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Abstract

Background: Pineal region tumor is considered an ideal indication for endoscopic third ventriculostomy (ETV), with
success rate up to 92%. The ultimate advantage is the ability to obtain tumor biopsy for histopathological diagnosis
and for further treatment strategy plan design.

Objectives: To investigate the safety considerations to minimize tumor biopsy-related bleeding, increase diagnostic
accuracy, and establish a successful ETV procedure.

Methods: Retrospective study including 25 patients of pineal region tumor with concomitant triventricular
hydrocephalus. Preoperative planning to perform ETV and obtain tumor biopsy was achieved either through single
more anteriorly located precoronal burr-hole (17 patients) or two separate burr-holes (eight patients). The patients’
age ranged from 9 months to 65 years with a mean age of 26.5 years. Preoperative MRI brain with coronal T2- and
sagittal T1-weighted images was used to design trajectory.

Results: No significant intraventricular bleeding reported. A diagnostic tumor biopsy yield was successful in 22 patients.
Ventriculoperitoneal shunt insertion was required in 1 patient failed to improve.

Conclusion: Endoscopic tumor biopsy is relatively safe with high diagnostic yield that helps in management protocol
plus shunt independent control of associated hydrocephalus.
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Introduction Endoscopic third ventriculostomy ETV and endoscopic

Pineal body tumors are histopathologically heterogenic
group, including germ cell tumors, pineal tumors, astro-
cytic tumors, and cystic lesions. The clinical findings are
quite consistent where approximately 90% of patients
present with obstructive hydrocephalus and manifest-
ation of raised intracranial pressure [1].

Initial step in the management should achieve control
of hydrocephalus and pathological verification. Further
treatment of the tumor can be planned afterwards,
chemotherapy, radiotherapy, or surgical excision [2].
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tumor biopsy ETB at the same setting has been reported
to be an effective choice for initial management [3, 4].
One of the complications of ETV or ETB is the pos-
sible injury to the fornix around the foramen of Monro,
resulting in memory impairment. The other complica-
tion is bleeding during endoscopic tumor biopsy that
could be troublesome and difficult to control [5].
Endoscopic biopsy-related hemorrhage vary in nature
from mild tumor hemorrhage to severe intraventricular
hemorrhage that necessitate abandonment of ETV if not
done earlier and insertion of external ventricular drain-
age or even shift to microsurgery. Hemorrhage rate vary
from approximately 1 to 75% in different series which
can be explained by differences in number of patients
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studied, different tumor pathologies, and surgical tech-
nique applied [6-8].

Accuracy of tissue diagnosis through endoscopic bi-
opsy was reported by Baossier et al. to be less than that
reported with stereotactic biopsy (81.1% versus 93.7%)
[9]. The aims of this study were to investigate the safety
considerations to minimize tumor biopsy-related bleed-
ing, increase diagnostic accuracy, and establish a suc-
cessful ETV procedure.

Patient and methods

This retrospective study includes 25 patients of symptom-
atic hydrocephalus caused by pineal region tumor oper-
ated in Tanta University Hospitals from October 2009 to
February 2016. All patients were diagnosed by preopera-
tive MRI images with contrast. The patients’ age ranged
from 9 months to 65 years with a mean age of 26.5 years.

Preoperative planning

Preoperative MRI brain with coronal T2- and sagittal
T1-weighted images was used to plan the procedure of
ETV and tumor biopsy.

The trajectory of ETV was outlined in sagittal images
by a line joining tuber cinereum and the anterior edge of
the foramen of Monro up to the cortical surface to show
up desired burr-hole location.

The trajectory for endoscopic tumor biopsy was out-
lined by another line from the most proximal part of the
tumor to the posterior edge of the foramen of Monro.

If these two presumed burr-holes locations are no more
than 1 cm away, then a single burr-hole for both proce-
dures in a midway location would be appropriate. This
single more anteriorly located (1.5-1.7 c¢m) precoronal
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burr-hole was adequate in 17 patients with wide both for-
amen of Monro and anterior third ventricle, Fig. 1.

