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Abstract

Glioblastoma is one of the most malignant brain tumors with a mean survival
time in adults of 12-16 months after diagnosis. New evidence points toward
always achieving maximal safe surgical resection. Tumor located near to the
lateral ventricles can have increased risk of ventricular breach. Ventricular
irruption during surgery increase the possibility of acquiring hydrocephalus.
We prospectively reviewed 168 patients with newly diagnosed and previously
untreated GBM diagnosed between 2005 and 2013 at a single center. Ventricular
irruption was register if stated in the surgical technique note or when evident
in the postoperative scan. A total of 48 patients were recruited, 5-ALA guided
surgery was employed in 30 cases of total resection, 17 for subtotal resection
and 1 biopsy. There was not increased risk of ventricular irruption during 5-ALA
surgery. Data presented in this study suggest that 5-ALA guided surgery does
not increases the risk of ventricular irruption and neither the development of

late-onset communicating hydrocephalus.
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Introduction

Glioblastoma is one of the most malignant brain tumors with a
mean survival time in adults of 12-16 months after diagnosis. New
evidence points toward always achieving maximal surgical resection.
Surgery provides some survival benefit (>78% resection), rapid
reduction of tumor bulk mass effect with concomitant symptoms
palliation and provides tissue for histopathological diagnosis
[1-3]. Despite major advances in microsurgical techniques and
technological nuances, the median survival still less than 15 months
[4,5]. Tumor located near to the lateral ventricles can have increased
risk of ventricular breach.

Ventricular irruption during surgery increase the possibility of
acquiring hydrocephalus, estimated to occur in 15% of surgical cases
with a 4% incidence [6-8]. A ventricular entry during resection may
be associated with CFS dissemination of the tumor cells, and CFS
dissemination leads to CFS malabsorption followed by postoperative
communicating hydrocephalus [9].

The 5-Aminolevulinic Acid (5-ALA) fluorescence guided
resection for high-grade glioma has become a useful took to achieve
maximal safe tumor removal decreasing the probability of local
recurrence [10]. The range of tumor resection can be enhanced under
fluorescence guidance with Protoporfirin IX (PpIX) synthesized by
5-ALA. With the intention of achieving a gross total resection for the
treatment of glioblastoma, the incidence of ventricular entry during
resection may increase, especially tumors located near the lateral
ventricles are more prone to by breached during tumor resection
[9]. The aim of this paper is to establish the relationship between
ventricular irruption and use of 5-ALA fluorescence guided surgery
in high-grade tumors.

Methods

We prospectively reviewed 168 patients with newly diagnosed
and previously untreated GBM diagnosed between 2005 and 2013 ata
single center in University of Tiibingen Hospital, Germany, who had
ventricular irruption during tumor resection using 5-ALA [11,12].
We included all adult patients had high-grade glioma cytoreductive
surgery using 5-ALA for fluorescence guided resection, the exclusion
criteria like surgery rejection, known 5-ALA allergy, coagulopathy,
absence of postoperative imaging (<72 hrs) and porphyria, but no
cases were register Perioperatively, all patients received 5-ALA 3
hours prior to surgery in a dose of 20 mg per kilogram body weight.
Intraopratively, fluorescence was visualized using an adapted
microscope (Pentero, Carl Zeiss Meditec, Oberkochen, Germany).
Biopsy samples were included. Radiotherapy and concurrent
Temozolamide (TMZ) were given according to standard guidelines
(75mg/m? per day) [4]. Ventricular irruption was register if stated
in the surgical technique note or when evident in the postoperative
scan Figure 1. Epidemiological data (age, gender), data regarding
tumor localization and further progression were collected if available.
We divided the 5-ALA patient according to the risk of ventricular
irruption in relationship to it’s location near the lateral ventricles.
Since this was a retrospective review using patients electronic chart,
no patient consent or ethical committee was obtained.

