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Endoscopic Aqueductoplasty and Stenting for
Isolated Fourth Ventricle
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Isolated fourth ventricle(IFV] is a rare entity producing symptoms of a progressive posterior fossa mass lesion. It is mainly
reported in a patient who undergo shunt placement as its late complication. However, its surgical management has been
difficult and its optional treatment remains controversial. We had an occasion to admit 19-year-old female to our hospital
due to hydrocephalus : she had a history of meningitis when she was 2 years old. Ten years later, she was diagnosed as
hydrocephalus and managed by lateral ventriculo-peritoneal shunting procedure. Seven years after the procedure, the
patient presented with headache, nausea, truncal ataxia and nystagmus. Computed tomography and magnetic resonance
image scan demonstrated markedly enlarged fourth ventricle : and thus, neuroendoscopic aqueductoplasty and aqueductal
stent insertion was performed. The authors present a case of an IFV after lateral ventriculo-peritoneal shunting for hydrocephalus,
which was treated successfully with a neuroendoscopic surgery. The technique of this procedure is described below.
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Introduction

I solated fourth ventricle(IFV) is a rare entity that is most
often reported in children as a complication of shunting for
hydrocephalus that developed after inflammatory diseases
such as infection and hemorrhage®*”'*'"'¥_1n the literature,
this unusual entity has been variously described such as isol-
ated'"", trapped™”, encysted'?, occluded”, sequestrated'
fourth ventricle, or double compartment hydrocephalus®. Signs
and symptoms of IFV include neck pain or stiffness, ataxia,
tetraparesis, and altered level of
consciousness. IFV may result in
rapid deterioradon of consciousn-
ess in a patient with shunted lateral

1819 Therefore, urgent

ventricle
surgical management is needed in
symptomatic IFV patients. Trea-
tment options of the IFV include

open surgery, cerebrospinal fluid

in the IFV patients remains controversial.

We report a case of the IFV developed following lateral ve-
ntricle shunt placement for hydrocephalus and treated succ-
essfully with neuroendoscopic aqueductoplasty and aqueductal
stent insertion.

Case Report

19-year-old female patient was admitted to our hospital
with complaint of severe headache, which was associated

(CSF) diversion, and endoscopic
surgery. However, surgical man-
agement of the IFV has been pr-
oblematic and optimal treatment

e, L e

Fig. 1. A : Preoperative T1 —weighted sagittal magnetic resonance MR imaging demonstrates mild
enlargement of third and lateral ventricles and markedly dilated fourth ventricle with aqueductal
stenosis. B and C © Preoperative T2—weighted axial MR image reveals mild enlargement of lateral
and third ventricles and marked dilatation of the fourth venfricle with periventicular edema.
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with occasional nausea and vomiting. Her headache was not
relived by analgesics. In the medical history of the patient,
she was treated for bacterial meningitis when she was 2 years
old. Ten years after meningitis, the patient was underwent
ventriculo-peritoneal shunt for hydrocephatus. Neurological
examination revealed truncal ataxia and nystagmus.

Brain Magnetic Resonance(MR) images showed mild enl-
argement of lateral and third ventricles and marked dilaration
of the fourth ventride (Fig. 1). Under the presumptive diagnosis
of isolated fourth ventricle and malfunction of shunt, we pe-
rformed endoscopic aqueductoplasty and stent placement with
change of the shunt devices.

Surgery

Under general anesthesia, this patient underwent neuroen-
doscopic intraventricular approach. At first, a frontal burr hole
was made just behind the hairline and 2.5¢m lateral to the

Fig. 2. Neurcendoscopic view. Stent placement in the orifice of the
aqueduct (armow} with ventricular catheter (asterisk). ant : antetior, post
posterior.

Fig. 3. Lateral skull x—ray(A) and computed tomography scons(B) show
the catheter passing through the lateral ventricle, third ventricle, and
cerebral aqueduct and devices of lateral ventriculo—peritoneal shunt.
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midline in the right
frontal bone. This far
frontal burr hole m-
akes it easier to reach
the posterior third v-
entricle without str-
etching the fornices
at the foramen of M-
onro. The neuroen-
doscope (Aesculap
AG, Turdingen, G-
ermany) with outer d-
fameter of 2mm and
trocar with outer di-
ameter of 6mm was

Fig. 4. Computed tomography scan ob—
tained 6 month after surgery shows marked
reduction in size of the fourth ventricle.

inserted into the la-
teral ventricle and standard anatomical landmark were iden-
tified. The neuroendoscope was advanced through the foramen
of Monro into the third ventricle. We identified the memb-
ranous occlusion of the aqueduct. Aqueductoplsty was perf-
ormed with 3-French Fogarty balloon catheter and neuroe-
ndoscope was withdrawn. We prepared the ventricular catheter
and made multiple slits on the side wall of the catheter. And
then, we reinserted the 2-mm diameter neuroendoscope which
was actached with the ventricular catheter without trocar.
Under neuroendoscopic direct visualization of the aqueduct,
the catheter was introduced through the aqueduct into the
fourth ventricle (Fig. 2). After withdrawal of the neuroend-
oscope, the distal end of the catheter was occluded and anc-
hored to the burr hole to prevent migration of the catheter.
And then, we removed the previously placed shunt devices and
reinserted new shunt materials.

Postoperative course

The patient made an uneventful recovery. Her preoperative
symptoms including headache, ataxia, nystagmus improved
gradually. The patient was discharged without any complic-
ation. At 6 months follow-up, the patient was fully independent
and lateral skull x-ray study and computed tomogtaphy scan
revealed the correct position of the catheter (Fig. 3) and the
marked reduction of the size of the fourth ventricle (Fig. 4).

