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ABSTRACT

Background: In recent years, the efficacy of 5-aminolevulinic acid photodynamic diagnosis (5-ALA PDD) has
been reported for various types of brain tumors, including malignant glioma. In addition, many reports have
been published on the usefulness of neuroendoscopic surgery for intraventricular lesions. However, no systematic
report is available on the combined use of 5-ALA PDD and neuroendoscopy for various intraventricular tumors.

Methods: We report 17 consecutive patients with intraventricular tumors. All patients received oral 5-ALA
preoperatively and underwent endoscopic surgical treatment (resection or biopsy). We use a rigid endoscope with
a built-in PDD system for intraoperative observation.

Results: Seven resections and 10 biopsies were performed. Histopathological diagnosis was confirmed in
all 17 cases. Gross total resection was achieved in six of seven cases. The fluorescence positivity rates for each
tumor were glioblastoma 100% (2/2), low-grade glioma 67% (2/3), subependymoma 0% (0/1), medulloblastoma
100% (1/1), pineoblastoma 0% (0/1), germ cell tumor 75% (3/4), diffuse large B-cell lymphoma 33% (1/3), and
metastatic tumor 100% (2/2).

Conclusion: Our method has the potential to improve detection of residual tumors in blind spots and deep areas,
as well as the accuracy and safety of biopsy procedures for intraventricular lesions that are difficult to view and
treat under a microscope.
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INTRODUCTION

The efficacy of surgical treatment of malignant glioma following visualization with
5-aminolevulinic acid (5-ALA) has become widely known following the report by Stummer
et al.®* In recent years, the efficacy of 5-ALA photodynamic diagnosis (PDD) for various brain
tumors as well as malignant glioma has been reported.*811141826301 Oq the other hand, many
reports have described the efficacy of neuroendoscopic surgery for intraventricular lesions.>”*

Neuroendoscopic surgery can be used for removal and biopsy of deep-seated lesions as well as
for performing endoscopic third ventriculostomy (ETV) simultaneously in cases of complicated
hydrocephalus. Combined treatment with 5-ALA PDD and neuroendoscopy was first reported
by Tamura et al. in 2007 for intraventricular glioma.”?” Since then, a number of reports have been
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published on its usefulness.*22!%! However, no systematic
report is available that describes this combined therapy for
intraventricular tumors. In this study, we prospectively
examined the usefulness of neuroendoscopic 5-ALA PDD for
brain tumors located intraventricularly or paraventricularly.

MATERIALS AND METHODS

We included 17 consecutive patients with suspected
malignant brain tumors located in the ventricles who
underwent resection or biopsy at the Department of
Neurosurgery, Kansai Medical University, between
October 2014 and November 2021. All patients underwent
neuroendoscopic surgery associated with 5-ALA PDD.

Surgical procedure

The patients were orally administered 20 mg/kg 5-ALA
3 h before induction of anesthesia. We used a special rigid
endoscope (PDD endoscope system with D Light C system,
KARL STORZ GmbH and Co., Tuttlingen, Germany)
for intraoperative observation of 5-ALA fluorescence.
The D Light C system has a 300 W Xe short-arc lamp and
uses white light or blue light (380-420 nm) as excitation
light. In addition, a dichroic long-pass filter is attached to
the endoscope eyepiece for fluorescence observation. All
fluorescence assessments were for in situ lesions in this
study. The focus of the endoscope was set at a distance of
1 cm from the tip in the sheath before observing the lesion,
which enabled the evaluation of fluorescence at the same
distance from the lesion for all observations. The endoscope
was used only at a tip angle of 0 degrees and the fluorescence
was evaluated at the same angle by placing the lesion in
the center of the field of view. For biopsies, the target and
trajectory were determined with a neuronavigation system
(Stealth Station or Stealth S7, Medtronic Navigation, Denver,
CO.). A burr hole or small craniotomy was performed and
a cortical incision of approximately 1 cm was performed.
A transparent sheath (Neuroport Mini, Hakko Co., Japan)
with a diameter of 6.8 mm was inserted into the target or
ventricle and the neuroendoscope was inserted into the
sheath to observe the fluorescence of the intraventricular
lesion or the intraparenchymal lesion at the tip of the sheath.
For resections, the navigation system was used and a small
craniotomy was performed as the basic method, but in cases
in which endoscopy was performed alone, the ViewSite
Brain Access System (Vycor Medical, Inc., Boca Raton, FL,
USA) was used, and forceps and suction tubes were used to
remove the tumor in a piecemeal fashion. A brain retractor
was used in cases in which the resection was performed
using a combination of endoscopy and microscopy (OPMI
Pentero, Carl Zeiss Surgical GmbH and Co., Oberkochen,
Germany).
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Postoperative evaluation

