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Objective : It is usually difficult to perform the neuroendoscopic procedure in patients without hydrocephalus due to difficulties with ventricular
cannulation. The purpose of this study was to find out the value of navigation guided neuroendoscopic biopsy in patients with peri- or
intraventricular tumors without hydrocephalus.
Methods : Six patients with brain tumors without hydrocephalus underwent navigation-guided neuroendoscopic biopsy. The procedure was
indicated for verification of the histological diagnosis of the neoplasm, which was planned to be treated by chemotherapy and/or radiotherapy as
the first line treatment, or establishment of the pathological diagnosis for further choice of the most appropriate treatment strategy. 
Results : Under the guidance of navigation, targeted lesion was successfully approached in all patients. Navigational tracking was especially
helpful in entering small ventricles and in approaching the third ventricle through narrow foramen Monro. The histopathologic diagnosis was
established in all of 6 patients : 2 germinomas, 2 astrocytomas, 1 dysembryoplastic neuroepithelial tumor and 1 pineocytoma. The tumor biopsy
sites were pineal gland (n = 2), suprasellar area (n = 2), subcallosal area (n = 1) and thalamus (n = 1). There were no operative complications
related to the endoscopic procedure.
Conclusion : Endoscopic biopsy or resection of peri- or intraventricular tumors in patients without hydrocephalus is feasible. Image-guided
neuroendoscopic procedure improved the accuracy of the endoscopic approach and minimized brain trauma. The absence of ventriculomegaly in
patients with brain tumor may not be served as a contraindication to endoscopic tumor biopsy. 
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INTRODUCTION

As early as 1963, Guiot et al.12) reported the use of ventri-
culoscopy in a patient with a colloid cyst. In 1973, Fuku-
shima et al.8) provided the first modern description of an
endoscopic biopsy with the introduction of the ventriculo-
fiberscope. The evolutions of endoscopic techniques and
improvement in adequacy of diagnosis have allowed us to
dramatically change the prognosis and therapeutic regimen
in pineal region tumors. Recently, neuroendoscopy has beo-
mce the preferred technique to achieve minimally invasive
management of these lesions17). 

The usefulness of endoscopic tumor management is based

on the principle that the intraventricular cerebrospinal fluid
(CSF) serves as an excellent natural medium for image and
light transmission. Patients with hydrocephalus and approp-
riate intraventricular tumors thus serve as ideal candidates for
endoscopic management. However, it is usually difficult to
perform the neuroendoscopic procedure in the patients
without hydrocephalus because of presumed difficulties with
ventricular cannulation. However, recent development in
neuroendoscopy coupled with frameless navigational system,
ventricular dilatation is no longer an indispensable prerequi-
site. The purpose of this study was to investigate the value of
navigation guided neuroendoscopic biopsy in patients with
peri- or intraventricular tumors without hydrocephalus.

MATERIALS AND METHODS

Patient selection
From 2001 to 2008, 53 patients (mean age, 12.49 years)

with tumors located in the peri- or intraventricular areas
underwent neuroendoscopic biopsy, with or without simul-
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taneous third ventriculostomy. From this patient popula-
tion, 6 patients (11.1%) did not reveal symptoms of hydro-
cephalus or radiographic ventriculomegaly at presentation.
These patients ranged in age from 8 to 47 years (mean,
19.7 yr). There were 5 males and one female. Patients under-
went imaging for a variety of reasons, including a history of
headache (n = 3), visual symptoms (n = 1), polydypsia and
polyuria (n = 1), and precocious puberty (n = 1). The pro-
cedure was indicated for verification of the histological dia-
gnosis of the neoplasm, which was planned to be treated by
chemotherapy and/or radiotherapy as the first line treatment,
or establishment of the pathological diagnosis for further
choice of the most appropriate treatment strategy. 

To ensure against any subjective bias or misinterpretation
in defining hydrocephalus, the ventricular size was measur-
ed on preoperative magnetic resonance imaging (MRI)
scans for all patients in the study group by an independent
observer. A two-dimensional measurement, the frontal and
occipital horn ratio (FOR) was used as an objective meas-
ure. This index is known to have a high interobserver relia-
bility, to be unaffected by the patient’s age, and to have a high
correlation with volumetric measurements. A value of 0.37
(standard deviation, 0.026) was used as the normative mean. 

