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Endoscopic Surgery for Obstructive Hydrocephalus

Joong-Uhn Choi, Dong-Seok Kim, and Se-Hyuk Kim

—— Abstract

Endoscopic surgery is popular in the neurosurgical field. The purpose of this study was to determine the role of endoscopy
in obstructive hydrocephalus. From 1989 to 1999, ‘we performed 81 endoscopic third ventriculostomies and 10 septostomies.
Seventy-one of 81 operations ‘were petformed with endoscopic third ventriculostomy alone and 10 patients had endoscopic
third ventriculostomy and ventriculoperitoneal shunt simultaneously. Age distribution varied from 2 months to 62 years
of age. Our selection criteria included aqueductal stenosis (39 patients) and obstructive hydrocephalus due to tumor or
cyst (42 patients). The most common candidate for endoscopic septostomy was atresia of the foramen of Monro (4 patients).
Endoscopic septostomy was also performed to simplify shunting in patients with multiseptated ventricle due to shunt
infection, germinoma, thalamic tumor, craniopharyngioma, cyst and brain abscess. Sixty-five of 71 patients who were treated
with endoscopic third ventriculostomy alone showed successful results (91.5%). However, 6 patients had unsatisfactory results
and they needed a ventriculoperitoneal shunt. With no mortality, transient surgical complications were observed in 7
patients: 2 transient diabetes insipidus from electrical injury to the pituitary stalk, 1 epidural hematoma from sudden
drainage of CSF, 1 delayed intraventricular hemorrhage, 2 obstruction of fenestration site and 1 transient memory disturbance
from injury to the fornix. Endoscopic septostomy was useful in simplifying shunting in all cases with complicated
hydrocephalus. Endoscopic surgery is straightforward and effective in appropriately selected cases with obstructive hy-

drocephalus.
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INTRODUCTION

In the era before the shunting of cerebrospinal fluid,
the most common operation for the relief of ob-
structive hydrocephalus was third ventriculostomy."”
Third ventriculostomy was first performed by Dandy
in 1922.° Unfortunately, this operation had a high
failure- rate when the hydrocephalus was congenital,
and it had a significant surgical morbidity rate.”"
The development of the valved shunt by Nulsen and
Spitz in 1951 revolutionized the management of
hydrocephalus. However, in the long term, shunting
“for hydrocephalus still has numerous drawbacks
related to shunt malfunction and infection. In part,
the report by Guiot that third ventriculostomy using
stereotactic methods could be safe and easy sti-

.14 .
mulated our curiosity.  Interest was further stimu-
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lated by the report of Sayers and Kosnik that third
ventriculostomy was effective for the control of con-
genital hydrocephalus if it was preceded by a period
of low-pressure shunting.”

Mixter had actually performed endoscopic third
ventriculostomy as early as 1923, but the procedure
never became popular because of the large diameters
and poor illumination of the existing instrumen-
tation.'® This situation changed in the 1960s with the
development of fiberoptic technology. The incorpora-
tion of this technology into endoscopic equipment
permitted the construction of small-diameter endo-
scopes with high-intensity external light sources.'”°

The author has performed endoscopic surgery in 91
patients with obstructive hydrocephalus since 1989,
and now reports the results of this procedure with a
review of the literature. ‘

MATERIALS AND METHODS
Patient selection

Obstructive hydrocephalus is a primary indication
for endoscopic third ventriculostomy. Our selection
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criteria include aqueductal stenosis and obstructive
hydrocephalus due to tumor or cyst. Endoscopic third
ventriculostomy is not suitable for patients who have
had meningitis or subarachnoid hemorrhage, or who
have congenital hydrocephalus.

The most common candidate for endoscopic third
ventriculostomy in our seties was aqueductal stenosis,
which included 39 cases. Other causes were 15 tectal
tumors, 11 pineal tumors, 10 posterior fossa tumors,
2 cavernous malformations on midbrain, 2 obstruc-
tions of fourth ventricular exit, 1 thalamic tumor, and
1 Dandy-Walker cyst. The most common candidate
for endoscopic septostomy was atresia of foramen of
Monro (4 patients). Endoscopic septostomy could be
also used to simplify shunting in patients with iso-
lated ventricle after shunting, multiseptated ventricle
due to shunt infection, germinoma, thalamic tumor,
craniopharyngioma, and brain abscess.

