general anesthesia by a trained 
veterinarian conforming European requirements and Good Laboratory Prac-
tice regulations. A new cutting strategy was implemented consisting of two 
circular paths and three different ablation phases. After cut-through detection 
bolts and depth electrodes were inserted. Before termination ad-hoc planned 
laser craniotomies were performed to evaluate possible cortex damage. RE-
SULTS: 70 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. An-
gulation and hole diameter showed no significant difference between cylin-
drical and anti-conical cutting strategies. The updated co-axial camera live 
video feed in addition to OCT reliably detected cut-through in 80% of cases. 
Insertion of bolts with firm fit was achieved in 94% of 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 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. Robotic guided laser beam techniques 
proved its feasibility for the placement of depth electrodes and might be a 
suitable option to optimize the burr hole for biopsies.

P07.04.B. HEME BIOSYNTHESIS FACTORS AND 5-ALA INDUCED 
FLUORESCENCE: ANALYSIS OF MRNA AND PROTEIN EXPRESSION 
IN FLUORESCING AND NON-FLUORESCING GLIOMAS
M. Mischkulnig1, T. Roetzer-Pejrimovsky1, D.  Lötsch-Gojo1, 
N. Kastner1, K. Bruckner1, R. Prihoda2, A. Lang1, M. Martinez-Moreno3, 
J. Furtner1, A. Berghoff1, A. Woehrer1, W. Berger1, G. Widhalm1, B. Kiesel1; 
1Medical University of Vienna, Vienna, Austria, 2University Hospital of St. 
Poelten, St. Poelten, Austria, 3Vivantes Hospital Neukölln, Berlin, Germany.

BACKGROUND: The intraoperative visualization of adult-type diffuse 
gliomas with 5-aminolevulinic acid (5-ALA) induced fluorescence is widely 
used in the neurosurgical field. While visible 5-ALA induced fluorescence is 
found in the majority of high-grade gliomas, most low-grade gliomas lack 
visible fluorescence during surgery. Recently, the heme biosynthesis pathway 
was identified as crucial influencing factor for presence of visible fluorescence 
since it metabolizes 5-ALA to fluorescing Protoporphyrin IX (PpIX). How-
ever, the exact alterations within the heme biosynthesis pathway resulting in 
visible 5-ALA induced fluorescence in gliomas are still unclear. The aim of 
the present study was thus to compare the mRNA and protein expression 
of promising intramitochondrial heme biosynthesis enzymes/transporters in 
glioma tissue samples of different fluorescence behavior. MATERIAL AND 
METHODS: A total of 19 strongly fluorescing and 21 non-fluorescing 
tissue samples from neurosurgical adult-type diffuse gliomas (WHO grades 
II-IV) were included in the current analysis. In these samples, we investigated 
the mRNA expression by quantitative real time PCR and protein expres-
sion using immunohistochemistry of the intramitochondrial heme biosyn-

thesis enzymes Coproporphyrinogen Oxidase (CPOX), Protoporphyrinogen 
Oxidase (PPOX), Ferrochelatase (FECH) and the transporter ATP-binding 
Cassette Subfamily B Member 2 (ABCG2). RESULTS: Regarding mRNA 
expression analysis, we found a significantly decreased ABCG2 expression 
in fluorescing specimens compared to non-fluorescing samples (p=0.001), 
whereas no difference in CPOX, PPOX and FECH was present. With respect 
to protein expression, significantly higher levels of CPOX (p=0.005), PPOX 
(p<0.01) and FECH (p=0.003) were detected in fluorescing samples. Similar 
to mRNA expression analysis, the protein expression of ABCG2 (p=0.001) 
was significantly lower in fluorescing samples. CONCLUSION: Distinct al-
terations of the analyzed heme biosynthesis factors were found primarily 
on protein level. Our data indicate that heme biosynthesis pathway ac-
tivity in general is enhanced in fluorescing gliomas with upregulation of 
PpIX generating enzymes and decreased ABCG2 mediated PpIX efflux 
outweighing the also increased further metabolization of PpIX to heme. 
Intramitochondrial heme biosynthesis factors thus constitute promising 
pharmacological targets to optimize intraoperative 5-ALA fluorescence 
visualization of usually non-fluorescing tumors such as low-grade gliomas.

P07.05.A. IMPLANTABLE ELECTROPHORETIC DEVICES FOR 
LOCAL TREATMENT OF INOPERABLE BRAIN TUMOURS
M. H. Ahmed, T. Naegele,  S. Hilton,  G. Malliaras; University of 
Cambridge, Cambridge, United Kingdom.