Discussion

ince the first report on the symptomatic expansion of the

fourth ventricle secondary to prolonged shunting of the
lateral ventricle by Hawkins et al.'”, diagnosis of the isolated
fourth ventricle(IFV) has increased with the advent of modern
neuro-imaging modality although it is still rarely encountered
by the general neurosurgeon.
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Most cases of IFV occur following a prolonged lateral ve-
ntricular shungting after post-meningitic or post-hemorrhagic
hydrocephalus. The pathogenesis of IFV involves the obstr-
uction of the fourth ventricle outflow and morphological or
19 Fourth ventricle
outflow obstruction results directly from hemorrhage or me-
ningitis by occlusion of the outlets. Occlusion of the aqueduct
related to transtentorial pressure gradient following lateral

functional occlusion of the aqueduct

ventricular shunt placement. Because decreased supratentorial
pressure by shunt placement in the lateral ventricle reduces the
pressure keeping the aqueduct open.

Although the treatment options in the symptomatic IFV
patients include open surgery, cerebrospinal fluid(CSF) div-
ersion, and endoscopic surgery, treatment of IFV has been a
difficult problem. Open surgery in the IFV includes fenest-
ration of the fourth ventricle and aqueductal membrane to
establish communication between supra- and infratentorial
ventricular systems®. However, open surgery has been associated
with high morbidity and risks of brain stem injury*?. So, this
technique was not adopted widely.

In the literature, the majority of the IFV have been treated
with shunt procedure because this is simple and familiar me-
thod to general neurosurgeons. However, the morbidity rate
of the placement of fourth ventricular catheters is significa-
1121522 Most complications relates to the brain stem nuclei,
oculomotor pathways, and cranial nerves. These complicat-
ions occur at the time of catheter placement or by touching
the floor of the fourth ventricle as fourth ventricle decreases

nt

in size.

Recent advances in neuroendoscopic surgery enable to pe-
rform endoscopic aqueductal plasty with a transluminal ba-
lloon in the IFV patients, but the results of aqueductal plasty
alone have not always been favorable'**. Teo et al.™ reported
that 16 patients with IFV and 4 patents of them were treated
by endoscopic aqueductal plasty either with a stent (1 patient)
or without (3 patient). In their report, one patient had intr-
aoperative closure of the aqueduct, and in another patient, it
closed 8 weeks after surgery. Because of their experience, they
adopted the practice of always following aqueductal plasty
with the placement of a stent. They mentioned that none of
the stents in their series of the patients has migrated and pl-
acement of a stent after aqueductal plasty is the rule. Recently,
Fritsch et al.” analyzed 27 patients who underwent endoscopic
aqueductoplasty or endoscopic interventriculostomy with or
without a stent for the treatment of aqueductal stenosis(AS)
or isolated fourth ventricle. They divide the patients into three
groups and proposed the strategies of treatment. Group 1
consisted of 5 patients with membranous distal AS. Group 2
consisted of 4 patients with AS due to a periaqueductal tumor.
Group 3 consisted of 18 patients with IFV. They reported

that patients with membranous distal AS were treated suffi-
ciently with aqueductoplasty alone. But, in patients with IFV
and a history positive for intraventricular hemorrhage or me-
ningitis it is very unlikely that aqueductoplasty alone will stay
open. Eight of 18 patients with IFV were initially treated with
aqueductoplasty alone. Of them, six patietns experienced re-
stenosis. Five patients underwent aqueductoplasty with a stent.
There was no revision in these five patients. Three patients
underwent interventriculostomy without a stent and one of
them experienced restenosis. Two patients underwent inter-
ventriculostomy with a stent and there was no revision. The
high revision rate in this group has led to a change in treatment
strategy toward initial stent placement. And they mentioned
that patients with tumor-associated AS also should be perf-
ormed stent placement. In our patient, since the patient had
IFV with a history of meningitis, we chose the endoscopic
aqueductoplasty and stent placement.

The key issue in the endoscopic approach to the aqueduct is
that the aqueduct is not straight tube has a curved shape. If
the burr hole is placed Sem anterior to the coronal suture, su-
rgeon comes in a straight line through the foramen of Monro
to the entry of the aqueduct without stretching the fornices at
the foramen of Monro. However, if the surgeon continues in
a straight line, injury to the roof of the aqueduct, i.e. the tectal
plate, will occur. Therefore, Schroeder et al.*” recommended
that surgeon should bend the tip of the catheter to enable
passage through the aqueductal lumen into the fourth ventricle.
And they also mentioned that the flexible scope is very helpful
for perforating membranous occlusions, especially when they
are located far distally within the aqueduct and cannot be
observed with rigid rod-lens scope. Although aqueductoplasty
is generally considered more risky than third ventriculostomy
because of the surrounding delicate midbrain structures, there
have been some reports on the endoscopic aqueductal stent
placement as a safe procedure to recanalize occlusion of the
aqueduct with no significant morbidity™'®'”*?. In the litearture,
the most common complication was opthalmoparesis, however,
most were transient®”. In the present case with IFV, endos-
copic aqueductoplasty and stent placement resulted in excellent
outcome without any complication and morbidity.

Conclusion

\ x 7 e successfully treated the patient with IFV by endo-

scopic aqueductoplasty and stent placement. Neur-
oendoscopy as a procedure in hydrocephalus treatment has
resolved many problems that exist with the shunt operation.
We think that the combination of endoscopic aqueductoplasty
and stent placement under direct visualization is an ideal
method in the treatment of IFV.
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