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Tumors leading to occlusion of the sylvian aqueduct 
include those of pineal, thalamic, and tectal origins. 
These tumors frequently cause obstructive hydro-

cephalus and thus necessitate a CSF diversion procedure, 
such as an endoscopic third ventriculostomy (ETV).

The histopathological differential diagnosis of tumors 
leading to aqueductal occlusion includes germ cell tumors, 
ependymomas, and astrocytomas. As the treatment para-
digm may change according to pathology (and grade), a 
tumor biopsy is often indicated. Thus, in many cases a 
dual procedure is recommended: an ETV combined with 
an endoscopic biopsy (EBX).17

The trajectory for an ETV is pointed more anteriorly 
than the optimal trajectory for an EBX of a posterior third 
ventricular tumor.17 The foramen of Monro limits the tra-

jectory both anteriorly (avoiding injury to the fornix) and 
posteriorly (avoiding injury to the venous angle and genu 
of the internal capsule). Various techniques have been sug-
gested to combine an ETV with an EBX, including 1) per-
forming 1 bur hole, between both ideal entry points and 
using a rigid endoscope (Fig. 1A);15,20–22,26 2) performing 2 
separate bur holes: one in an “ideal” location for an ETV 
and the second more anteriorly in an “ideal” location for 
a biopsy (Fig. 1B);3,6,13,14,25,27 and 3) using a flexible endo-
scope through a single bur hole.2,8–10,20,23 The limitations of 
these options are a compromise for both the ETV and for 
the EBX when using a single bur hole and rigid endoscope, 
the need for 2 entry points and trajectories in the second 
option, and compromised visual quality and technical 
limitations using only a flexible endoscope. To overcome 

abbreviatioNs EBX = endoscopic biopsy; ETV = endoscopic third ventriculostomy; IVH = intraventricular hemorrhage.
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obJect Tumors leading to occlusion of the sylvian aqueduct include those of pineal, thalamic, and tectal origins. 
These tumors cause obstructive hydrocephalus and thus necessitate a CSF diversion procedure such as an endoscopic 
third ventriculostomy (ETV), often coupled with an endoscopic biopsy (EBX). Lesions located posterior to the massa 
intermedia pose a technical challenge, as the use of a rigid endoscope for performing both an ETV and EBX is limited. 
The authors describe their experience using a combined rigid and flexible endoscopic procedure through a single bur 
hole for both procedures in patients with posterior third ventricular tumors.
methods Since January 2012, patients with posterior third ventricular tumors causing hydrocephalus underwent dual 
ETV and EBX procedures using the combined rigid-flexible endoscopic technique. Following institutional review board 
approval, data from clinical, radiological, surgical, and pathological records were retrospectively collected.
results Six patients 3.5–53 years of age were included. Lesion locations included pineal (n = 3), fourth ventricle (n = 
1), aqueduct (n = 1), and tectum (n = 1). The ETV and EBX were successful in all cases. Pathologies included pilocytic 
astrocytoma, pineoblastoma, ependymoma Grade II, germinoma, low-grade glioneural tumor, and atypical choroid plex-
us papilloma. One patient experienced an immediate postoperative intraventricular hemorrhage necessitating evacuation 
of the clots and resection of the tumor, eventually leading to the patient’s death.
coNclusioNs The authors recommend using a combined rigid-flexible endoscope for endoscopic third ventriculos-
tomy and biopsy to approach posterior third ventricular tumors (behind the massa intermedia). This technique overcomes 
the limitations of using a rigid endoscope by reaching 2 distant regions.
http://thejns.org/doi/abs/10.3171/2014.9.JNS141397
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these limitations, several authors have mentioned using 
both a rigid and a flexible endoscope for performing both 
procedures (Fig. 1C).7,12,20,21

In the current paper, we present our experience us-
ing a combined rigid and flexible endoscopic procedure 
through a single bur hole for achieving a safer and ideal 
trajectory for an ETV, as well as an effective method for 
performing the EBX.