Glioblastoma (GBM) is the most malignant primary brain tumour in 
adults, with a median overall survival of fewer than 18 months after initial 
diagnosis. For over five decades, research has been focused on developing 
new anticancer therapies for GBM, including anti-neoplastic agents, mo-
lecular targeted drugs, immunotherapeutic approaches, and angiogenesis 
inhibiting compounds; however, the prognosis of patients has hardly im-
proved and temozolomide remains the only chemotherapy shown to im-
prove patient survival in randomized clinical trials. A fundamental limitation 
of the success of chemotherapy in brain cancer therapies is the blood-brain 
barrier which significantly reduces the concentration of chemotherapeutic 
agents delivered into a tumour.

MATERIAL AND METHODS: Therapeutic strategies that control drug 
release spatially and temporally represent a significant step forward in terms 
of reducing side effects and improving treatment efficacy and will thus have 
a significant clinical impact. Electrophoretic drug delivery devices, which use 
electric fields to enhance drug transport, represent one such strategy.

Results
Here, we present an implantable device that enables highly spatially se-

lective delivery of charged drug molecules directly into brain tumours. Our 
device combines a microfluidic system for drug transport with embedded 
electrodes which enable electrophoretic transport of drug molecules into the 
target tissue. This allows delivery of chemotherapeutic agents without trans-
port of bulk solvent preventing issues arising from intracranial pressure gra-
dients. We have shown that the device can be implanted safely without any 
limitation. We have tested the device's capabilities to deliver a wide range of 
small, medium, and large chemotherapeutic agents without limitations. Cur-
rently, we are investigating the delivery of cisplatin in GBM-bearing mice.

Conclusion While electrophoretic drug delivery was first described in the 
early 20th century and has been used since primarily for transdermal drug 
delivery, we believe that our approach is one of the first times this has been 
demonstrated for brain cancer therapy.

P07.06.B. THE IMPACT OF USING INTRAOPERATIVE 
ULTRASOUND ON SURGICAL RESECTION OF HIGH-GRADE 
GLIOMA: A SYSTEMATIC REVIEW AND META-ANALYSIS.
G. Solomou1, A. Christou2, C. S. Gillespie3, O. Khouli4, P. Plaha5; 
1University of Cambridge, Cambridge, United Kingdom, 2Kings Mill 
Hospital, Sherwood Forest Hospital, NHS Trust, Nottingham, United 
Kingdom, 3Institute of Systems, Molecular and Integrative Biology, 
University of Liverpool, Liverpool, United Kingdom, 4NHS Greater 
Glasgow and Clyde, Glasgow, United Kingdom, 5Department of 
Neurosurgery, John Radcliffe Hospital, Oxford University Hospitals NHS 
Foundation Trust, Oxford, United Kingdom.

BACKGROUND: Despite operative and adjuvant therapies, high-grade 
glioma (HGG) remains incurable, with the extent of surgical resection being 
one of the modalities that can improve patient survival. Enabling maximal 
safe and minimising post-operative neurological morbidity is a key aim of 
surgical resection. Numerous intraoperative surgical adjuncts are used at 
surgery and intraoperative ultrasound (IoUS), is one such adjunct. IoUS is 
a cost-effective, easy to use, repeatable surgical adjunct, safe for the patient 
and potentially available in all centres. Although it’s commonly used, no 
up to date systematic review exists collating and quantifying the level of 
evidence, delineating its impact on the extent of surgical resection. MA-
TERIAL AND METHODS: A systematic review was conducted according 
to the Preferred Reporting Items for Systematic reviews and Meta-Analyses 
(PRISMA) guidelines. The study was registered with the PROSPERO data-
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base (CRD42022300034). Keywords across Medline/PubMed and Embase 
between 1996 and November 2021 were used. We included articles with 
adult supratentorial, histopathologically confirmed HGG patients aimed 
for resection, evaluating the correlation of IoUS use and gross-total re-
section (GTR). Meta-analyses were conducted according to the statistical 
heterogeneity between the studies using the Open Meta Analyst software. 
RESULTS: 2942 articles were identified of which 16 were qualitative as-
sessed and 10 used for quantitative meta-analysis. In qualitative assessment, 
a mean 4.63/8 Newcastle-Ottawa-Scale score was found for studies with 
no cohorts (no use of IoUS) and a mean score of 6/9, for studies including 
exposed versus non-exposed cohorts. The RCT was of moderate quality ac-
cording to the Grading of Recommendations, Assessment, Development and 
Evaluations (GRADE) tool. A  pooled analysis across 10 studies of HGG 
aimed for resection with the use of IoUS, led to GTR achieved in 168/365 
cases, resulting in an overall GTR rate of 51.1% (95% CI, 33.9%-68.3%, 
p<0.001), with great heterogeneity across studies (93.02% p<0.001). In a 
subgroup meta-analysis of 3 studies of HGG aimed for complete resection 
only, GTR was achieved in 43/62 cases, yielding a 72.7% GTR rate (95% 
CI 41.6%-100%, p<0.001) with significant heterogeneity across studies (I2 
92.1%, p<0.001). In 4 case-controlled studies, a total of 43.6% (48/110) 
GTR rate was achieved when IoUS was used versus 24.7% (65/263) when 
IoUS was not used, resulting in an odds ratio = 2.009 (95% CI 1.157-3.490, 
p <0.001) for achieving GTR. CONCLUSION: The meta-analysis showed a 
high GTR rate (72.7%) when HGG were aimed for complete resection and 
a two-fold probability of achieving GTR when IoUS is used than not used.

