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Arachnoid cysts are a congenital malformation,
secondary to splitting or duplication of the arach-
noid that becomes filled with CSF [1]. They typi-
cally arise within the arachnoidal cisterns, in
most cases in the middle fossa at the sylvian fis-
sure (30-50 %). Ten percent arise on the hemi-
sphere convexity, 10 % in the suprasellar cistern,
10 % in the quadrigeminal cistern, 10 % in the
cerebellopontine angle, and 10 % in the midline
of the posterior fossa [1]. Midline cysts (supra-
sellar, interhemispheric, quadrigeminal, and pos-
terior fossa) are wusually associated with
hydrocephalus and present earlier in life, usually
during the first 10 years.

Symptomatic cysts typically present with
local mass effect on neural tissue, obstruction of
CSF flow, and macrocephaly in younger children.
Most frequent symptoms are headache, head
bobbing, focal neurologic deficits, seizures, and
psychomotor retardation. An increased risk of
posttraumatic extradural and subdural hemato-
mas/hygromas is associated to the presence of the
cyst. In symptomatic cysts, indication for treat-
ment is clear. In infants, a pathologic increase
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(symmetric and asymmetric) in head circumfer-
ence is a surgical indication. However, consider-
able debate continues to exist in the management
of asymptomatic, incidentally discovered cysts.
Because of the concern for impairment of brain
development, in the pediatric population, treat-
ment should always be recommended at the time
of discovery unless the cyst is of a small size with
minimal distortion of surrounding tissues and has
been discovered incidentally [2, 3]. Cysts that
distort surrounding neural tissues may be respon-
sible for alteration in cerebral blood flow, thus
explaining the atrophy often observed in the adja-
cent neural tissue.

Multiple surgical strategies have been devel-
oped in the management of symptomatic arach-
noid cysts. These include endoscopic resection of
the cyst wall with establishment of communica-
tion between the cyst and the contiguous CSF
pathway (ventricles or basal cisterns), craniot-
omy with microsurgical fenestration, and shunt-
ing of the cyst in the peritoneum. The advantage
of neuroendoscopy is that it avoids major surgical
procedures, such as craniotomy with the risk of
some major complications, and it avoids shunt
dependence with all of the shunt-related prob-
lems [4, 5]. The choice between shunt and neuro-
endoscopy must be made on the basis of
neuroradiological imaging to detect an area of
contiguity between the cyst wall and the ventric-
ular ependyma or subarachnoid spaces. This
should be opened under endoscopic control to
allow continuous drainage of the cyst. To avoid
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reclosure of the stoma, large openings, at least
1015 mm in diameter with removal of cyst wall
fragments, should be performed [5]. The success
rate (control of symptoms and cyst size without
other surgical procedures) amounts for 71-81 %
in endoscopic series [5-9]. The treatment is usu-
ally easier when the cyst obstructs the CSF path-
way and hydrocephalus is associated, due to the
possibility of working in larger spaces.

Surgical technique and results vary according
to the location of the cysts. Best results have been
achieved with suprasellar cysts. On the contrary,
in case of arachnoid cysts of the middle fossa,
indication to endoscopy is controversial. The
arterial vessels of the Sylvian fissure may course
within the medial wall of the cyst in proximity of
the sites where fenestrations should be made.
Therefore, some authors prefer microsurgery to
endoscopic surgery for the arachnoid cysts in this
location.

For infants with large hemispheric arachnoid
cysts, the success rate of endoscopic fenestration
appears to be less favorable than in older children
[10]; however, in young children also, shunting is
burdened by high rate of failure, and therefore, a
neuroendoscopic approach should be advocated
if possible. The possible need of a secondary
cyst-peritoneal shunting in case of neuroendos-
copy failure is always discussed prior to the inter-
vention [10].

16.1 Middle Fossa Cyst

The middle fossa is the most common location
for arachnoid cysts. These cysts may be respon-
sible of a wide range of signs or symptoms,
which include headache, focal neurological defi-
cits, macrocrania, and hydrocephalus. They may
also present with “functional” symptoms such as
seizures and developmental delay [12].

16.1.1 Indication for Surgery
Indication for surgery in case of middle fossa

cyst is highly debated. In the presence of symp-
toms and signs related to the cyst (headache,

intracranial hypertension, macrocrania, hydro-
cephalus, focal neurological deficits), indication
for surgery is clear. In case of “functional” symp-
toms, such as epilepsy and neurodevelopmental
delay, indication for surgery is less clear. Some
authors [12] suggest efficacy in postoperative sei-
zure control and improvement in development,
although direct clinical correlation of these
symptoms to the cysts may be tenuous. In the
series of Di Rocco et al. [13], patients with sei-
zures were treated only if they also presented
headache and/or macrocrania and/or focal neu-
rology and/or progressive increase in size of the
cyst. They observed good outcome of seizures in
these patients. On the contrary, patients with
developmental delays did not improve. In our
opinion, patients with functional symptoms and
mass effect on neuroradiological imaging are
candidates for surgery, especially if they are
young babies, with the aim to allow better brain
development.