All patients underwent a computed tomography scan
within 24 h postoperatively to assess the possibility of
postoperative bleeding. For resections, magnetic resonance
imaging (MRI) examinations were performed within 72 h
postoperatively, and T1-weighted images (noncontrast and
contrast) were used to evaluate the removal rate, which
was classified as gross total resection (GTR) and partial
resection. Histopathological diagnosis was performed
for each patient and postoperative complications were
evaluated.

Ethics committee approval and statement regarding
patient consent

The protocol for this study was approved by the Ethics
Committee of Kansai Medical University (No. 2018037). The
requirement for written patient consent was waived because
data were deidentified.

Statistical analysis

All statistical analyses were performed using JMP
version 14.2 (SAS Institute, Cary, NC, USA). Fisher’s exact
test was performed to compare the fluorescence evaluation
between the following two groups: presence or absence of
MRI contrast effect, intraventricular lesion or paraventricular
lesion, and certain entity of tumor or not. A significant
difference was considered to be P < 0.05.

RESULTS

The histopathological diagnosis was obtained in all
17 patients. Tumors were diagnosed as glioblastoma (GBM)
in two cases, low-grade gliomas (LGGs) in three cases,
subependymoma in one case, medulloblastoma in one case,
pineoblastoma in one case, germ cell tumor in four cases,
diffuse large B-cell lymphoma (DLBCL) in three cases, and
metastatic tumor in two cases. Ten patients underwent
biopsy and seven patients underwent resection. Of the seven
resections, four cases were performed with endoscopy alone
and GTR was achieved in 86% (6/7) of the cases. ETV was
performed simultaneously with surgery in six cases (three
biopsies and three resections). The clinical and histological
characteristics of the patients, the details of the surgical
procedures, and the fluorescent diagnoses are summarized in
Table 1. No cases of postoperative worsening of neurological
symptoms occurred, but postoperative hemorrhage was
observed in patient No. 11 (metastatic brain tumor), which
was consistent with the excision cavity. Patient No. 10
(pilocytic astrocytoma) showed postoperative leakage of
cerebrospinal fluid. No adverse events related to 5-ALA
administration occurred.
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Table 1: Patient characteristics.

Case  Age  Sex Location Intraventricular/ Procedure Histological Fluorescence ETV MRI
(years) paraventricular diagnosis enhancement

1 4 Female 3"ventricle Intra Biopsy Pilomyxoid + + +
Astrocytoma

2% 22 Male  Pineal Intra Biopsy Germinoma + + +

3* 16 Male  Pineal Intra Biopsy Germinoma + + +

4 42 Female Caudate head Para Biopsy DLBCL + - +

5 76 Female Monro Intra GTR Subependymoma - + -

6 7 Female 3"ventricle Intra PR GBM + + +

7** 8 Male  Aqueduct Para GTR Medulloblastoma - + +

8 74 Female Monro Intra GTR Metastatic tumor ~ + - None

9 20 Male  3ventricle Intra Biopsy Germinoma - - +

10 13 Male  3"ventricle  Intra GTR Pilocytic + - +
Astrocytoma

11 73 Male  3"ventricle Intra GTR Metastatic tumor  + - +

12 81 Male  Lateral vent  Para Biopsy DLBCL - - +

13 60 Female Lateral vent  Para Biopsy DLBCL - - +

14 10 Female 3"ventricle Intra Biopsy Germinoma + - +

15 0.5 Male  Pineal Intra GTR Pineoblastoma — — +

16 73 Male  Caudate head Para Biopsy GBM + - +

17 15 Male  Caudate head Para Biopsy Diffuse - - -
Astrocytoma

ETV: Endoscopic third ventriculostomy, GTR: Gross total resection, PR: Partial resection, DLBCL: Diffuse large B-cell lymphoma, GBM: Glioblastoma.
*J Neurooncol. 2017 Aug; 134 (1):119-124. ] Takeda et al. 5-ALA fluorescence-guided endoscopic surgery for mixed germ cell tumors. **Childs Nerv Syst.
2021 Mar; 37 (3):977-982. Y Li et al. A case of medulloblastoma in a patient with fetal ventricular enlargement