P07.07.A. FLUORESCENCE LIFETIME IMAGING FOR IMPROVED 
VISUALIZATION OF 5-ALA FLUORESCENCE DURING BIOPSIES OF 
SUSPECTED BRAIN TUMORS
M. Millesi; Medical University of Vienna, Vienna, Austria.

BACKGROUND: Stereotactic brain tumor biopsies represent a standard 
neurosurgical technique enabling a precise histopathological tumor diagnosis 
which is of utmost importance for optimal further treatment allocation. How-
ever, non-diagnostic biopsies are not uncommon in routine clinical practice. 
To overcome this shortcoming, serial biopsies or intraoperative histopath-
ology are typically performed prolonging the operating times and potentially 
increasing the risk of complications. Recently, the value of 5-aminolevulinic 
acid (5-ALA) induced protoporphyrin IX (PpIX) fluorescence for visualization 
of diagnostic tumor tissue was demonstrated in navigation-guided brain tumor 
biopsies. However, a not negligible proportion of brain tumors lack visible 
fluorescence. In some of these tumors, a subvisual concentration of PpIX could 
be detected by spectroscopic analysis. Thus, detection of such subvisual PpIX 
accumulation in tumor samples in biopsies by the new “Fluorescence Lifetime 
Imaging” (FLIM) technique might lead to further improvement of this ap-
proach. MATERIAL AND METHODS: Patients that underwent navigation-
guided biopsy of a suspected brain tumor were eligible for inclusion in this 
study. After administration of 5-ALA, the tissue samples were checked for vis-
ible fluorescence during the navigation-guided stereotactic biopsy with a sterile 
microscope. In each sample the observed fluorescence signal was documented. 
Additionally, the tissue samples were investigated ex-vivo by FLIM for detec-
tion of PpIX accumulation. In each case, a histopathological diagnosis was 
established according to the WHO classification of CNS tumors. RESULTS: A 
total number of 20 tissue samples could be retrieved in 16 patients with sus-
pected brain tumors. The biopsy with assistance of 5-ALA was feasible in all 
patients and no relevant side effects occurred. Visible PpIX fluorescence could 
be observed in 75% of cases. In contrast, 25% of samples did not show visible 
fluorescence. In one specimen, no fluorescence signal could be evaluated as the 
sample was covered by too much blood. However, significant accumulation 
of PpIX could be detected by FLIM in all samples in which evaluation was 
possible (n=19). A final histopathological diagnosis was feasible in all patients. 
CONCLUSION: Fluorescence Lifetime Imaging is a promising new technique 
for improved detection of brain tumor tissue during navigation-guided biop-
sies. Thus, this new technique might lead in future to reduced operating times 
and complication rate by minimizing the cases that need serial biopsies or 
intraoperative histopathology.

P07.08.B. SURGICAL MANAGEMENT OF RECURRENT LOWER-
GRADE GLIOMAS: ANALYSIS OF ONCOLOGICAL AND 
FUNCTIONAL OUTCOMES AND ASSOCIATED FACTORS.
L. Gay1, M. Rossi1, T. Sciortino1, M. Conti Nibali1, M. Simonelli2, 
P. Navarria2, R.  Rudà3, R. Soffietti4, L. Bello1; 1Neurosurgical Oncological 
Unit, Dept of Oncology and Hemato-oncology, Università degli Studi di 
Milano, Milano, Italy, 2Humanitas Cancer Center, Humanitas Research 
Hospital, IRCCS, Milano, Italy, 3Department of Neurology, Castelfranco 
Veneto Hospital, Castelfranco Veneto, Italy, 4Neuro-Oncologia, Città della 
Salute e della Scienza, Università di Torino, Torino, Italy.