Clinical data

Clinical data was collected retrospectively from electronic chart
of patients treated by chemo radiotherapy within the study period
(n=168). Age, sex, Karnofsky Performance Score (KPS) at the time
of diagnosis and after surgery, tumor location, preoperative and
postoperative tumor volume (Brainlab Software. Brainlab AG,
Feldkirchen, Germany) and dates of death or last register visit
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Figure 1: Case illustration: a) Pre-operative contrast enhanced T1 MRI of a
43-old female with a right temporal GBM. The ipsilateral ventricle is deviated
to the contralateral side due to tumor volume and edema. B) Post-operative
CT with evident ventricular breach (red arrow).
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Figure 2: Intraoperative photograph using an adapter microscope (Pentero,
Carl Zeiss Meditec, Oberkochen, Germany) for 5-ALA (20mg/kg body-weight
3 hours prior to surgery) with solid fluorescence tumor near the right lateral
ventricle after ventricular breach and vague fluorescence in the nearby
ependyma.

were recorded. The extent of resection was determined based on a
postoperative MRI performed <72 hours after surgery. Gross total
resection was defined as no residual tumor enhancement on MRI,
while subtotal resection was defined as residual nodular enhancement
on MRI. The postoperative MRI scan was acquired in the first 72
hours following the surgery.

Statistical analysis

Categorical data are presented as frequencies and corresponding
percentages, while continuous data are presented as median and
range. To analyze tumor volume, we used the Kruskall Wallis test.
Time-to-event distributions were estimated using the Kaplan-Meier
method and compared with the log-rank test. The two groups were
stratified according to a higher risk of irruption versus low risk while
using fluorescence-guided surgery. A p<0.05 will be considered
statistically significant. Analysis was conducted using STATA 14.1

Results

We collected a total of 168 candidates harboring high-grade
glioma; we categorized them according to extent of resection into
total (n=91), subtotal (n=53) and biopsy (n=24). A total of 48 patients
were recruited, 5-ALA guided surgery was employed in 30 cases of
total resection, 17 for subtotal resection and 1 biopsy (p=0.001).
There was no significant difference in age with a mean range of 59

Table 1: Demographical characteristics.

Total Partial Bions
Characteristics Resection Resection n _ply p
n =30 n=17 -
Median Median Median
(min - max) (min - max) (min - max)
Age (years) 59 (32-71) 53 (32-73) 62 (-) 0.45
Age at diagnosis
(years) 57 (31-71) 52 (30— 71) 60 (-) 0.60
Preoperative
Karnofsky 90 (50 — 100) | 90 (60 — 100) 70 (-) 0.20
Postoperative
Karnofsky 90 (50 —100) = 80 (50 — 100) 80 (-) 0.78
Preoperative 26.39 (1.03- | 40.65(2.2— :
volume (cm?®) 87.8) 88.5) 82.7() 0.41
Postoperative
volume (cm?) 0.5(0-42.7) 3.6 (0-88.5) 4(-) 0.19
Frequency (%) Frequency (%) Frequency (%)
Male 19 (0.63) 11 (0.64) 0(-) 0.50
Female 11 (0.36) 6 (0.35) 1(1.0) 0.50
Death 20 (0.66) 13 (0.76) 1(1.0) 0.66
Intraoperative
tools
Neurological 1(0.03) 1 (0.05) 1(1.0) 0.063
monitoring
IRM 1(0.03) 1 (0.05) 0() 1.00
Navigation 11 (0.36) 4(0.23) 0(-) 0.668
USsG 8 (0.26) 4(0.23) 0() 1.00
No other 9(0.3) 7(0.41) 0() 0.68
Tumor Location
Frontal 6 (0.20) 8(0.47) 1 (1.0) 0.048*
Parietal 8 (0.26) 4(0.23) 0() 1.00
Temporo-insular 15 (0.50) 11 (0.64) 0() 0.36
Occipital 5(0.16) 1 (0.05) 0() 0.47
Diencephalic 1(0.03) 2(0.11) 0(-) 0.57
Cerebellar 1(0.03) 0() 0(-) 1.00
‘p=0.05

years old (32-73). Age at diagnosis was not statistically significant
with a mean age of 57 (30-71). Karnofsky Performance Status was not
different before and after the surgery in any group with preoperative
score of 90 (50-100) and postoperative score of 85 (50-100) (Table 1).