The mean FOR of the 6 patients selected for analysis was
0.278 ± 0. 026 (standard deviation; range 0.252-0.304).
Compared with the reported normative mean of 0.37 ±
0.026 (standard deviation; range, 0.31-0.44; sample size,
44), the study group had a lower FOR (p < 0.0001, two-
sample t-test). Further, no patient had an FOR value more
than the normal value of 0.37. Thus, all the six patients
met the inclusion criteria of this analysis.

Surgical procedures 
All procedures were performed with the patient under ge-

neral anesthesia in a supine position6). The preferred entry site
is made at the time of surgery with navigational guidance.
The head should always be elevated above a horizontal plane
in an effort to minimize CSF egress from the endoscope.

In all procedures, the navigational system guided the sur-
geons precisely to the target. Navigational tracking was
helpful in entering small ventricles and in approaching the
posterior third ventricle through narrow foramen of Monro.
An anterior entry site with reference to the coronal suture
was used for lesions situated in the posterior third ventricle
or pineal region. With respect to laterality, most entries were
placed on the nondominant side.

When navigation was used for trajectory planning, the
sheath was registered using a frameless navigational system
(BrainLAB, Feldkirchen, Germany). A 0-degree rigid lens
endoscope (Karl Stortz, Tuttlingen, Germany) was used for

all procedures. All biopsies were obtained with a rigid endos-
cope (outer diameter 2.9 mm) using a free-hand technique
and a 1 mm micro forceps through a 5.6 mm working
channel with a high resolution (HD) camera.

After the cannulation of the anterior horn of the right later-
al ventricle, an intraventricular catheter was inserted. As
soon as CSF return confirmed an intraventricular position,
gradual insufflations of the ventricular system with lactated
Ringer’s solution were performed. After controlled insuffla-
tions, the access catheter was substituted with the endos-
copic sheath.

During the procedure, we measured intraventricular pres-
sure and obtained CSF for cytological and biochemical an-
alysis, and connected an intraventricular catheter to a reser-
voir of Ringer’s lactate solution for intraventricular inflation6).
After identification of the tumor and visual inspection of its
growth patterns, sampling of the tumor mass then was per-
formed by selecting a relatively avascular portion of the
tumor and careful coagulation of the surface of the neoplasm
was performed, and the neoplasm was sampled with gras-
ping forceps. Complete hemostasis was attained either by
coagulation or continuous local irrigation over several mi-
nutes if bleeding was detected. 

Preliminary histological diagnosis was established with
frozen sections. Intraventricular inflation of the Ringer’s
lactate solution was continued up to the final stages of the
procedure to prevent ventricular collapse or income of air.
Then, endoscopic third ventriculostomy (ETV) was perfor-
med with coagulation, if needed6). The openings of the dura
were covered by gel foam and soft tissues were sutured in
layers. Externalized ventricular drains were monitored with
pressure transduction and were discontinued when pressure
recordings confirmed normalization. 

Post operative management
Immediate postoperative CT scans were obtained in all

patients immediately after operation. Antibiotics were admi-
nistered for postoperative 3-7 days. 

Statistical analysis
The Fisher’s exact test was used to compare the success in

achieving the surgical objective between patients without
hydrocephalus and those with ventriculomegaly. The two
sample t-test was used to compare the FOR between the
two groups of patients.

Illustrative cases

Case 1
This 19-year-old male patient had a 2-month history of
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polyuria, polydipsia and 15 kg of weight loss for last 2
months. A contrast-enhanced MRI scan showed a hetero-
geneous mass situated in the suprasellar and pineal compart-
ments without associated hydrocephalus (Fig. 1). His initial
serum sodium level was 142 mmol/L. Endocrine evaluation
revealed a serum prolactin level of
64.34 ng/mL, indicated panhypopi-
tuitarism and CSF cytology represent-
ed a few atypical cells. Serum and CSF
biochemical assessment was notable
for a CSF human chorionic qonado-
tropin level of 73.6 mIU/mL. It was
the modest elevation in human chori-
onic gonadotropin (hCG), above re-
ference range and highly suggestive of
a germ cell tumor, thus could not be
differentiated whether the tumor repre-
sented an hCG-secreting germinoma
with syncytiotrophoblastic cells or a
nongerminomatous germ cell tumor.
Endoscopic tissue sampling was offer-
ed for definitive tumor classification.
A right frontal endoscopic biopsy was
performed using navigational gui-
dance. Histological samples were inter-
preted as pure germinoma. The patient
was treated for her primary germ cell
tumor by subsequent chemotherapy
and radiotherapy. He remains without
evidence of disease recurrence 6 mon-
ths after radiotherapy. 

