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Abstract

Background Tumors within the pineal region represent 1.5 to 8.5% of the pediatric brain tumors and 1.2% of all brain tumors. A
management algorithm has been proposed in several publications. The algorithm includes endoscopic third ventriculostomy
(ETV) and biopsy in cases presenting with hydrocephalus. In this series, we are presenting the efficacy of a single-trajectory
approach for both ETV and biopsy.

Methods Eleven cases were admitted to Alexandria main university hospital from 2013 to 2016 presenting with pineal region
tumors and hydrocephalus. Mean age at diagnosis was 11 years (1-27 years). All cases had ETV and biopsy using rigid
ventriculoscope through a single trajectory from a burr hole planned on preoperative imaging. Follow-up period was 7—
48 months.

Results All 11 cases presented with hydrocephalus and increased intracranial pressure manifestations. Histopathological diag-
nosis was successful in 9 out of 11 cases (81.8%). Three cases were germ-cell tumors, two cases were pineoblastomas, two cases
were pilocytic astrocytomas, and two cases were grade 2 tectal gliomas. Five of the ETV cases (45.5%) failed and required VPS
later on. Other complications of ETV included one case of intraventricular hemorrhage and a case with tumor disseminated to the
basal cisterns.

Conclusion In our series, we were able to achieve ETV and biopsy through a single trajectory and a rigid endoscope with results
comparable to other studies in the literature.

Keywords Pineal tumors - Tectal gliomas - Endoscopic third ventriculostomy - Endoscopic biopsy

Introduction

Tumors within the pineal region represent 1.5 to 8.5% of the
pediatric brain tumors and 1.2% of all central nervous system
tumors [14, 42, 50, 53, 57]. Although many of the published
articles regarding tumors arising in this area have suggested
almost a unified management scheme, the optimal manage-
ment is still controversial especially as regards to certain his-
topathologies [6, 26, 33, 57]. In patients who present with
mass in the pineal region, the following should be taken into
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consideration: Is the tumor arising from the pineal gland or a
neighboring structure? Is it unifocal or is it involving other
areas such as the suprasellar region? Is it localized to the
quadrigeminal cistern or has it already disseminated? Does
the diagnosis need histological proof or CSF tumor markers
are enough especially in germ cell tumors? If biopsy is need-
ed, can it be achieved together with the endoscopic third
ventriculostomy (ETV), stereotactic biopsy, or through an
open surgical approach? [18, 57].

Biopsy can be acquired from a pineal region mass, either
during ETV or via stereotactic biopsy. Although the later may
provide more diagnostic tissue [6], in this study, we preferred
acquiring the biopsy through ETV for the following reasons: it
allows the treatment of hydrocephalus through opening the
floor of the third ventricle to the interpeduncular cistern, it
avoids injury of the deep venous system, it allows the explo-
ration of the ventricles and discovery of metastasis, and it
allows hemostasis. It also allows the evacuation of associated
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cysts that aid in the relief of hydrocephalus and allows CSF
sampling. Furthermore, it allows the visualization of different
parts of the tumors and the avoidance of biopsy acquisition
from vascularized areas [39]. On contrary, stereotactic biopsy
is associated with relatively higher risk of hemorrhage in pi-
neal region tumors [16].

The efficacy of ETV and biopsy has been reviewed several
times in the literature [4, 5, 55]. A complete success is recog-
nized when the ETV remains patent even after open surgical
approach and the harvested biopsy is diagnostic. The proce-
dure has been described to be done using both flexible and
rigid endoscope, through single trajectory and through two
burr holes. In this series, we are reporting our experience using
a rigid endoscope through a single trajectory and the outcome
in comparison with previous reports.

Methods
Patients

After approval of the local ethics committee of Alexandria
University and checking the presence of the appropriate for-
mal consents according to the committee’s standards, we have
reviewed the records of 13 consecutive cases that were admit-
ted to Alexandria main university hospital from 2013 to 2016
presenting with pineal region tumors and hydrocephalus
(Table 1). There were 10 males and 1 female. Mean age at
diagnosis was 11 years (1-17 years). Written informed con-
sent was obtained from the parents of cases 1, 2, and 3 for
publication of this case series and any accompanying images.