methods
Between March 2012 and February 2014, 6 patients 

with obstructive hydrocephalus secondary to lesions 
causing aqueductal occlusion underwent surgery at the 
Tel Aviv Medical Center using the combined endoscopic 
technique. After receiving institutional review board ap-
proval, we retrospectively collected data from clinical, ra-
diological, surgical, and pathological records.

surgical technique
Under general anesthesia, patients were positioned 

su pine with their heads fixed in a 3-pin headholder in a 
mildly flexed position. Neuronavigation was used in most 
cases (Brainlab). A single 1-cm bur hole was performed in 
all cases. The location of the bur hole was chosen to enable 
a trajectory through the foramen of Monro to the planned 
location on the tuber cinereum. The trajectory was planned 
as parallel as possible to the basilar artery to decrease the 
risk of vascular injury.

Following bur hole placement, the dura was coagulated 
and opened, and a 12-F peel-away sheath was inserted to 
the ipsilateral ventricle using frameless navigation. Once 
the ventricle was cannulated, CSF samples were sent for 
regular tests as well as cytology and tumor markers (al-
pha fetoprotein and beta human chorionic gonadotropin). 
A rigid endoscope (2 × 4 mm, Oi HandyPro) was then 
inserted into the lateral ventricle and through the foramen 
of Monro to the third ventricle. An ETV was performed 
using a monopolar probe (with or without current as 
needed), followed by enlargement of the orifice using the 
endoscope itself, verifying that the Liliequist membrane 

was open and the prepontine subarachnoid space commu-
nicated.

The rigid endoscope was removed, and a flexible en-
doscope (Neuro-Fiberscope, Storz) was then inserted into 
the third ventricle through the same peel-away sheath. 
The scope was then carefully flexed so that the tip looked 
backward toward the posterior part of the third ventricle. 
In all cases the tumor was clearly visualized. Tumor biop-
sies were obtained using cap forceps. Local bleeds were 
controlled using irrigation and monopolar cauterization. 
As a routine, all patients underwent external ventricular 
drainage for 24–48 hours following surgery.

results
patients

Six patients 3.5–53 years of age (only 1 child) under-
went surgery using the combined flexible and rigid endo-
scopic technique. All patients presented with hydrocepha-
lus-related symptoms (with elevated intracranial pressure). 
Lesion locations included pineal (n = 3), fourth ventricle 
(n = 1), aqueduct (n = 1), and tectum (n = 1) (Table 1 and 
Fig. 2).

endoscopic surgery
Navigation was used in 5 of 6 patients (1 patient had 

significantly large ventricles and thus we did not use navi-
gation). The ETV was uneventful in all cases. In 1 patient, 
the tumor (upper fourth ventricle/distal aqueduct) could 
not be reached by the rigid endoscope and thus a flexible 
endoscope was passed though the aqueduct. In the re-
maining 5 patients, the flexible endoscope was planned to 
be used. Endoscopic biopsy was uneventful in 5 patients 
but caused a bleed in 1 patient (pineoblastoma), which 
subsided with irrigation. During surgery, the interthalamic 
adhesion was observed and spared in 4 patients (the other 
2 patients had no interthalamic adhesion). There were no 
technical difficulties during surgery.

pathology
All specimens were diagnostic. Pathologies included pi-

Fig. 1. Illustrations showing the 3 alternatives for combining an ETV and EBX for posterior third ventricular tumors.  a: A single 
compromised entry, with pulling the endoscope anteriorly and posteriorly for the ETV and EBX, respectively.  b: Two separate 
entries and trajectories.  c: A single entry and the use of a rigid endoscope for the ETV and a flexible endoscope for the EBX. 
Copyright Jonathan Roth. Published with permission. Figure is available in color online only.
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locytic astrocytoma, pineoblastoma, ependymoma Grade 
II, germinoma, low-grade glioneural tumor, and atypical 
choroid plexus papilloma (Table 1). It should be noted that 
in the patient with germinoma a blood sample showed al-
pha fetoprotein and beta human chorionic gonadotropin 
levels that were within normal range.