Case 2
This 47-year-old female patient

who presented with frequent heada-
ches underwent an endoscopic tumor
removal of pineal gland (Fig. 2). Ser-
um and CSF biochemical evaluation
for hCG and a-fetoprotein were nor-
mal. A contrast-enhanced magnetic
resonance image (MRI) scan showed
a heterogeneous mass situated in the
pineal gland without associated hydro-
cephalus. A right frontal endoscopic
biopsy was conducted using naviga-
tional guidance to optimize a trajec-
tory for cranial burr hole. The tumor
biopsy was performed without diffi-
culty. The histological sample was
interpreted as a pineocytoma.  

RESULTS

Under the guidance of navigation, targeted lesions were
successfully approached in all patients and the intended
goal was accomplished. Navigational tracking was helpful
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Fig. 1. MRI scans with contrast indicate the suprasellar mass in the (A) sagittal, (B) coronal, (C) and axial
planes. A contrast-enhancing mass approximately 9 mm in maximal dimension is seen without any
evidence of CSF obstruction or resultant ventriculomegaly. 

A B C

Fig. 2. T1-weighted sagittal (A) and axial (B and C) magnetic resonance imaging (MRI) scans reveals a
small, homogenous enhancing lesion in the pineal area. There is no evidence of ventricular dilation.
Navigational images indicate preoperative planning for an endoscopic approach to the pineal gland tumor
(D). The monitor of the navigation system was connected with coaxial cables to the neuroendoscope
monitor.  

A B C
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in entering small ventricles and in approaching the third
ventricle when the foramen Monro was narrow. The overall
success rate for achieving the intended surgical goal of tumor
resection or diagnostic sampling in the 53 patients was
91.8%. In the study group, the surgical objective was met
in all 6 patients (100%). The characteristics of these pati-
ents are described in Table 1. Compared with the group of
47 patients who had hydrocephalus at presentation, there
was no statistical difference in achieving the surgical objec-
tive whether tumor biopsy or resection was the intent.

The histopathologic diagnosis was established in all of 6
patients : 2 germinomas, 2 astrocytomas, 1 dysembryoplastic
neuroepithelial tumor and 1 pineocytoma. The tumor bio-
psy sites were pineal gland (n = 2), suprasellar area (n = 2),
subcallosal area (n = 1) and thalamus (n = 1). There were no
operative complications related to the endoscopic procedure.

Patient outcome
There were no recognized neurological complications

related to the surgical procedure such as seizures, infections,
or deaths. All drains were removed on postoperative Day 1
because normal intracranial pressures were observed in all
cases. All wounds healed without evidence of CSF leaks.
No patient exhibited signs of raised intracranial pressure or
postoperative evidence of ventriculomegaly. Thus, no pati-
ent required subsequent treatment for symptomatic hydro-
cephalus. Notably, there was no symptomatic bleeding or
visible hemorrhage on postoperative CT scan.

DISCUSSION 

The usefulness of endoscopic neurosurgery for the mana-
gement of intraventricular brain tumors is well established.
Total extirpation of colloid cysts1,3,4,13-15), cystic decompres-
sion of craniopharyngiomas2), sampling of intraventricular
brain tumors5,7,9,11,16-19,22), and removal of solid tumors9,11,16)

have been reported with increasing frequency since the
advent of recent technological advances in endoscopic equip-
ment. The usefulness of endoscopic tumor management is
based on the principle that the intraventricular CSF serves

as an excellent natural medium for image and light trans-
mission. Patients with hydrocephalus and appropriate intra-
ventricular tumors thus serve as ideal candidates for endos-
copic management.   

However, endoscopic surgery for patients without hydro-
cephalus usually is avoided because of the purported diffi-
culty with ventricular cannulation and intraventricular navi-
gation. Logically, it is expected that in the absence of hy-
drocephalus, the success rate of endoscopic ventricular
access would be reduced. In addition, the morbidity of such
procedures also may be influenced by the degree of ventri-
culomegaly. Grunert et al.11) reported their experiences of
endoscopic surgery for third ventricular lesions in 1997.
However, they included the cases with hydrocephalus and
aqueduct obstruction11). This bias in patient selection is
understandable because of the expectation that ventricular
cannulation and intraventricular navigation may be diffi-
cult in normal-sized ventricles.