Diagnostic work-up

Routine preoperative work-ups were computed
tomography, radioisotope cisternography, CSF flow
study with phase contrast cine MR and cine MR.

Radioisotope cisternography is useful in confirming
obstruction or isolation in some portion of the ven-
tricle. However, it has the risk of tonsilar herniation
and radiation hazard. MR imaging provides important
information concerning the morphology of the third
ventricle and allows the identification of an ap-
propriate puncture site in the floor of the third
ventricle. CSF flow study with phase-contrast cine
MR is useful in quantitatively evaluating CSF dy-
namics in patients with hyperdynamic aqueductal CSF
or aqueductal obstruction. Cine MR would also
provide beautiful views of CSF flows via the ventri-
culostomy site in the floor of the third ventricle after
endoscopic third ventriculostomy.

Instrumentation

Instrumentation for endoscopic third ventriculos-
tomy consists of a 30-degree Hopkins pediatric tel-
escope (Karl Storz, Tuttlingen, Germany) with an
outside diameter of 2.7 mm, a sheath for the tel-
escope with an outside diameter of 3.8 mm, a stylet,
coagulating electrodes, a Nd-Yag laser system, a
fiberoptic light guide, a Xenon light source and an
endovision system. We used the rigid type only for

third ventriculostomy, but a steerable endoscope can
be used with the advantage of changing the direction
of view in manipulating intraventricular structures.
For perforating the third ventricle floor, monopolar-
coagulating electrode was applied via the working
channel. The Nd-Yag laser system was used on a
low-wattage setting to incise the septum. Therefore,
we could create CSF communication between the
isolated ventricle and normal CSF pathways. An -
irrigation system with a warm normal saline solution
via the telescope sheath was useful and essential in
maintaining clear vision during endoscopic proce-
dures. ‘

Operative technique

Third ventriculostomy is performed under general
anesthesia. The patient is positioned supine, and
routine skin preparations and draping are used for a
burr hole. A burr hole is made | cm in front of the
coronal suture and 2—3 cm lateral to the midline.
The right lateral ventricle is tapped using a ven-
tricular catheter through the burr hole, and a pee-
laway catheter is placed via a tract. The tip of the
tapping catheter is directed to the glabella and tragus
of the right ear. The telescope with sheath is then
advanced into the lateral ventricle through the pee-
laway catheter. The foramen of Monro is identified,
and the telescope is then advanced through the
foramen to visualize the floor of the third ventricle.
The site for third ventriculostomy is located halfway
along the midline between the infundibular recess and
the mamillary body. In some cases of severe hydro-
cephalus, the dome of the basilar artery is visualized
in front of both mamillary bodies. To perforate the
third ventricular floor, the coagulating electrode is
advanced via a working channel in the sheath.
Monopolar electrocoagulation with the electrode can
easily perforate the third ventricular floor under direct
vision (Fig. 1). Sometimes the telescope can be
advanced through a thinned coagulated portion of the
third ventricle floor. A flow of CSF through the hole
is usually seen after perforation. The hole is enlarged
with the insertion of the telescope and the basilar
artery in the interpeduncular cistern is usually in-
spected. The telescope and its sheath are removed and
the cortical incision is packed with a piece of gelfoam.
The wound is closed and an epidural pressure mon-
itoring sensor can be inserted for postoperative
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Fig. 1. Endoscopic appearance of third ventricular floor. Left: Before ventriculostomy. Center: After ventri-
culostomy. Right: Endoscope is advanced through the hole into the interpeduncular cistern. M, mamillary body;
OC, optic chiasm; Arrow, site of vemtriculostomy;, BA, basilar artery.

Fig. 2. Brain MRI of a 16-year-old boy with tectal tumor. A:
Before ventriculostomy. Aqueductal stenosis and dilated lateral
ventricle are seen. B: After ventriculostomy. Flow void is clearly seen
between the third ventricle and interpeduncular cistern (arvow).

intracranial pressure (ICP) monitoring.

Postoperative management and assessment of out-
come

Initially, ICP is monitored for 48h until a trend
is established. In patients who show high ICP for over
48 hours postoperatively, lumbar drainage of CSF has
been tried for 1 week. Brain MRI with T2-weighted
axial and T2-weighted mid-sagittal thin slices is
performed on the 10th postoperative day. A flow void
in the floor of the third ventricle can usually be seen
(Fig. 2).