Three patients underwent resection of the tumor 1 day 
to 15 months after the biopsy. The pathology differed from 
the endoscopic pathology in 1 case (EBX revealed an ep-
endymoma Grade II, whereas resection revealed a low-
grade glioneural tumor).

complications
One patient experienced an immediate postoperative 

intraventricular hemorrhage (IVH) necessitating evacua-
tion of the clots and resection of the tumor (Fig. 2A). This 
patient had a posterior third ventricular hemorrhagic tu-
mor with an enhancing component involving the massa 
intermedia (the final pathology was pineoblastoma). After 

the biopsy procedure, she had a moderate bleed that re-
solved with irrigation, and clots were endoscopically re-
moved. About 2 hours after surgery, her condition acutely 
deteriorated due to a massive IVH that necessitated surgi-
cal evacuation and removal of the tumor. She never recov-
ered from surgery and died of meningitis following addi-
tional CSF drainage procedures. The remaining 5 patients 
had an uneventful course and did not require a shunt.

discussion
Neuroendoscopy is being increasingly used in mod-

ern neurosurgery. In the last few years, the scientific 
community has been struggling to better understand the 
pathophysiological mechanisms of ventricular pathology, 
including tumors and hydrocephalus. We also have tried 
to improve the use of the current available technology. 
Endoscopes are becoming cheaper and can be connect-
ed to many “towers” that are available in hospitals. The 
combination of endoscopes with open techniques is very 
interesting. With the maturation of a new technique and 
keeping the patient’s well-being at the center of attention, 
we can offer a new level of technology and safety. This 
study focuses on the combined rigid-flexible endoscopic 
approach for treating patients with hydrocephalus due to 
tumors causing aqueductal occlusion.

Aqueductal occlusion may arise due to tumors located 
in the pineal, tectal, aqueductal, posterior third ventricle, 
and thalamic regions. These deep-seated lesions often 
present with obstructive hydrocephalus in an acute or 
semiacute manner. Despite their mass effect (causing aq-
ueductal occlusion), resection of these lesions is not always 
necessary, such as with pineal germ cell tumors, tectal or 

TABLE 1. Location and pathological findings in each patient

Tumor 
Location EBX Finding

Final Pathology 
(following resection)

4th ventricle JPA JPA
Pineal Pineoblastoma Pineoblastoma
Pineal Atypical CPP
Aqueduct Ependymoma Grade II Low-grade glioneural tumor
Pineal Germinoma
Tectal Low-grade glioneural tumor

CPP = choroid plexus papilloma; JPA = juvenile pilocytic astrocytoma.

Fig. 2. Magnetic resonance images showing posterior third or fourth ventricular tumors. Note the location of the massa intermedia 
more anterior to the tumor (b, d, and F).
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aqueductal tumors, and some of the thalamic tumors. Of-
ten, the most important treatment is CSF diversion and 
evaluation of CSF markers and cytological sampling, and 
obtaining a biopsy of the tumor. Over the last 2 decades, 
ETV coupled with an EBX has become the mainstream 
treatment for these lesions.

Performing concurrent ETV and EBX for a posterior 
third ventricular lesion necessitates 2 separate trajectories, 
both through the foramen of Monro: an anterior trajec-
tory for the ETV and a posterior trajectory for the EBX. 
The anterior trajectory is planned more or less parallel 
to the basilar artery (to avoid vascular injury), while the 
posterior trajectory enables a clear view and access to the 
posteriorly located tumor. Often, especially with relatively 
small and posteriorly located tumors, there is a large angle 
between the trajectories. This large angle limits the ability 
to use a single ideal entry for both an ETV and an EBX. To 
overcome these limitations, various techniques have been 
applied, each with its pros and cons. One of these tech-
niques is to perform one “compromised” bur hole, mid-
way between the ideal entry sites (Fig. 1A). This compro-
mised entry site enables good access to both targets with 
a reduced movement relative to the actual entry trajecto-
ry.15,20–22,26 The compromised location of the bur hole will 
impose some (but probably of limited clinical importance) 
pressure on the fornix (when performing the ETV) and 
on the posterior border of the foramen of Monro (when 
performing the EBX). In this technique, a rigid endoscope 
is used. This technique is applicable especially when the 
tumor is not located extremely posteriorly or when it is 
larger than about 2 cm. Morgenstern and Souweidane sug-
gested using the massa intermedia as a theoretical border, 
and they recommended using 2 bur holes for lesions situ-
ated behind the massa intermedia and 1 bur hole for le-
sions extending anterior to the massa intermedia.17