The specific topic of endoscopy in patients with normal-
sized ventricles was the primary focus of an earlier publica-
tion by Yamamoto et al.23) In those small series of three pa-
tients successful ventriculoscopy for other intraventricular
lesions was performed even though none had a brain tumor.
Recently, a series of neuroendoscopic biopsies of intraven-
tricular tumors in patients without hydrocephalus was re-
ported by Souweidane.21) They reported the experience
with 15 patients without hydrocephalus who underwent
endoscopic management for their intraventricular brain
tumor. These results are compared with those with hydro-
cephalic patients. However, the 15 patients were relatively
good candidates for endoscopic surgery in that the lesions
were located in the lateral ventricle or anterior third ven-
tricle, even if the ventricle sizes were not increased. They
suggested that the surgical risk would increase if the lesions
were located in the posterior third ventricle or pineal region
because it is difficult to cannulate a normal-sized third ven-
tricle and manipulate the device at the proximity of the cho-
roid plexus, the internal cerebral veins, and the hypothalami.

In contrast to previous reports, we included all patients
without hydrocephalus with lesions located in the posterior
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Table 1. Clinical characteristics of 6 cases of peri- or intraventricular tumors without hydrocephalus treated by navigation guided endoscopic biopsy

No.
Age (yr) / Clinical Tumor Endoscopic Tumor CSF Histology

Further Outcome
Sex manifestations size (mm) treatment marker cytology treatment

1 M/25 Blurred vision 10.7 Biopsy N N Germinoma CTx, RTx Cured at 16 month

2 M/10 Headache 13.8 Biopsy N N DNT Tumor removal Cured at 7 month

3 M/9 Headache 11.6 Removal N N PA None Consider CTx

4 M/19 Polydipsia 9.1 Biopsy β-hCG P Germinoma CTx, RTx Cured at 6 month

5 M/8 Precocious puberty 43.6 Biopsy N N PA CTx Cured at 10 month

6 F/47 Headache 14.8 Biopsy N N Pineocytoma None Follow up loss

DNT : dysembryoplastic neuroepithelial tumor, PA : pilomyxoid astrocytoma, CTx : chemotherapy, RTx  : rdiotherapy, N : negative, P : positive 



third ventricle or pineal region as well as the lateral ventri-
clular anterior third ventricle. Fortunately, the success rate
of endoscopic biopsy was similar between the two groups
of patients without hydrocephalus and with hydrocephalus.  

In our series, five of these patients underwent diagnostic
and one patient underwent tumor removal. The procedures
were successfully finished in all patients without meaning-
ful morbidity. Remarkably, no patient required treatment
for symptomatic hydrocephalus after the procedure. There-
fore, our strategy in patients without hydrocephalus is con-
sidered acceptable. 

This study was not performed to define a superior tech-
nology than others, but to suggest the possible application
of endoscopy in small ventricles only if careful approach
using guidance of navigational system would be applied. A
couple of experienced groups for endoscopic surgery subse-
quently suggested the advantages of navigational guidance
for endoscopic cannulation into the ventricle in patients with-
out hydrocephalus4,10,20). 

Even though the conventional stereotactic needle biopsy
is a valid alternative for tumor sampling in these situation,
the endoscopic technique does offer several potential advan-
tages, including ventriculoscopic inspection for any metas-
tatic potential, CSF sampling for staging, direct visualization
allowing avoidance of choroid plexus or vascular tributaries,
and the ability to perform simultaneous procedures if indi-
cated (endoscopic third ventriculostomy, septostomy, or
tumor cyst decompression). 

Thus, if indications for intraventricular tumor biopsy or
resection are present, the absence of hydrocephalus does not
seem to contraindicate an endoscopic approach.

CONCLUSION

The combination of neuroendoscopy and navigation
would improve the accuracy of the endoscopic approach
and minimize the risk of brain injury as well. 

In this study, we suggest the endoscopic approach to peri-
or intraventricular tumors accompanied by navigational
system in patients without hydrocephalus is helpful in achiev-
ing the proper surgical goal without additional complica-
tion risks. 
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