There were no differences among sex distribution between male
and female. Concomitant use of other intraoperative tools was no
significant (Table 2). Death risk was not higher within any group.
The most frequent tumor location for total resection was temporo-
insular and frontal lobe for partial resection (including biopsy)
(Table 3). Neurological deficit was the most common postoperative
complication, followed by anopsia. There was not increased risk of
ventricular irruption during 5-ALA surgery (P=0.52). Late-onset
hydrocephalus was not higher in 5-ALA guided surgery (P=0.20).
Survival did not differ within the two groups (Log-Rank=0.082). To
assess the risk of ventricular irruption we subdivided the population
into high-risk and low-risk according to the tumor localization near
the lateral ventricles (Table 2).

Discussion

Surgical resection of high-grade glioma has evolved in the last
decade in achieving maximal safe resection and most prospective
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Table 2: Postoperative Complications according to the risk of ventricular irruption.

High risk of Low risk of ventricular
Characteristics ventricular irruption irruption p
N =35 N=13
Frequency (%) Frequency (%)
Resection
Total 21 (0.6) 9 (0.69) 0.74
Partial 13 (0.37) 4 (0.30) 0.74
ventricular 12 (0.34) 8(0.61) 0.11
irruption
Late-onset "
hydrocephalus 1(0.02) 3(0.23) 0.055
Neurological
deficit 7 (0.20) 2(0.15) 1.00
Death 23 (0.65) 11 (0.84) 0.29
Statistical test = Fisher’s exact test
'p=0.05
- Kaplan-Meier survival estimates
S |
2] E:R\ﬁ
go LH
238
2 S
©
E 0
3§
3 W
o T T T T T
0 50 100 150 200
analysis time (months)
low risk / total low risk / partial
hight risk / total high risk / partial
Table 3: Survival analysis comparing the low/high risk of ventricular irruption.
Survival did not differ within the two groups.

data indicates a trend without level I evidence that points extent
in survival. Different technologies have aid to pursue that goal like
neurological monitoring, Neuronavigation systems, etc. Stummer
et al. has extensively work in developing and bang the usefulness of
5-ALA guided surgery [13-15]. To our knowledge, no other research
has been conducted to assess the additional risk of ventricular
irruption using 5-ALA guided surgery.

Ependymal cells in the lateral ventricles has been pointed to
possess a highly autofluorescence capacity, also reported by Hayashi
as fluorescence of the ventricular wall but no tumor cell invasion
macroscopically [9]. Autofluorescence, results as the emission spectra
of a fluorophores of porphyrin chemical structures, but it will be only
be visible exposing the ependymal cells through ventricular opening
[16]. In our population, ventricular irruption while using 5-ALA was
not an independent risk of late-onset hydrocephalus. In some cases,
surgeons attempt to “chase” fluorescence under the microscope
Figure 2.

Ventricular breach can occur most frequent in tumors located
near the lateral ventricles, the survival graph of our population
showed partial resection decreases survival and that can be explained
as consequence of tumor cytoreduction. In our population we did
not find a direct effect of 5-ALA surgery and increased ventricular
irruption (OR=1.26 (0.63-2.50) p=0.50) and neither in the
development of late-onset hydrocephalus (OR=0.92 (0.27-3.05)
p=0.89). A recent retrospective study by Behling et al. confirmed in

a 229-patient recruitment that ventricular opening is safe and should
be consider to achieve maximal tumor resection [17].

Conclusion

Data presented in this study suggest that 5-ALA guided surgery
does not increases the risk of ventricular irruption and neither the
development of late-onset communicating hydrocephalus. Surgeon
must always remember the anatomical landmarks when performing
tumor resection and avoid following the inertia of “chasing
fluorescence”. 5-ALA guided surgery can be useful in tracking
ependymal and subependymal spread.
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