A second technique is to perform 2 separate bur holes, 
each one planned for a separate trajectory (Fig. 1B). The 
ETV entry is usually at the midpupillary line, about 1–2 
cm anterior to the foramen of Monro, while the EBX en-
try is placed more anteriorly, at the hairline. Navigation 
is used to identify the ideal locations of these entry sites. 
Usually, a rigid endoscope is used for both procedures. 
Despite several authors recommending this technique, the 
major drawback is the need for 2 bur holes and 2 separate 
transcortical passes.3,6,13,14,25,27

A third technique is to perform 1 bur hole but use a 
flexible endoscope.2,8–10,20,23 The flexible endoscope may 
be flexed anteriorly and posteriorly to reach the tuber ci-
nereum or the tumor site and is used to perform both the 
ETV and the EBX. Another variant of this option was 
described by Oi et al. in 2000: performing an additional 
anterior bur hole for applying a rigid endoscope for in-
spection of the tumor region as well as documenting the 
presence of “sugar coating” tumor spread, which may not 
be evident on MRI and may be less visible using a flexible 
endoscope with relatively inferior optical quality com-
pared with the high-definition rigid endoscopic system.19 
The main advantage of the flexible endoscope is its ability 
to reach both distant locations with only 1 entry (and corti-
cal pass). Additionally, it may be possible to reach tumors 
that are not accessible by a rigid endoscope even when 
performing a more anterior entry, such as aqueductal tu-

mors and tumors in the fourth ventricle. The major limita-
tion of this technique is the reduced visual quality as well 
as the smaller working channels of the flexible endoscopic 
systems, which limit the ability to identify tumor spread, 
as well as potentially affect safety and ease of performing 
the ETV relative to a rigid endoscope.

A fourth technique, which is described in this paper, 
is to perform 1 entry hole (located according to the ideal 
trajectory for an ETV) and to use a rigid endoscope for 
anatomical inspection, evaluation of tumor spread, and 
performing an ETV, and to use the flexible endoscope 
for performing the EBX (Fig. 1C). This technique has 
been mentioned by other authors as part of larger series 
in which pineal tumors as well as posterior fossa tumors 
were treated. However, despite the intuitive combina-
tion of endoscopes, this technique is underrepresented in 
the literature, and these authors have not focused on the 
qualities of this combination as opposed to the other tech-
niques.7,12,20,21

We believe that for posterior third ventricular tumors 
located posterior to the massa intermedia, especially for 
small pineal, aqueductal, and tectal tumors (excluding 
typical tectal gliomas), as well as select cases of fourth 
ventricular tumors, the flexible endoscope enables easy 
access to these locations without imposing excessive pres-
sure on the posterior border of the foramen of Monro. 
Additionally, using the rigid endoscope for the ependy-
mal inspection and for performing the ETV gives the sur-
geon the best quality instruments for this straightforward 
procedure. We believe that nowadays, since endoscopic 
equipment is becoming easily available to many surgeons, 
a combination of tools should be encouraged given that 
the patient’s safety and ease of procedure are improved.

It is important to note that as opposed to the rigid-flex-
ible endoscopic technique described above (that is, using 
the rigid endoscope for the ETV and the flexible endo-
scope for the EBX), a different combined approach may 
be applied, using the rigid endoscope for performing the 
EBX, followed by the flexible endoscope for the ETV. The 
advantages of such an approach are a single entry to the 
ventricle, better quality endoscope for the EBX, as well 
as large biopsy specimens and improved equipment avail-
ability for the biopsy. The major disadvantages are when 
there is a large massa intermedia obstructing the view of 
the rigid endoscope, and in tumors located in the lower 
part of the aqueduct, or in the fourth ventricle, beyond the 
reach of a rigid endoscope.