The debate of indication for surgery in asymp-
tomatic young children with very large cyst with
mass effect is still open. In our opinion, the
younger the patient, the stronger is the indication
for surgery.

In the recent paper of Choi et al. [15], the rea-
sons for surgery (endoscopic or microsurgical
fenestration) were categorized into three groups.
In one group, surgery was necessary because the
symptoms were related to the cyst (hydrocepha-
lus, intracranial hypertension). In the second
group, the symptoms were ambiguous, thought to
be correlated with the cyst (headache, dizziness,
large head, abnormality of skull, seizures, stra-
bismus, or developmental delay). The patients in
the third group presented minimal or no clinical
symptoms, but underwent surgery with the
expectation of improvement of abnormal find-
ings in radiological or other examinations (huge
cyst or enlarging cyst on follow-up image, abnor-
mality in neuropsychologic tests, severe perfu-
sion defect of adjacent brain parenchyma in
single-photon emission computed tomography —
SPECT). Interestingly, while the improvement
rate in the first group was satisfactory, in the sec-
ond group (the cases that showed ambiguous cor-
relations between cysts and symptoms), it was
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very low. The improvement rate in this category
was only 11 %, while the complication rate was
as high as 43 %. In the third group, the radiologi-
cal appearance of the cyst improved in 50 % of
patient, and abnormality of neuropsychological
tests improved in 35 %, while in no patients,
there was improvement in SPECT evaluation.
Therefore, they suggest surgical interventions
only for those patients with symptoms indisput-
ably related to the cyst.

Risk of traumatic hemorrhage after head
injury is well known in patients with middle fossa
cyst. However, surgery appears not to reduce the
risk of traumatic hemorrhage. Surgery should not
be proposed to prevent traumatic hemorrhage.

16.1.2 Selection of Candidates to
Endoscopic Procedure Versus
Alternative Treatments

Careful evaluation of preoperative imaging is
crucial for considering endoscopy in case of
intracranial cysts. Best evaluation is by MRI,
especially with the modern CISS or DRIVE
sequences that offer extraordinary contrast
between CSF and brain parenchyma. The
Prerequisite for safe endoscopic fenestration is
the presence of enough space to safely reach the
site of fenestration and the presence of a thin, not
vascularized membrane to be fenestrated. In case
of middle fossa cyst, microsurgical fenestration
is also a straightforward procedure, with low
operative risk and no need to cross the brain
parenchyma. The choice between microsurgical
and endoscopic fenestration should be well pon-
dered: a minimal invasive procedure should be
chosen only if it offers the same safety and the
same success rate. Middle fossa cysts are usually
classified in accordance with the Galassi classifi-
cation [14]: type I cysts are small, spindle shaped,
and limited to anterior middle cranial fossa; type
II cysts show superior extension along sylvian
fissure with displacement of the temporal lobe;
type III cysts are large and fill the whole middle
cranial fossa, with displacement of not only the
temporal lobe but also the frontal and parietal
lobes. Type I cysts are usually asymptomatic and

only rarely treatment is necessary. In case of indi-
cation for surgery, endoscopic approach is not the
ideal treatment, because the space for endoscopic
maneuvers is limited. Moreover, it is necessary to
cross the brain parenchyma to reach the cyst.
Microsurgical fenestration is the best option in
this kind of cysts. Type II and III cysts are very
large with enough space for the endoscope to
reach the target. The choice between endoscopic
and microsurgical fenestration should be based
on the appearance of the chiasmatic and interpe-
duncular cisterns on MRI. In case of large cis-
terns with thin membranes and enough space
between carotid artery and optic nerve and/or
tentorial notch and third cranial nerve, endo-
scopic surgery should be considered a valid
option; otherwise, microsurgical fenestration
should be preferred. Microsurgical techniques
allow safer dissection of deep, thick membranes
near vital structures, such as carotid artery and its
branches, optic nerve, oculomotor nerves, and
brain stem. In every case, the surgeon following
endoscopic inspection of the deep membranes of
the cyst should be ready to convert his procedure
into microsurgery. This should be well explained
to the patients and/or their parents in the informed
consent. Several factors should be considered
before performing endoscopic fenestration. Once
within the cyst, the arterial vessels of the Sylvian
fissure can be seen coursing the medial wall.
They can be followed down to the basal cisterns,
where the fenestrations can be made. The mem-
brane of these cysts may be rich in collagen and
can be difficult to penetrate, so that scissors or
sharp instruments can be used to cut an opening.
Often, the stoma should be enlarged with sharp
instruments with some risks for the vessels of the
Sylvian fissure. Open surgical procedures permit
bimanual manipulation and the use of regulated
suction to manipulate such thick and vascular-
ized arachnoid membranes. Bleeding can be
more easily controlled with traditional methods
such as bipolar cautery and topical application of
hemostatic agents (Fig. 16.1a—f).

