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Abstract

Introduction: The most successful surgical management of periventricular and intraventricular cysts is still a matter
of debate. Up to the early 1990s, open cyst fenestration and cystoperitoneal shunts were the only options available.
Recently, different endoscopic approaches to these lesions have gained popularity.

Methods: Fighteen endoscopic procedures were performed for the treatment of arachnoid cysts in 18 patients.
Sylvian fissure arachnoid cysts were excluded from this study. Ten of them were females and eight were males with
their ages ranging from 6 months to 50 years with a mean of 16 years. All patients were prospectively observed.

Results: Seven of the arachnoid cysts were in the suprasellar region, 5 in the quadrigeminal region, 2 in the
posterior fossa, 2 parietal, and 2 intraventricular. Seventeen cases (94%) had hydrocephalus. The main presenting
manifestations were those of increased intracranial pressure. All fenestrations were done in the lateral ventricle
except for the 2 cases with posterior fossa arachnoid cysts, the fenestrations were done to the fourth ventricle.
Endoscopic ventriculocytostomies (VC) were performed in 14 cases without operative complications and no stents
were placed. Endoscopic cystocisternostomies (C) were done in all suprasellar cases. Endoscopic
cystoventriculostomies (CV) were done in 4 cases. The mean surgical time was 1 h. The mean follow-up period was
15 months. Symptoms improved in 17 cases. Seventeen cases demonstrated a significant decrease of the cysts' size
in the postoperative computed tomography (CT) and magnetic resonance imaging (MRI). A single case developed
a complication in the form of subdural hygroma which required no intervention and was managed conservatively.

Conclusion: Endoscopic management of periventricular and intraventricular arachnoid cysts is a useful safe option

in the management of arachnoid cysts related to the ventricular system.
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Introduction
Arachnoid cysts are cerebrospinal fluid (CSF)-containing
lesions located intraarachnoidal and have no communication
with the ventricular system; they represent approximately 1%
of lesions of the intracranial fossa. They are considered as de-
velopmental anomalies, due to their prevalence in children
[1], although the intraventricular type of arachnoid cysts is
rare forming only 0.3% of arachnoid cysts in children [2].
The exact mechanisms of their development are still
unclear. The majority are congenital, but they can also
develop secondary to neurological insults such as head
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injuries, meningitis, hemorrhage, tumors, or postopera-
tively [2, 3].

Theories of their congenital origin are still controver-
sial; the most accepted include cerebral lobe agenesis
and fluid hypersecretion by the lining cells of the cyst
wall, which may explain why certain cysts increase
gradually in size [4], while the long-term behavior of
these cysts is still not well understood [5-7].

Intraventricular cysts are most commonly located at
the temporobasal (34%), suprasellar (21%), cisterna
quadrigemina (18%), paraxial supratentorial (16%), and
other various (10%) regions [8, 9].

Andre classified suprasellar arachnoid cysts (SAC) into
SAC-1 due to the expansion of the diencephalic leaf of
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the Liliequist membrane, SAC-2 due to the expansion of
the interpeduncular cistern with a defect of the mesen-
cephalic part of Liliequist membrane, and SAC-3 include
asymmetrical forms with SAC at other subarachnoid
spaces [10].

Histopathologically, they are arachnoid connective
tissue and appear to form from the splitting of the
arachnoid membrane, with an inner and outer
membrane around the cyst cavity, without epithelial
lining or vasculature. They should be differentiated from
glioependymal cysts, which have epithelial lining and are
of neuroectodermal origin, especially when lying at the
supracollicular or retrocerebellar regions [2].

Arachnoid cysts are sometimes clinically silent, inci-
dentally diagnosed as a result of the widespread use of
imaging studies [5, 11-13], and are usually managed
conservatively. Symptomatic arachnoid cysts can present
with a wide spectrum of clinical manifestations including
those of increased intracranial pressure [2], developmen-
tal delay in younger children, visual loss and precocious
puberty when occurring at the suprasellar cistern, or
seizures and focal neurological deficits when cortically
centered [1]. These symptomatic cysts often necessitate
treatment [2, 14].

Surgical modalities in treatment of arachnoid cysts still
remain controversial [15]. In the past, they have been
treated successfully by stereotactic aspiration [9], CSF
shunting, or open craniotomy for cyst fenestration.
Although often successful, permanent shunts and cranioto-
mies have their morbidities and complications. Reports of
endoscopic cyst fenestration were rare [1, 16]. Nowadays,
they are increasing, as endoscopy is simple, effective, min-
imally invasive, and association with low rates of morbidity
and mortality [15, 17].

Different endoscopic procedures and approaches are
available and are sometimes controversial depending on
the site of the cysts and their relation to the ventricular
system or nearby cisterns. In symptomatic arachnoid
cysts located outside, the ventricle fenestration into the
basal cisterns is the gold standard [18]. However, when
this is not feasible, the goal of the surgery is to perform
a connection between the cyst and the ventricular
system [18].