We recommend the routine use of navigation planned 
according to the goal of the rigid endoscope (either paral-
lel to the basilar artery for an ETV, or toward the tumor 
if used for the biopsy). This may be spared in cases of 
significantly large ventricles.

The main limitation of these combined approaches is 
the need for 2 endoscopic systems. We believe that as en-
doscopy is being more widely used, it will be more readily 
accessible. Beyond the instrumentation used for combin-
ing ETV and EBX, there is controversy regarding whether 
to perform the ETV before the EBX, or vice versa. Au-
thors advocating for performing the ETV first state that 
EBX may lead to a bleed, which will obscure the ability 
to perform a safe ETV.7,9,15,21,22 As the major (and acute) 
cause for deterioration is usually hydrocephalus, the pri-
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mary goal of surgery is the ETV, and thus these authors 
recommend that it should be done first. On the other hand, 
authors advocating for starting with EBX claim that per-
forming an ETV first will increase the risk for tumor 
seeding through the ETV to the cranial and spinal sub-
arachnoid space.4,19,23,24 Thus, after the EBX they irrigate 
excessively and only then perform an ETV. Several studies 
have shown that EBX does not increase the risk for lepto-
meningeal spread of tumors, and thus we advocate to start 
with an ETV.11,16,23

Another point of dispute is the accuracy of EBX per-
formed using a flexible versus a rigid endoscope. The flex-
ible EBX forceps are smaller than those of rigid systems, 
affecting the size of the biopsy specimen. Thus, several 
authors have postulated that specimens obtained with the 
flexible endoscope are more susceptible to sampling er-
ror.1,7 On the other hand, others have not demonstrated 
any reduced rate of diagnosis using the flexible endo-
scopes.2,10,18,20

safety
Endoscopic biopsy poses a risk for hemorrhage. In 2 

large series of 293 and 714 biopsies reporting on the hem-
orrhagic rate, the following results were noted. In the first 
series, moderate to severe IVH occurred in 19% of pa-
tients and 75% had a mild bleed following the biopsy.5 In 
the second series, 1.4% had an intratumoral hemorrhage 
and 2% had IVH.11 The reason for this significant hemor-
rhagic rate difference may be explained by study popula-
tion diversity, as well as different surgical techniques and 
different tumor locations and pathologies. In the current 
series we experienced 1 moderate bleed following the bi-
opsy. After intraoperative cessation of the hemorrhage, the 
patient suffered from a significant postoperative hemor-
rhage, leading eventually to her death. Despite this dev-
astating outcome, diagnostic options are limited in these 
cases. CSF markers are negative in non–germ cell tumors 
(such as in this patient, who harbored a pineoblastoma), 
and stereotactic biopsies entail similar risks and are less 
controlled, especially in the posterior third ventricle. Us-
ing a rigid endoscope enables better instrumental versa-
tility; however, especially in friable tumors, the primary 
technique for bleeding control is irrigation (as was done 
and in a successful manner in this case). Using the flex-
ible endoscope enables improved access to a larger tu-
mor region, thus enabling the surgeon to better choose a 
seemingly safer region for the biopsy. We conclude that in 
select cases of hemorrhagic tumors, an open biopsy (and 
possibly a resection) is safer and more controlled than an 
EBX. In these cases, an ETV should be done first, fol-
lowed by an open biopsy or resection (after verifying neg-
ative markers).

conclusions
We recommend using a combined rigid-flexible endo-

scope for endoscopic third ventriculostomy and biopsy for 
the treatment of posterior third ventricular tumors (behind 
the massa intermedia), tumors located in the aqueduct, and 
tectal tumors (nontypical tectal gliomas) that cause sec-
ondary hydrocephalus. We believe that both endoscopes 

complement each other, enhancing ease of procedure and 
patient safety.
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