Preoperative data

The clinical presentation of all cases is summarized in Table 1.
All cases had magnetic resonance imaging (MRI) with con-
trast enhancement before the procedure.

The decision to proceed with ETV and biopsy was taken as
the initial step of the management algorithm protocol for such
cases in our university hospital (Fig. 1). Only one case had
emergency external ventricular drain placement before ETV.
Follow-up period was 7—48 months. One case has died
7 months after the procedure due disease progression.

Endoscopic technique

All cases that had ETV were done using Gaab
ventriculoscope system by Karl Storz®. The system includes
a biopsy forceps that was used for sampling tissue. Some
authors advised the acquisition of 8 to 12 samples [8]; in this
study, six to eight biopsies were harvested for histopatholog-
ical examination. However, in some cases, the biopsies were
limited in tumors showing moderate to high vascularity for
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fear of uncontrollable bleeding. Cases were positioned supine
with the head slightly flexed as usual for ETV. A right frontal
inverted U-shaped incision anterior to the coronal suture was
used in all cases. Burr hole was done using Hudson’s perfo-
rator, 1-2.5 c¢cm anterior to the coronal suture and 1.5 to 3 cm
lateral to the midline. The precise position was planned on
individual basis on the sagittal and coronal series of the pre-
operative MRI. The trajectory planned on the imaging was
intended to allow visualization of the posterior wall of the
third ventricle without unintended injury to the boundaries
of the foramen of Monroe. In all cases, ETV was done before
biopsy acquisition when the vision is clear as sampling may
lead to bleeding and obscuration of the field. Columns of the
fornix were visualized at the end of each procedure.

CSF samples for tumor markers were acquired during the
procedure for CSF diversion. Due to logistic/economic issues,
we were not able to have the results intraoperatively; therefore,
an attempt for harvesting a biopsy was planned in all cases.

Only one case required the insertion of an external ven-
tricular drain (EVD) after imperfect bleeding control after
biopsy acquisition.

Results

All 11 cases presented with hydrocephalus and increased ICP
manifestations. One case had Parinaud syndrome at presentation,
three cases had abducent palsy, and one case presented to the ED
with disturbed level of consciousness. There was also a 1-year-
old infant who presented with increased head circumference.

Elevated CSF markers were found in the three cases (Table 1).
Histopathological diagnosis was successful in 9 out of 11 cases
(81.8%). Out of the diagnosed nine cases, two cases were
germinomas, one case was an endodermal sinus tumor, two cases
were pineoblastomas, two cases were pilocytic astrocytomas,
and two cases were grade 2 tectal gliomas. We did not find a
relationship between the sample size in this study and failure to
achieve histopathological diagnosis.

The ETV was successful in six patients (54.5%) of the
cases with resolution of hydrocephalus. Five of the ETV cases
(45.5%) failed and required VPS later on. Failure was attrib-
uted to massive IVH in one case and was unknown in the other
four cases; however, it could be related to minimal bleeding
that usually occurs after sampling. The median duration be-
tween ETV and VPS insertion was 20 days (12-39 days). We
did not encounter any visible forniceal injury after the proce-
dure. Only one case was obtunded in the ICU for 2 days post-
operatively (case no. 5); this case was comatosed on admis-
sion, which explains the delayed post-operative recovery.

Complications of VPS insertion after ETV and biopsy in-
cluded obstruction and infection in two cases and
overdrainage and subdural collection in one case. The later
occurred after both surgical resection and VPS insertion.
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Fig. 1 The management
algorithm we adopt in Alexandria
University for pineal region
tumors
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Further management included open surgical resection
through supracerebellar infratentorial approach for five cases.
These cases included a pineoblastoma and a pilocytic astrocy-
toma. It also included a pure germinoma that had normal tu-
mor markers and the biopsy acquired endoscopically was not
diagnostic; the second one was mixed germ-cell tumor that
was diagnosed by both tumor markers and endoscopic biopsy.
However, the disease did not show adequate response to ad-
juvant treatment. It also included an endodermal sinus tumor
that showed progression after adjuvant treatment. The later
died from extensive disease dissemination even after surgery.

lllustrative cases

Case 1

Eight-year-old male patient presented to the emergency depart-
ment with disturbed level of consciousness, abducent palsy, and
grade 3 papilloedema. The patient had increased blood AFP.