Both endoscopic procedures used in SACs, ventriculocys-
tostomy (VC) and ventriculocystocisternostomy (VC+C),
are still controversial. Nevertheless, due to the statistically
significant difference between the incidence of recurrence
on long-term follow-up, after VC versus VC+C, El
Ghandour concludes that VC+C should be considered
as the procedure of choice in the treatment of SACs [17].

For quadrigeminal cysts, different endoscopic ap-
proaches and procedures have been applied including
cyst fenestration and removal through a suboccipital
supracerebellar approach or opening it through lateral
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ventricle-cystostomy and third ventricle-cystostomy
[19]. Endoscopic cystoventriculostomy represents a
useful management option for patients with paraxial
arachnoid cysts in whom a standard cystocisternotomy is
not feasible [18].

It is sometimes advisable to add endoscopic third
ventriculostomy in order to solve the associated hydro-
cephalus while managing these cysts [16].

Patients and methods

Eighteen endoscopic procedures were performed for the
management of the periventricular and intraventricular
arachnoid cysts in 18 patients. All patients were pro-
spectively observed.

The endoscopic procedures were performed at our
institution for intra- and periventricular cystic lesions
between January 2016 and December 2017. Informed
consent was obtained from all patients. The ethical com-
mittee of the Faculty of Medicine, Alexandria University
approved the study. Sylvian fissure arachnoid cysts were
excluded. All patients underwent preoperative cerebral
magnetic resonance imaging (MRI). CSF flowmetric
studies were done in 3 cases preoperatively. The
neuroendoscopic procedures were performed with a 0
degree rigid endoscope (Storz Gaab). The surgical plan
and best trajectory were selected on preoperative MRI; a
free-hand procedure without neuronavigation was
performed. The ventricle or the cyst was tapped based
on the selected procedure through a frontal or
parietal burr hole or posterior fossa burr hole. After a
careful inspection of the cyst surface, the cyst wall
was perforated using a monopolar diathermy under
continuous irrigation (Fig. 1), a progressive dilatation
of the fenestration site was performed using a 3F
Fogarty balloon (Fig. 2)

The endoscope was then introduced within the fenes-
trated wall to exclude the presence of septa inside the
cyst.

Endoscopic procedures were done in the form of:

e Ventriculocystostomy (VC): the ventricle was
entered first, then the cyst was identified and a
fenestration was applied to the cyst wall (Fig. 3).

e Cystoventriculostomy (CV): the cyst was entered
first, its interior was examined to find the ventricle,
and a fenestration was applied between the cyst and
the ventricle (Fig. 4).

e Cystocisternostomy (C): the cyst was opened into
nearby cisterns.

e Third ventriculostomy (ETV): was added to different
procedures to treat associated hydrocephalus.

Postoperatively, all patients underwent computed
tomography (CT) scans within the first 24 h after surgery
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Fig. 1 Endoscopic view showing opening the dome of the cyst

and MRI control 3 months after surgery. MRI CSF flow-
metric studies were done postoperatively in a single case.
Clinical outcome was described as improved (defined as
partial or complete relief of symptoms), same, or deterio-
rated state (defined as progression of clinical symptoms).
Radiological outcome was described regarding the size of
the cyst whether decreased, same, or increased.

Results

Eighteen endoscopic procedures were performed for the
management of the periventricular and intraventricular
arachnoid cysts in 18 patients. Ten of them were females
(55%) and eight were males (45%) with their ages ranging
from 6 months to 50 years with a mean of 16 years old. All
patients were prospectively observed.

Fig. 2 Endoscopic view showing widening of a fenestration with Fogarty catheter
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Fig. 3 MRI T2 sagittal sequence with an arrow identifying the site of ventriculocystostomy and cystocisternostomy

Fig. 4 MRI T1 axial sequence with an arrow showing the site of cystoventriculostomy
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Seven of the arachnoid cysts (39%) were in the supra-
sellar region, 5 in the quadrigeminal region(28%), 2 in
the posterior fossa (11%), 2 parietal (11%), and 2 intra-
ventricular (11%). Seventeen cases (94%) had hydroceph-
alus. The main presenting manifestations were those of
increased intracranial pressure. All fenestrations were
done to the lateral ventricle except for the 2 cases with
posterior fossa arachnoid cysts; (11%) the fenestrations
were done to the fourth ventricle.