BACKGROUND: Presently, there are no clear evidence-based recom-
mendations for the surgical management of progressive or recurrent 

lower-grade gliomas (LGGs). In our work, we evaluated the oncological 
(PFS, OS) and functional (neurological, neuropsychological, quality of 
life evaluation) outcomes of a series of LGGs treated in a 5-year period. 
The aim was to identify clinical, imaging, and molecular factors, associ-
ated with better outcomes, to be implemented in the treatment decision 
making process. MATERIAL AND METHODS: In our retrospective 
analysis, 738 recurrent LGGs were included (follow-up 7.9 years; IQR:6-
9); 550 were surgically treated, 495 with open resection (with brain map-
ping techniques), and 55 with tumor biopsy (with frameless stereotactic 
technique). RESULTS: Overall, 521 patients (70.6%) recurred. Of those 
treated with open resection 63.5% relapsed. Tumor progression was 
histologically confirmed in 72.5% of cases, no valuable tumor (effect of 
treatment) in 27.5% of cases (particularly in cases previously treated with 
RT and CHT), histo-molecular conversion (astrocytoma instead of oligo-
dendroglioma diagnosis) in 7.5% of cases, malignant transformation in 
38.7% of cases. Among the clinical (patient functional status, previous 
PFS, previous EOR, previous CHT and duration of CHT, previous RT), 
imaging (type of recurrence, i.e. typical versus atypical, speed of growth, 
contrast enhancement), and molecular (IDH, codeletion, ATRX, MGMT, 
tumor grade, CDNK status) factors analyzed, longest PFS of recurrent 
tumors was associated with patient functional status, previous PFS, pre-
vious EOR, speed of growth (>6 mm/year), atypical type of recurrence, 
tumor grade, presence of codeletion, and CDNK status. Best functional 
outcome associated with surgical resection, EOR, and tumor grade; worst 
functional outcome with RT and malignant transformation. Longest OS 
associated with previous EOR, surgical resection, tumor grade, pres-
ence of co-deletion. Malignant transformation was associated to pre-
vious EOR. Among patients submitted solely to tumor biopsy, changes 
in MGMT methylation status and in IDH status were observed in 65.3% 
and 5% of cases, respectively. Modification in IDH status was associated 
with atypical (distant) type of recurrence. New histo-molecular profile 
helped in the treatment decision making process. CONCLUSION: Sur-
gical resection of recurrent LGGs is associated with longer PFS and OS. 
Tumor biopsy should be considered, when surgery considered unfeasible, 
to tailor adjuvant treatment.

P07.09.A. INTRA OPERATIVE MAPPING AND MONITORING OF 
THE CORTICO-SPINAL TRACTS WITH NEUROPHYSIOLOGICAL 
ASSESSMENT IN INTRA AXIAL BRAIN TUMOR RESECTION
l. oxman, s. emanuel,  o. zarchi; Rabin Medical Center, Petah tikva, Israel.

BACKGROUND: Preserving motor function is a major challenge in 
surgery for intra axial brain tumors. In the past two decades, rapid de-
velopments in neuroscience, have fueled the growth of intraoperative 
neurophysiologic monitoring and mapping. Neurophysiological motor 
mapping allows identification with subsequent preservation of function-
ally viable nervous tissue. Currently, continuous mapping is typically 
achieved by electrostimulating via connection to a surgical tool, )e.g., 
suction(, establishing a stimulation threshold for inducing a motor re-
sponse, and stopping the resection when reaching motor responses at 
low electrostimulation levels of 2-10 mA. While most authors report the 
use of monopolar electrostimulation, which tends toward high sensi-
tivity - low specificity, others report the use of bipolar electrostimulation, 
which tends toward high specificity - low sensitivity results. Here we re-
port an investigation of the differences between monopolar and bipolar 
electrostimulation for motor mapping, comparing the sensitivity and 
specificity of the two methods. MATERIAL AND METHODS: Gross 
motor function was evaluated preoperative and 1d postoperative. 
During the resection, a minimal monopolar electrostimulation threshold 
was determined, bordering motor tracts. Next, a bipolar probe was 
used to assess the bipolar electrostimulation threshold at the same loca-
tion, and a neuro-navigation system was used to mark these locations. 
The respondent myotomes at each location was documented, as well as 
the neuromonitoring MEP responses. Postoperatively, the distance be-
tween the stimulated marked location, resection borders, and the motor 
brain structures were assessed. Analysis probed the differences between 
monopolar and bipolar thresholds in mapping cortical and subcortical 
motor system and their association with motor neuromonitoring and 
postoperative motor function. RESULTS: A prospective intraoperative 
analysis was conducted on two patients undergoing resection of intra 
axial tumors at the authors' institution in January 2021. The resection 
was performed by all clinical standard procedures. Following the re-
section, additional stimuli were applied by the bipolar probe, to assess 
the accuracy of the threshold that was needed to evoke a clinical motor 
response. We found that the bipolar threshold was higher than the con-
ventional threshold used by the monopolar probe in the borders of the 
resection. CONCLUSION: Our findings suggest the bipolar stimuli can 
give more accuracy in determining the motor function of certain ana-
tomical structures which can lead to better results in the maximal safe 
resections goal and allow neurosurgeons another intra operative tool to 
achieve the best outcomes for their patients.
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