The patient MRI revealed a posterior third ventricular mass
extending to the pineal region and hydrocephalus (Fig. 2a).

@ Springer

NR: no response.

Third ventriculostomy and biopsy were done. The biopsy re-
vealed germ cell tumor consistent with endodermal sinus tumor.
The patient has received chemotherapy for 3 months with no
significant response. Further surgery was done thorough ante-
rior transcallosal approach. Partial resection was achieved. The
patient started another cycle of chemotherapy in addition to
craniospinal irradiation. The patient presented 2 months after
the surgery with disturbed level of consciousness. CT brain
revealed aggressive recurrence with multiple brain deposits
(Fig. 2b, c¢). The patient died 2 days later.

Case 2

Fourteen-year-old male patient presented to the emergency
department with pineal region mass and hydrocephalus
(Fig. 3a). The patient had immediate endoscopic third
ventriculostomy and biopsy. CSF samples that were collected
for tumor markers showed elevation of the AFP. Endoscopic
biopsy was showing germinoma. The patient had post-
operative chemotherapy and radiotherapy. Complete response
was achieved using adjuvant therapy alone (Fig. 3b).
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Fig. 2 a Post-contrast MRI brain of case 1 at the time of presentation. b
CT brain 2 months after surgical excision showing aggressive growth of
metastatic deposits at the interpeduncular, prepontine, and left
cerebellopontine angle cisterns

Case 3:

Thirteen-year-old male patient presented to the outpatient clin-
ic with headache and blurring of vision. Fundus examination
was showing grade 1 papilloedema of the optic disk. MRI
brain was showing a posterior third ventricular mass extend-
ing posteriorly to the pineal region (Fig. 3). Endoscopic third
ventriculostomy and biopsy were done. The pathology came
out to be pilocytic astrocytoma. After thorough discussion
with the family, they decided not to operate on him at the time
being until the tumor shows significant progression (Fig. 4).

Discussion

The description for third ventriculostomy and biopsy for pi-
neal region tumor was initially described in the 1970s.
However, there was always fear of uncontrollable bleeding
[19]. The efficacy of endoscopic management as an initial step
for pineal region tumors presenting with hydrocephalus has
been mentioned in several instances in the literature. The goals
of endoscopic management are both CSF diversion and tissue
diagnosis for further management.

Fig. 3 Sagittal post-contrast MRI of case 2. a The MRI brain done at the
time of admission. b MRI brain done 1 year after adjuvant treatment
showing complete response

In 2010, ETV success score (ETVSS) has been developed
by Kulkarni et al. to estimate the prognosis of ETV [29] (Table
2). It is based on three parameters: the age of the patient, cause
of hydrocephalus, and history of VPS. The patients were strat-
ified according to the ETVSS in to high, moderate, and low
ETVSS. The former showed a 3-year success rate of 72%,
while moderate ETVSS showed a success rate of 52%. This
has been validated in several pediatric articles; however,
Labidi et al. have validated it in 2015 including adults’ age
group [12, 30, 32, 46, 51].

The success score of patients with pineal region tumors in
our series was from 80 to 90. This means that all cases were
good candidates for initial ETV for the management of hydro-
cephalus. In our study, 6 out of 11 cases (54.5%) had success-
ful ETV while the other 5 required VPS on their course of
treatment despite having high ETVSS. In several other stud-
ies, the success rate of relief of hydrocephalus in cases where
both ETV and biopsy were done ranged from 64 to 83%.
However, Yamini et al. described that four out of six patients

@ Springer
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Fig. 4 Case 3 post-contrast T1-weighted and fluid attenuation inversion
recovery MRI brain showing posterior third ventricular mass extending
towards the pineal region

who had ETV required VPS later on. The authors stated that
the reason for the high failure rate could be related to the
presence of debris after biopsy acquisition [2, 11, 35, 55].

Recently, Gianaris et al. did a retrospective study in order to
study causes of failure in cases with high ETVSS [23]. Fifty
percent of cases in that study were either pineal tumors or
tectal gliomas. He concluded from his series in patients with
high ETVSS that the greater transependymal permeation and
the smaller size of the third ventricle are related to better ETV
outcome [23].