The assessment of outcome is based on a com-
bination of (a) resolution of symptoms of raised
ICP, (b) ICP measurements, and (c) a neuroimaging
study, e.g., MRI with a CSF flow study or cine MR

(Fig. 3).
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There are two possible results:

1. Success, i.e., the patient does not need a shunt
and has improved clinical symptoms;

2. Failure, i.e., there was no significant alteration
in symptoms in the postoperative period and the
patient required placement of an extracramal shunt
postoperatively.

RESULTS

Eighty-one patients with obstructive hydrocephalus
underwent endoscopic third ventriculostomy. Ten of
the 81 cases had third ventriculoperitoneal shunt
simultaneously (group B), because we thought that
these patients might possibly have CSF absorption
problems. Sixty-five out of 71 patients treated with
endoscopic third ventriculostomy alone (group A)
were successful (91.5%) (Table 1). Among the 65
successful cases, 5 patients showed delayed milestones.
Temporary CSF drainage from lumbar puncture was
helpful to maintain the subarachnoid CSF pathway for
these patients.

Endoscopic surgery failed in 6 cases who had to be
treated with ventriculoperitoneal shunt (Table 2).
Three of the 6 failed cases were patients with aque-
ductal stenosis under the age of | year. The other
failed cases were a 14-year-old boy who had aqued-
uctal stenosis due to tectal tumor, and a 12-year-old
boy with a pineal tumor. Endoscopic surgery in those
2 patients was early in our experience. We thought
that this failure might be related to minor bleeding
around ventriculostomy site. We judged failure of
endoscopy after 48 hours of ICP monitoring, but
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Fig. 3. CSF flow study using phase-contrast cine MR. Left: Preoperative CSF flow dynamics. CSF flow at prepontine cistern is irregular pastern.
Right: After endoscopic third vemtviculostomy, postoperative CSF flow study reveals that the flow velocity and stroke volume definitely increased

at the prepontine cistern compared to preoperative study.

Table 1. Results of Endoscopic Third Ventriculostomy (Group A)

i QOutcome

Causes of hydrocephalus Number of patients
Success Failure

Aqueductal stenosis 27 23
Aqueductal stenosis with tectal tumor 11 10 1
Aqueductal stenosis, s/p V-P shunt 6 6
Obstruction of fourth ventricle exit 2 2
Pineal tumor 11 10 1
Thalamic tumor 1 1
Posterior fossa tumor 10 10
Cavernous malformation on midbrain 2 2
Dandy-Walker cyst 1 1
Total 71 65 (91.5%) 6 (8.5%)

Table 2. Unsuccessful Endoscopic Third Ventriculostomy
(Failed Group A)

Causes of hydrocephalus Sex Age Treatment
Adqueductal stenosis M 8/12 V-P shunt
Aqueductal stenosis M 2/12 V-P shunt
Aqueductal stenosis,

Post-hemorrhagic* M 5/12 V-P shunt
Aqueductal stenosis,

Post-hemotrhagic*® M 33 V-P shunt
Tectal tumor M 14 V-P shunt
Pineal tumor M 12 V-P shunt

* Obstruction of ventriculostomy site.

these cases might have been successful if we had tried
lumbar CSF drainage for over 1 week.

The other group (Group B) of our series consisted
of 10 patients who had been treated with endoscopic
third ventriculostomy and ventriculoperitoneal shunt
simultaneously. Six patients had ventriculoperitoneal
shunt owing to aqueductal stenosis previously at other
hospitals, and they had presented with shunt mal-
function. These patients were treated with third
ventriculostomy with shunt revision. The other four
cases presented with hydrocephalus with posterior
fossa tumor under the age of 1 year. These patients
were treated with third ventriculostomy with shunt
revision. The other 4 cases presented with hydro-
cephalus with posterior fossa tumor under the age of
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Fig. 4. Endoscopic septostomy. A: Before septostomy. Brain MRI showed obstructive hydrocephalus due to
bilateral obstruction of the foramen of Monvo by suprasellar germinoma. We confirmed the obstruction of the
Joramen of Monvo by suprasellar germinoma with endoscopic view. B: Brain MRI showed complete resolution
of hydrocephalus 2 weeks after septostomy and ome course of chemotherapy with PE regimen. Endoscopic view
showed the contralateral ventricle through the septostomy site.