With smaller foramen and/or anterior third ventricle,
these previously mentioned two lines are away enough,
then two separate burr-holes are necessary where an add-
itional burr-hole located more anteriorly (3-5 cm from
coronal suture) was dedicated for biopsy (eight patients),
Fig. 2.

Choice of burr-hole location (right or left) in asym-
metric tumor growth is another noteworthy decision.
We preferred to approach tumors inclined to the left
side through right side burr-hole and vice versa, Fig. 3.

Surgical procedure

The planned single or double burr-holes were per-
formed. After free-hand insertion of the endoscope, CSF
sample is obtained for histopathological examination.
We aimed the floor of the third ventricle to perform
ETV first. The endoscope is then moved backwards to
access the tumor and obtain biopsy in cases of one
burr-hole trajectory.

In cases of two burr-holes trajectory, the endoscope is
moved completely out for insertion into the biopsy dedi-
cated more anterior burr-hole. Initial coagulation is done
over the tumor surface and in cases where tumor is
enveloped by ependymal wall to access biopsy under-
neath the ependyma from within the tumor. A biopsy
forceps is used to grasp tumor piece gently moving right
and left exerting also a little twist during pull out of the
forceps to remove biopsy specimen. At that moment, a
French 3 Fogarty balloon catheter is passed through the
irrigation channel and put in standby position to do bal-
loon tamponade with inflation of the catheter in biopsy

view of clear biopsy bed

Fig. 1 Shows the single burr-hole method. a Preoperative sagittal T1-weighted image with contrast. The red line represents the pathway for ETV,
and the green line represents the pathway for tumor biopsy. b A view through the foramen of Monro showing both third ventricular floor (arrow
head) and pineal region tumor (curved arrow). ¢ Endoscopic third ventriculostomy using Fogarty balloon catheter. d Initial coagulation on tumor
surface. e Obtaining biopsy from the tumor using biopsy forceps (arrow) where the Fogarty balloon catheter is put in standby position (arrowhead). f

Balloon tamponade to control bleeding from the tumor bed. g Few minutes after tamponade combined with irrigation showing clear view. h Final
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Fig. 2 Shows the two burr-holes method. a Preoperative sagittal T1-weighted image with contrast. The red line represents the pathway for ETV,
and the green line represents the pathway for tumor biopsy. The lines are more than 3 cm away from each other necessitating two separate
burr-holes. b Endoscopic third ventriculostomy done first (arrow head). ¢ A close up view through the posterior third ventricle showing pineal
region tumor obstructing the aqueduct (arrow head). d Initial coagulation on ependymal lining. e Biopsy forceps (arrow head) is directed through the

cauterized violated ependymal wall. f Obtaining biopsy from within the tumor under ependymal wall using biopsy forceps

bed rapidly controlling bleeding before it could visually
obscure the field. The biopsy steps could be repeated to
ensure enough tissue submitted for examination. Skin is
then closed in layers.

The outcome was verified clinically and radiologically.
The mean duration of follow up was 3 years (range = 8—
60 months). Follow-up CT images were obtained regularly
at 1 and 30 days after surgery. Routine follow-up MRI im-
ages were obtained regularly at 3, 6, and 18 months post-
operatively. Other follow-up items included the need for
any shunt insertion or any neurological complication.

Results

Twenty five patients of symptomatic hydrocephalus caused
by pineal region tumor were included in this study. Sex
distribution showed male predominance with 18 cases.

Preoperative clinical manifestations included headache
in 22 cases (88%), papilloedema in 15 cases (60%), nau-
sea and vomiting in 12 cases (48%), ataxia in 10 cases
(40%), disturbed consciousness in 4 cases (16%), and cra-
nial nerve palsy in 4 cases (16%). Most of these symp-
toms and signs got significant improvement following
the surgery (Table 1).