Fluorescence properties of tumors

The fluorescence positivity rates by tumor were GBM
100% (2/2), LGGs 67% (2/3), subependymoma 0% (0/1),
medulloblastoma 100% (1/1), pineoblastoma 0% (0/1), germ
cell tumor 75% (3/4), DLBCL 33% (1/3), and metastatic
tumor 100% (2/2).

Relationship between 5-ALA fluorescence positivity and
tumor characteristics

We performed statistical analysis of the relationship
between 5-ALA positivity and MRI contrast enhancement
(one patient was not given contrast medium due to renal
dysfunction), intraventricular or paraventricular localization,
and the histology of each tumor. No statistically significant
correlations were found for any items, but relationships
between 5-ALA positivity and MRI contrast enhancement
(71%; 10/14), intraventricular localization (82%; 9/11), and
histology of germ cell tumor (75%; 3/4) may exist [Table 2].

Representative cases

Case No. 4: A biopsy was performed for a contrast-enhancing
lesion located in the left caudate nucleus. We planned a
contralateral transventricular approach. The lesion was
approached from the right anterior horn and reached the
contralateral anterior horn after performing a septostomy.

Table 2: Relationship between 5-ALA fluorescence positivity and
tumor characteristics.

5-ALA P value
Positive Negative

MRI contrast
Positive 10 4 0.125
Negative 0 2

Location
Intraventricular 9 2 0.109
Paraventricular 2 4

Tumor type
GBM 2 0 0.515
Pilocytic astrocytoma 2 0 0.515
Germ cell tumor 3 1 0.237
DLBCL 1 2 0.515
Metastatic tumor 2 0 0.515

5-ALA: 5-aminolevulinic acid, MRI: Magnetic resonance imaging,
GBM: Glioblastoma, DLBCL: Diffuse large B-cell lymphoma

5-ALA PDD showed diffuse fluorescence at the wall of the
ventricle presumably overlying the tumor, and we performed
a biopsy of the same lesion and diagnosed it as DLBCL
[Figure 1].

Case No. 10: A patient who had undergone a transventricular
biopsy 10 years earlier at another hospital underwent
resection of a pilocytic astrocytoma located in the third
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ventricle. A right anterior horn approach was performed
through a small craniotomy and a 1.5 cm cortical incision.
Because we were able to use the previous surgical corridor, we
reached the right lateral ventricle directly with the endoscope
without a sheath. PDD performed in the ventricles showed
strong fluorescence in lesions consistent with tumors.
Removal was performed in a piecemeal fashion using forceps
and sometimes suction tubes, and hemostasis was confirmed
under direct observation. The postoperative course was
uneventful and GTR was confirmed by postoperative
contrast-enhanced MRI [Figure 2].

DISCUSSION

Evaluation of 5-ALA fluorescence in intraventricular
lesions

Intraventricular areas are rather difficult to reach during
microscopic surgery and the possibility of endoscopic surgery
has been discussed.*”? ETV can be performed simultaneously
with tumor removal and biopsy, and its usefulness has already
been established. Difficulty in identifying the tumor has
been reported, making surgery difficult."®>*! Fluorescence-
guided endoscopic surgery for tumor identification has been

-

Figure 1: The patient in Case 4 underwent tumor biopsy for a basal ganglia DLBCL through the
contralateral anterior horn. Diffuse fluorescence was observed in the lateral ventricle under blue light.
Red dots indicate the site of observation. Arrowheads indicate the site of positive fluorescence.