Endoscopic ventriculocystostomy was performed in 14
cases (78%) including 7 suprasellar cysts, 5 quadrigeminal
cysts, and 2 intraventricular arachnoid cysts (Figs. 3 and 5).
The lateral ventricle was entered in 14 cases (78%) with a
free-hand technique through the classical Kocher’s frontal
burr hole. The suprasellar arachnoid cysts were bulging
through the foramen of monro, and the quadrigeminal
cysts were reached through the body of the ventricle
(Fig. 6)

Endoscopic cystocisternostomy was done in 7 cases
(39%) (Fig. 3). All of them were suprasellar arachnoid
cysts in which the floor of the cyst was inspected and
was opened into the surrounding cisterns to ensure cyst
decompression.

Endoscopic cystoventriculostomy was done in 4 cases
(22%) including the posterior fossa cysts and the parietal
paraxial supratentorial cysts (Figs. 7 and 8) The cyst was
entered using a free-hand technique through a parietal
burr hole in the para-axial parietal arachnoid cysts and a
posterior fossa burr hole for the posterior fossa cysts
(Fig. 7). The interior of the cyst was explored in order to
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identify the lateral and the fourth ventricular cavities in
the parietal and posterior fossa cysts, respectively.

Endoscopic third ventriculostomy was done in a single
case (5%). The mean surgical time was 1 h. No operative
complications were reported and no stents were placed.
The mean follow-up period was 15 months. Manifesta-
tions improved in 17 cases (94%). Seventeen cases
demonstrated a significant decrease of the cysts’ size on
the follow-up MRI with improvement in the associated
hydrocephalus.

No cases needed shunt application during the post-
operative or follow-up periods. A single case developed a
complication in the form of subdural hygroma (5%),
which required no intervention and was managed
conservatively. This case was a quadrigeminal cyst which
was managed with VC and ETV (Fig. 9).

Discussion

The surgical management of arachnoid cysts includes
various techniques as open craniotomy and cyst resec-
tion, cystoperitoneal shunting, and others. Recently, the
advantages and disadvantages of endoscopy have been
described in the literature [8].

In this study, 18 cases with arachnoid cysts were
treated with different endoscopic techniques; Sylvian
fissure arachnoid cysts were excluded, as they have the
lowest success rate and the highest complication rates
when managed endoscopically. Ortel found only 52%
radiological success rate in Sylvian fissure cysts treated

(a)

(b)

Fig. 5 a MRI T1 axial sequence showing left quadrigeminal cyst in 45 y old female patient. b Follow-up CT brain after 1 month postoperatively
showing reduction of the cyst size. The procedure applied was endoscopic ventriculocystostomy through left frontal burr hole and left
lateral ventriculocystostomy
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(b) (©)

Fig. 6 a MRI T2 axial sequence showing suprasellar arachnoid cyst bulging inside the third ventricle in a 3-year-old male. b MRI T2 sagittal sequence
showing suprasellar arachnoid cyst bulging through the foramen of monro. ¢ Follow-up MRI T2 sequence after 3 months postoperatively showing
reduction of the cyst size. The procedure applied was endoscopic ventriculocystostomy and cystocisternostomy through the right frontal burr hole

endoscopically; Choi has a 60% success rate while
Karabatso and Pardilla have 9% and 27% success rates,
respectively. Although the clinical success rates were
much better in these studies, the failure of regression in
size was significant and raised the possibility of the re-
currence of manifestation on long-term follow-up [8].
The most common types of arachnoid cysts in this
study were the suprasellar arachnoid cysts (7 cases)
followed by the quadrigeminal cysts (5 cases). The

endoscopic technique applied differed according to the
site of the cyst.

Regarding Suprasellar arachnoid cysts, different
studies described different endoscopic techniques in-
cluding endoscopic VC alone or combined endoscopic
VC+C. In this study, we performed combined VC+C,
which is consistent with El Ghandour [17] who con-
cluded that VC+C is the treatment of choice in these
cases [17].

the aqueduct of Sylvius

Fig. 7 a MRI T1 axial sequence with contrast showing posterior fossa cyst related to the fourth ventricle and compressing it. b Endoscopic view
showing identification of the fourth ventricular wall from inside the cyst and performing endoscopic cystoventriculostomy. ¢ Applying a
fenestration between the cyst and the ventricle with a Fogarty catheter. d Endoscopic navigation inside the fourth ventricle with identification of

(b)

(d)
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the left parietal burr hole
A\

Fig. 8 a MRI T1 axial sequence showing left parietal paraxial arachnoid cyst effacing the lateral ventricle in a 1-year-old female. b MRI T1 axial
sequence showing a decrease of the size of the cyst after 1-year follow-up. The procedure applied was endoscopic cystoventriculostomy through

(b)

Applying endoscopic VC+C to all suprasellar cases in
this study allowed the decrease of the cyst s size in 100%
of cases and control of manifestations in 85% of cases.