Headache was the most presenting symptoms in 22
cases (88%) followed by papilloedema 15 cases (60%),
nausea and vomiting 12 cases (48%), and ataxia in 10
cases (40%). All the preoperative clinical manifestations
were improved postoperatively. Papilloedema, nausea
and vomiting, disturbed consciousness, and cranial nerve
palsy were resolved completely postoperatively. Head-
ache resolved in 18 cases, improved in 2 cases, and was
unchanged in another 2 cases. Ataxia resolved in 90% of
cases and improved in 1 case.

Fig. 3 Shows two examples of left and right inclined tumor and its appropriate approaches. a An example of left side inclined tumor approached
through right side trajectory. b An example of right side inclined tumor approached through left side trajectory
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Table 1 Preoperative clinical presentations and their relative
post-operative improvement rates

Clinical Frequency 9% Resolved Improved Unchanged
presentations

Headache 22 88 18 2 2
Papilloedema 15 60 15 0 0

Nausea and 12 48 12 0 0

vomiting

Ataxia 10 40 9 1 0
Disturbed 4 16 4 0 0
consciousness

Cranial nerve palsy 4 16 4 0 0

Endoscopic third ventriculostomy succeeded in 24 pa-
tients resulting in clinical and neuroimaging confirmed
improvements in supratentorial ventriculomegaly. One
patient failed to improve and eventually required ventri-
culoperitoneal (VP) shunt. We could obtain endoscopic
tumor biopsy from all the patients. No significant intra-
ventricular bleeding reported. The total number of cases
required balloon tamponade to control bleeding from
tumor bed was 10 cases (40%).

The CSF analysis show positive cytology only in six
cases (24%). Four cases had germinomas.

A diagnostic tumor biopsy yield was successful in 22 pa-
tients. The most common detected histopathological types
were germinoma 6 cases (24%), low grade astrocytoma 6
cases (24%), pineoblastoma cases (24%), and ependymoma
2 cases (8%) (Table 2).Germinoma and low-grade astrocy-
toma were the most common pathological types in 6
cases; 24% of cases for each of them followed by pineo-
blastoma 4 cases (16%) and ependymoma 2 cases (8%).
Central neurocytoma, Dermoid cyst, Metastasis and Pine-
ocytoma had one case (4%) presentation for each histo-
pathological diagnosis in four cases. Failure to establish a
confirmed histopathological examination was reported in
three patients with vascular lesions where biopsy speci-
men was masked by coagulation.

Table 2 Pathological types of the cases

Pathological types Number %
Germinoma 6 24
Low grade astrocytoma 6 24
Pineoblastoma 4 16
Ependymoma 2 8
Central neurocytoma 1 4
Dermoid cyst 1 4
Metastasis 1 4
Pineocytoma 1 4
Undiagnosed 3 12
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Definitive treatments for our patients vary from follow
up for patient with small low-grade lesions, radiation for
all germinoma cases, and surgically unfit patients.
Among the remaining patients, four cases accept to per-
form definitive open microsurgical approach.

Discussion

The incidence of pineal tumors varies from 1 to 4% of
brain tumors to approximately 11% in pediatric popula-
tion. However, only small number of cases has sero-
logical diagnostic markers [9, 10].

The fore-mentioned fact explains why the initial tumor
biopsy is considered as the cornerstone in treatment
strategy plan design [2].

Three different techniques are reported in obtaining
pineal tumor biopsy. The first is open microsurgical ap-
proach which is feasible but associated with morbidity and
mortality only in difficult tumor excision like meningioma.
The second is the stereotactic biopsy which is considered
as a minimally invasive approach with high efficacy and
minimal incidence of complication, but it does not offer
any help regarding associated obstructive hydrocephalus.
And the endoscopic pineal biopsies which provide oppor-
tunity to manage hydrocephalus and obtain biopsy under
direct visualization at the same time [9, 11, 12].