I year. These 10 patients were thought to need
prompt relief of high intracranial pressure or they
would have CSF absorption problems. Sixteen patients
who had been treated with endoscopic third ven-
triculostomy and ventriculoperitoneal shunt (10 pa-
tients in group B and 6 patients with failed results
in group A) have not had any shunt revisions for the
last 5 years. '

There has been no operative mortality in our series
of 81 patients. However, we did have postoperative
complications in 7 patients: 2 transient diabetes insi-
pidus from the electrical injury to pituitary stalk, 1
transient memory disturbance from the injury to
fornix, 1 epidural hematoma from sudden drainage of
CSF, 1 delayed intraventricular hemorrhage, and 2
obstruction of fenestration site. The IVH resolved
spontaneously, and the epidural hematoma was evac-
uated and the patient did well. Two patients showed
a thick third ventricular floor, through which we
failed to achieve fenestration during endoscopy. These
2 cases were excluded from our series.
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. Endoscopic septostomy was performed in 10 pa-
tients with isolated ventricle owing to atresia of the
foramen of Monro, multiseptated ventricle due to
shunt infection, germinoma, thalamic tumor, cranio-
pharyngioma, cyst and brain abscess. This procedure
was useful in simplifying the shunting in all cases
(Fig. 4).

DISCUSSION
History of neuroendoscopy

Neuroendoscopy was first performed in 1910 by
V.L. I'Espinasse, a surgeon from Chicago. He used a
rigid cystoscope to fulgurate the choroid plexus
bilaterally in 2 infants. One child died immediately
and the other lived for 5 years. The event received
little attention and passed almost unnoticed at the
time. In 1922, Dandy used a rigid cystoscope in an
attempt at choroid plexus fulguration in 2 patients.
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The instrument was primitive and the procedures
were only “partially successful”. Dandy correctly
predicted that ventriculoscopy would be replaced by
newer indirect methods of imaging the intracranial
contents.”

In 1923, Mixter performed the first endoscopic
third ventriculostomy in a 9-month old girl with
advanced obstructive hydrocephalus due to aque-
ductal stenosis.'® He introduced a small urethroscope
into the lateral ventricle and then through the dilated
foramen of Monro. Under visual guidance, he pushed
a flexible sound through the floor of the third ven-
tricle and successfully connected the third ventricle
with the basal subarachnoid space.

Although investigators continued to perform ven-
tricular endoscopy, the procedure gradually fell out of
favor. Its primary use was to inspect the ventricles,
or to extirpate or cauterize the choroid plexus.zL22
Therapy was often ineffective, and morbidity and
mortality rates were very high. Later, improved
neuroimaging techniques made it unnecessary to
inspect the ventricular system directly. In addition,
the development of the valve shunt by Nulsen and
Spitz in 1951 revolutionized the management of
hydrocephalus. However, shunts are troublesome de-
vices, plagued by many complications including
infection, obstruction, misplacement, over-drainage,
and under-drainage, etc.

Technical advances in optics, miniaturization, and
the steerability of instruments have created renewed
interest in neuroendoscopy.za’24 The modern fiberoptic
endoscope appears to provide a simple and safe means
for performing third ventriculostomy. It has the
advantage over the stereotactic technique of requiring
less sophisticated equipment, and allowing direct
visualization of the ventriculostomy site.

Indication

Proper patient selection is crucial to a successful

. . 225,26 1 .
third ventriculostomy. It is first necessary for all
patients to have adequately-dilated third and lateral
ventricles. Jones et el. suggested that a suitable size
for the third ventricle for endoscopic surgery is about

. . 26 .
1 cm bicoronal diameter.” Most successes reported in
the literature were in patients with acquired aqued-
. 22527 . .

uctal stenosis. In our series, aqueductal stenosis
also showed good results, especially in children over
1 year of age. We performed endoscopic third ventri-

culostomy and ventriculoperitoneal shunt simulta-
neously in 6 patients with aqueductal stenosis who
showed malfunction of & previously-inserted shunt
and in 4 young children with posterior fossa tumor
who were supposed to have problems in extra-
ventricular CSF circulation due to previous infection
or hemorrhage. We anticipate that they will become
less dependent on the shunts, which are now com-
municating above the level of the tentorium. If one
could accurately assess the reabsorptive capacity or
patency of the subarachnoid space prior to operation,
it would be helpful in the selection of appropriate
candidates for this procedure.