In Quadrigeminal cysts, three different endoscopic ap-
proaches and procedures were described in the litera-
ture, including cyst fenestration and removal through a
suboccipital supracerebellar approach, lateral VC, and
third ventricle-cystostomy [19]. In a study published by
Gangemi, the most commonly used approach was the
lateral VC approach [19]. In this study, the lateral VC
technique was performed for all 5 cases, as they were all
huge in size and bulging inside the lateral ventricle.
Fenestration was established through the floor of the
body of the lateral ventricle. The role of added ETV in

these cases in order to treat the associated hydroceph-
alus is questionable. It is not easy to conclude whether
an added ETV is mandatory or the cyst fenestration with
recanalization of the aqueduct is usually enough for clin-
ical improvement? [19].

In a single case in this study, VC and endoscopic ETV
were performed as there was associated marked hydro-
cephalus. Unfortunately, this case developed subdural
hygroma that was managed conservatively and showed
spontaneous resolution over 3 months. Overtreatment in
targeting the cyst and the associated hydrocephalus may
have been the result of this complication.

In two cases of intraventricular cysts in this study, the
VC technique was performed safely.

(b)

Fig. 9 a MRI T1 axial sequence showing quadrigeminal arachnoid cyst bulging inside the lateral ventricle in a 6-month-old male. b MRI T2 axial
sequence after 1 month showing marked decrease in the size of the cyst and resolution of hydrocephalus with development of chronic subdural
hygroma after performing endoscopic ventriculocystostomy and third ventriculostomy. ¢ Follow-up CT after 3 months postoperatively showing
reduction of the size of chronic subdural hygroma without intervention
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In parietal supratentorial paraxial cysts and posterior
fossa cysts, CV was performed, and they were opened
directly to the ventricular system with free hands in the
absence of neuronavigation. This is contrary to Ortel [8]
who recommended neuronavigation to facilitate the
entry from the cyst to the ventricle. In all 4 cases in this
study, it was easy to identify the underlying ventricular
cavity through the cyst wall knowing it by its transpar-
ency. Also, the absence of thick brain parenchyma facili-
tated the procedure without neuronavigation. Although
these cysts were close to the cortical surface, none of
these cases was complicated with CSF fistula.

Regarding complications, we have a single case that
developed subdural hygroma (5.5%) and was managed
conservatively; Copley [2], in his study with a larger
number of cases, had a complication rate of 20% but all
of them as he mentioned were treated easily without
subsequent morbidity and mortality. El Ghandour [17],
in his series, had a single case of subdural hygroma (4%),
single case of hemorrhage (4%), and a single case of CSF
leakage (4%). These complications were the most fre-
quent complications reported in literature; however, the
risk of seizures and deficits were extremely rare [2].

Clinical improvement was found in 94% of the cases,
only one case showed no improvement in the clinical
manifestations despite the decrease in the cyst size, and
this could be explained by the short period of follow-up
(6 months).

The cysts’ size decreased in 94% of the cases; only one
posterior fossa case remained the same size on follow-up
although improvement of the clinical manifestation was
stated, supporting the hypothesis that claims that the
manifestations are mainly due to the pressure effect
rather than the size of the cyst. This needs further re-
search involving a larger sample size and longer follow-
up periods to prove such theory.

In the present study, none of the cases showed recur-
rences nor increased in the size of the cysts; however,
the follow-up period is short and requires longer follow-
up to document the patency of the established stoma.
On the opposite side, Copley [2] declared that 41% of
children in his study required revision surgery at a
certain time due to symptom recurrence and that his
results are consistent with literature that announced the
need for further surgery, including shunt insertion,
following endoscopic fenestration and that the studies
reporting a 100% success rate following a single endo-
scopic procedure were typically limited by smaller pa-
tient numbers and/or shorter follow-up periods.

No stents were used in this study to maintain the pa-
tency of the stoma, which is in agreement with Ortel
[18] who showed evidence that even a small stoma with-
out stent insertion might be sufficient for adequate cyst
drainage, in contrary to previous reports denoting the
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importance of the size of cyst fenestration and stent in-
sertion for avoidance of cyst recurrence [20]. However,
this suggestion needs well-designed studies with longer
follow-up period to prove its validity.

Conclusion

The present study reports successful treatment of arach-
noid cysts by various endoscopic techniques which are
safe options for the management of periventricular and
intraventricular arachnoid cysts. Endoscopic ventriculo-
cystostomy and cystocisternostomy are considered for
suprasellar arachnoid cysts while ventriculocystostomy
for intraventricular cysts and cystoventriculostomy are
the procedure of choice for paraxial non cisternal symp-
tomatic arachnoid cyst and posterior fossa cysts. The
technique should be preferred to the placement of a
cystoventricular or cystoperitoneal shunt. However, lon-
ger follow-up is required before definite conclusions can
be drawn regarding cyst recurrences.
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