Different techniques were described to perform ETV
and ETB at the same time. The use of a single compro-
mised (midway) entry site that provide minimal traction
on the fornix while performing ETV and minimal traction
on the choroid plexus while performing ETB [13, 14].

The use of flexible endoscope was also applied to easily
target ETV and biopsy site but it has low quality image and
small working channel if compared to rigid endoscope [15].

Another technique to use two separate navigation de-
signed burr-holes [16]. Morgenstern and Souweidane used
the relation between massa intermedia and the tumor as a
determinant to perform one or two burr-holes [17].

In this study, we used either single burr-hole or two
burr-holes technique based on the preoperative MRI
study. The trajectory for endoscopic third ventriculostomy
was outlined in sagittal images by drawing a line from the
target area in tuber cinereum passing through the anterior
edge of the foramen of Monro (fornix) up to the cortical
surface to show up desired burr-hole location. The trajec-
tory for endoscopic tumor biopsy was outlined in sagittal
images without navigation by drawing a line from the
most proximal part of the tumor passing through the pos-
terior edge of the foramen of Monro (fornix) up to the
cortical surface to show up desired burr-hole location.

If these two planned burr holes are close, a single
more anteriorly located (1.5-1.7 cm) precoronal burr
hole was performed (17 patients). If these two planned
burr holes are away enough, then two separate burr
holes are necessary where an additional burr-hole
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located close to the hair line (3—5 ¢m from coronal su-
ture) was dedicated for biopsy (eight patients).

We believe that these calculations would be extremely
helpful in design of the trajectory to avoid any undue for-
niceal or third ventricular choroid plexus injury that may
potentially complicate the procedure and pose patient at
risk. We also believe that in asymmetric tumor growth, it
is better to approach tumors inclined to the left side
through right side burr-hole and vice versa. This puts the
bulging part of the tumor in the viewing angle of the
endoscope with wider area to work around and facilitate
the process of tumor biopsy.

The CSF analysis of our cases shows positive cytology
in only six cases (24%), four cases of them had germino-
mas. This highlights the necessary to obtain tumor bi-
opsy in such cases. Another additional benefit of CSF
examination in germinoma cases is to determine the
need of localized tumor irradiation versus whole cra-
niospinal irradiation.

A potential risk of endoscopic tumor biopsy is bleed-
ing from the tumor bed, especially in these frequently
vascular tumors. This bleeding may be initiated suddenly
during the pull out of the biopsy sample. Biopsy-related
hemorrhage varies from small tumor hemorrhage to se-
vere intraventricular hemorrhage. The incidence of
hemorrhage vary in different studies, but it is obviously
technique-related, and most experienced surgeon report
either no or minimal occurrence of hemorrhage [6, 9].

In this study, we used the Fogarty balloon catheter to
perform balloon tamponade very early by passing the
catheter through the irrigation channel and put it in
standby position ready for inflation to control any
troublesome bleeding that may initiate during the bi-
opsy. This helps to reduce the operative time and
amount of irrigation and/or coagulation required to con-
trol bleeding from the tumor bed.

Both endoscopic and stereotactic biopsies for pineal
tumors are subject of sample error and needs special
care in result interpretation. This may be attributed to
heterogenicity of the tumor pathology, amount of tissue
supplied for histopathology, and surgical technique ap-
plied. No significant difference between both stereotactic
and endoscopic approaches was reported. And most
studies report success more than 80% with endoscopic
approach [9, 18, 19].

In this study, pathological diagnosis was obtained in
22 out of 25 cases (88%). The reason for difficult histo-
pathological interpretation in the remaining three cases
may be attributed to their vascular nature that necessi-
tates excessive coagulation. Although initial coagulation
may be helpful to decrease the risk of bleeding, it may
risk the histopathological diagnosis by masking the
biopsy sample, rendering it difficult to establish a
diagnosis.
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Conclusion

Endoscopic tumor biopsy is relatively safe with high diag-
nostic yield that help in further management protocols plus
shunt independent control of associated hydrocephalus.
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