Several pathologic processes result in compartmen-
talization or isolation of a portion of the ventricular
system, obstructing free drainage of cerebrospinal
fluid. Familiar examples are the development of mul-
tiple septations arising from bacterial or posthe-
morrhagic ventriculitis, unilateral dilatation of the
lateral ventricle due to atresia of the foramen of
Monro, and isolated ventricle due to overdrainage of
CSF after shunting. Of course, obstructive hydro-
cephalus at any level within the ventricular system
represents compartmentalization. Each of these path-
ologic conditions can be very difficult to manage
definitively by either shunt diversion or craniotomy.
In our experience, neuroendoscopy in association with
microtools, especially Nd-yag laser system, that allow
dissection or vaporization can often effectively address
this challenging group of conditions with substantially
less invasiveness and greater operative simplicity.

Diagnostic work-up

The role of radiological study in management of
hydrocephalus is twofold: first to establish that
hydrocephalus is present; and second to determine the
cause if possible. Both CT and MRI can establish the
presence of hydrocephalus, but because of its multi-
planar capability, MRI is superior to CT in-permitting
sagittal, coronal and axial views to be easily obtained.
Furthermore, T2-weighted sagittal image of MRI is
an excellent test to demonstrate the region of the
foramen of Monro which may be occluded because of
adhesions or tumors such as colloid cysts, the
aqueduct which may be stenosed, or occluded, and
the fourth ventricle and its exit foramina which may
be obstructed.

The sensitivity of MR imaging to motion was used
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to advantage in a study performed to characterize
CSF motion in various parts of the neuroaxis. More
recent developments of pulse sequence have allowed
the generation of MR velocity images that yield
quantitative flow information.”®”" Qualitative cine
MR allows a rapid and dramatic evaluation of both
normal and abnormal flow in a visual form.”
Quantitative evaluation that allows calculation of CSF
velocity is also possible.”’ Cine CSF flow studies can
demonstrate the patency of the aqueduct as well as
the flow of CSF through to the fourth ventricle and
then into the basal cisterns. Flow in the pericord CSF
spaces, as well as in the pontine and suprasellar
cisterns, is also easily seen. The signal strength is
dependent on the velocity of the CSF and therefore
ranges between black and white. Using CSF flow
study with phase-contrast cine MR, we could confirm
the patency of the ventriculostomy site and measure
the stroke volume and velocity postoperatively in-
creased compared to preoperative study at the pre-
pontine cistern.

Outcome

Saint-Rose reviewed 2 identical series of patients
with aqueductal stenosis.”” Thirty-eight patients were
treated by insertion of a ventriculoperitoneal shunt
and 30 had a third ventriculostomy. He could achieve
the best results for third ventriculostomy in patients
whom the onset of aqueductal stenosis occurred after
1 year of age; approximately 80% of these patients
are shunt-independent after the procedure. This is
similar to the results in our series. In the group of
patients treated by third ventriculostomy, the ven-
tricle remained enlarged despite clinical normalization
in 60% of the patients. Fifty-eight percent of the
shunted group developed slit-like ventricles on the
CT scan during the same follow-up period. From a
neurological, endocrinologic, social and behavioral
point of view, there was no statistical difference
between the 2 groups.

The major. risks of third ventriculostomy are
hypothalamic dysfunction by extending the fenestra-
tion mto the Vinfunvdizbulalj recess, and hemorrhage
from da'm'ag'e to arteries, ependymal veins, or choroid
plexus. Hoffman et al. reported their experience of
stereotactic third ventriculostomy and reviewed 797
cases treated with third ventriculostomy from the
literature.”” A total of 569 patients were treated with
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open craniotomy and 228 cases with percutaneous
technique, mostly by the stereotactic method. The
overall success rate was about 53%. Operative mor-
tality was 10.3% with the open method and 3.5%
with the percutaneous technique. Hoffman concluded
that endoscopic third ventriculostomy is a less inva-
sive and effective mean of treating obstructive hydro-
cephalus.

We had also experienced some postoperative com-
plications such as transient diabetes insipidus, tran-
sient memory disturbance, epidural hematoma, and
delayed intraventricular hemorrhage. However, these
complications were temporary and the patients did
well. We conclude that endoscopic third ventriculos-
tomy is a safe and effective mean of treating hydro-
cephalus in appropriately selected cases with obstruc-
tive hydrocephalus.
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