Figure 2: The patient in Case 10 underwent tumor resection for a third ventricle pilocytic astrocytoma
through the right anterior horn. (a and b) MRI shows the presurgical view and postsurgical state
of gross total removal. (c and d) Observation in the third ventricle by white light and blue light.
Strong fluorescence was observed at the site of the tumor lesion. (e) Removal in a piecemeal manner
was performed with forceps. (f) Gross total removal was achieved. Red dots indicate the site of
observation. Arrowheads indicate the site of positive fluorescence.
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reported using indocyanine green and fluorescein sodium
in addition to 5-ALA. Indocyanine green and fluorescein
sodium are particularly useful from an economic viewpoint
and in periventricular structures because of their ability to
enable visualization of not only tumors but also the vascular
architecture.’”! However, these fluorescent molecules also
show disruption of the blood-brain barrier in a way that
is fundamentally different from 5-ALA, which shows the
fluorescence of protoporphyrin IX, a metabolic product
of 5-ALA by tumor cells. 5-ALA may be more useful for
discriminating false positives with regard to inflammatory
and edematous lesions, tumor margins, and disseminated
disease.

Indications for 5-ALA

Recently, fluorescence positivity of 5-ALA has been reported
in various types of tumors as well as malignant gliomas.
Although oft-label use of 5-ALA is expanding, its routine use
is being questioned because it may not be useful in all tumors.
Stummer et al. reported that it is useful for supratentorial
and contrast-enhanced lesions in pediatric brain tumors.’?*
Other conditions that may benefit from the use of 5-ALA,
such as other tumor types and tumors with surrounding
invasion, have also been reported.*?! Results from this study
suggested that contrast-enhanced lesions, intraventricular
lesions, and germ cell tumors may be conditions that benefit
from the use of 5-ALA. Further prospective studies may help
to determine the precise indications.

Advantages of our procedure

Since Tamura et al. reported the first 5-ALA PDD-guided
endoscopic surgery for intraventricular glioma biopsy in
2007 as a technical note,* scattered case reports have
been published on this technique. Rapp et al. reported nine
cases®® and Choo et al. reported 20 cases,! but these were
reports of intraparenchymal tumors. Takeda et al. reported
only two cases limited to intraventricular tumors.?) We
analyzed 17 cases of various types of tumors in the ventricles
and this is the first systematic report to our knowledge. In the
biopsy procedure, we were able to obtain a sufficient amount
of specimen for histological diagnosis without complications.
The advantages of biopsy with 5-ALA PDD are that the core
of the lesion can be visualized accurately and the number of
samplings can be reduced, thus reducing the risk of damaging
critical structures. In particular, in this study, intraventricular
localization tended to be positively correlated with 5-ALA
fluorescence positivity. Although reports have suggested that
no clear difference exists in the accuracy and safety between
simple endoscopic and stereotactic biopsy for intraventricular
lesions,™ the use of fluorescent diagnosis may increase the
accuracy and safety of endoscopic biopsy. In addition, even
when microscopy is used mainly during tumor removal,

the combined use of neuroendoscopic 5-ALA PDD may
allow observation of blind spots in deep lesions and residual
tumors in areas with insufficient fluorescence excitation,
thereby maximizing tumor removal.

Limitations and future

In some cases in our study, the ventricular wall was
fluorescence positive despite the absence of an obvious tumor.
We did not perform histopathological examination of those
fluorescence-positive areas. Reporting on GBM, Hayashi
et al. described the disruption of ependymal cells and the
presence of tumor cells in fluorescence-positive areas of the
ventricular wall."®) On the other hand, Moon et al. reported
the presence of tumor cells in the fluorescence-positive
ventricular wall in 5/11 cases.!" This issue cannot be avoided
when performing 5-ALA PDD-guided endoscopic surgery
for intraventricular tumors and pathological studies will have
to be conducted in the future. In addition, the fluorescence
intensity was not quantitatively evaluated in this study and
quantitative evaluation such as spectroscopy is necessary in
the future.

CONCLUSION

We report the results of 5-ALA PDD combined with
neuroendoscopic surgery for various types of intraventricular
tumors. We suggest that our procedure for intraventricular
lesions may improve the detection of blind spots and deep-
seated residual tumors, as well as the accuracy and safety of
biopsies.
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