In our series, all 11 cases that had ETV had endoscopic
biopsy, 2 of which had non-diagnostic tissue (18.2%). These
cases included an anaplastic ependymoma, a pineoblastoma,
and a germinoma. Yamini et al. in 2004 has analyzed 11 case
series on 54 patients including his own series. In addition to
the high failure rate of ETV when combined with biopsy, he
stated that 89% of all cases had definitive histopathological
diagnosis. His own series showed successful diagnosis in 67%
of his cases [55]. In 2013, a review of the literature by
Mottolese et al. stated that the accuracy of biopsy during
ETV ranges between 61 and 100% [39]. Table 3 is showing
a summary of all publications in the last 20 years related to
ETV and biopsy.

The ETV failure rate in these studies ranged from 0 to 50%.
The biopsy later failure rate was related either to technical
difficulties while acquiring the biopsy or due to acquisition
of insufficient or normal tissue. The biopsy failure rate range
in these studies lies between 0 and 33%.

The most important possible complication from ETV is the
injury to the basilar artery or its branches [1, 27, 36, 44, 49].
For this reason, some surgeons prefer to avoid ETV in cases
that have diminished prepontine cistern [31]. However, some
experienced neurosurgeons described that the size of the
prepontine cistern should not be a contraindication, especially
that up till now, no relationship has been established between
the size of the prepontine cistern and the functionality of the
ETV [48]. Apart from the failure of the ventriculostomy, we
had only one case that had significant IVH and required EVD
insertion post-operatively. In a review of literature, it was re-
ported that the incidence of intraoperative hemorrhage or neu-
rological deficit lies between 12 and 20% with no significant
post-operative morbidity [39, 55]. Other reported complica-
tions include neurological deficit and infection.

In our series, we used a rigid endoscope and single trajectory
with a burr hole 1 to 2.5 cm anterior to the coronal suture and
1.5 to 3 cm lateral to the midline. The optimum position of the
burr hole was planned on preoperative sagittal MRI in each
case. Despite this, we had only one complication of IVH and
with no observed injuries of the fornix. In addition, our results
were comparable to others as shown in Table 3. Morgenstern et
al. had shown that there were no significant differences between
single and two trajectories in their series [38]. Ahn and
Goumnerova stated that the success rate of biopsy was lower
when a flexible endoscope was used (45.5%) in comparison

Table 2 The endoscopic third

ventriculostomy success score Score Age Etiology of hydrocephalus Previous shunt
0 < 1 month Post-infectious Yes
1020 1 month to < 6 months Myelomeningocele, I[VH, non-tectal tumors No
30 6 months to < 1 year Aqueductal stenosis and tectal tumors
40 1 to < 10 years
50 >10 years

@ Springer
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with the rigid endoscope (81%). That was technically related to
the flexible biopsy forceps that has limited sampling capacity in
comparison with that used in rigid endoscopes [2].

One of the important complications in this series is tumor
dissemination. One of our cases (case 1) showed that tumor has
disseminated through the stoma towards the interpeduncular
and the prepontine cistern, the growth of which resulted in
brain stem compression and death of the patient later on.
This issue has been previously raised in the literature with a
rate of spread that lies between 5 and 20% [25, 34].

A question has been also raised regarding the survival and
occurrence of VPS complications post-ETV failure. Some au-
thors have suggested that ETV could decrease the risk of VPS
failure especially if it is associated with choroid plexus cau-
terization [21, 47]. Others have suggested that ETV may in-
crease the risk of VPS infection. Warf and colleagues have
done a retrospective study on data from 2329 patients in
Uganda; they stratified patients into three groups. A group
who had upfront VPS, another who had VPS inserted at the
time of aborted ETV, and a third one who had VPS inserted
after ETV failure. There were no significant differences ob-
served across the three groups as regards obstruction, infec-
tion, and other complications [52].

Conclusion

Endoscopic third ventriculostomy and biopsy should be an
initial step in the management algorithm for pineal region
tumors. In our series, we were able to achieve this through
a single trajectory and a rigid endoscope with results com-
parable to other studies in the literature. The success of the
procedure can be measured by the biopsy and ETV failure
rates. The former is related to the number and size of ac-
quired samples. The later, although can be estimated by the
ETVSS, still other factors such as biopsy acquisition at the
time of ETV, intraventricular permeation, and preoperative
ventricular size should be further studied for better capa-
bility of prognostication.
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