Shunting, as the first surgical procedure,
should be avoided in middle fossa cysts, because
of the well-known risk common to all shunts
(infection, mechanical dysfunction) and the
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Fig. 16.1 (a) Arachnoid cyst of the middle fossa. Note
the inner layer bulging medially behind the carotid artery.
(b) Same patient as shown in (a), coronal view, where a
large area of possible fenestration is easily identified. (c)
Endoscopic view, where nerves and arteries are easily
identified through the translucent layer of the cyst and

ENCF ORB.
T

delimitate areas of fenestration. (d) A safe, posterior win-
dow of fenestration is identified between the free edge of
the tentorium and the third cranial nerve. (e, f)
Postoperative MRI showing good flow artifact behind the
carotid artery on axial T2 turbo spin echo sequences (e)
and reduction of the cyst volume on coronal T1 (f)
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higher probability of overdrainage, with slit cyst
syndrome and secondary Chiari malformation
that can be challenging to treat.

16.1.3 Authors’ Preferred Surgical
Technique

We use a surgical technique similar to those
described by Di Rocco et al. [13] and Spacca et
al. [12]. The aim of the procedure is to establish
communication between the cyst and interpe-
duncular or carotid cistern (cyst-cisternostomy).
The site of fenestration is between the optic
nerve and the carotid artery, between the carotid
artery and the oculomotor nerve, and between
the third nerve and the free edge of tentorium.
Electromagnetic neuronavigation is a very use-
ful tool in order to choose the optimal entry point
and to plan the best trajectory. It also provides
real-time control of the endoscope position. The
patient is positioned supine with the head tilted
contralaterally. A small incision is performed
over the temporal muscle behind the hairline. A
burr hole is drilled directly above the cyst, avoid-
ing residual cerebral mantle. The dura mater is
opened with a knife to favor dural closure at the
end of the procedure. A 30° free-hand rigid
scope (Storz ®, Tuttlinger, Germany) is inserted
within the cyst. The landmarks for the orienta-
tion are the free edge of the tentorium, the syl-
vian fissure with the arterial trunks, and the
cranial nerves. The site of fenestration is decided
on the basis of the aspect of the deep membrane
(thickness and transparency). Usually the safest
site is between the tentorial edge and the third
cranial nerve. It allows to reach the interpedun-
cular cistern with good visualization of the basi-
lar artery. Whenever possible, several holes
within the deep membranes are performed.
Based on the experience of Karabagli, multiple
perforations are associated with decreased risk
of cyst regrowth [19]. The best way to fenestrate
the membranes is using Tulium LASER coagu-
lation and forceps. Scissors should be used with
great caution, because of the risk of arterial
bleeding from small vessels. The stoma is also
enlarged using the double-balloon catheter

(neuro-balloon catheter from Integra
Neurosciences®, Antipolis, France). Care is
taken to open all layers. The cyst-cistern com-
munication is considered satisfactory when it is
possible to directly view the basilar artery and
cerebrospinal fluid (CSF) pulsation through the
fenestration. At the end of the procedure, the
endoscope is removed. The dura mater is closed.
The muscular fascia and the superficial layers
are sutured in a standard fashion.

16.1.4 Follow-Up

CT scan or MRI is obtained until 24 h following
operation to exclude major complication, in par-
ticular subdural effusion. MRI is planned in the
first few weeks to confirm the presence of a flow
artifact through the fenestration.

After hospital discharge, the patients are regu-
larly controlled (clinical examination and brain
MRI) 3 and 6 months and 1, 2, and 3 years after
surgery.

Postoperative radiological appearance is
very variable: in most successful cases, the
cysts remain unchanged, or with minimal
reduction of mass effect on surrounding tis-
sue. The flow of CSF through the cyst- cister-
nostomies is confirmed by signal voids around
ICA or tentorial edge on postoperative
T2-weighted coronal MR imaging studies
(flow artifact). There is no concordance
between clinical and radiological outcome:
patients who show radiological improvement
not always demonstrate a corresponding
improvement of clinical symptoms, especially
if the reason for surgery was not clearly related
to the cyst. Conversely, the patients who show
clinical improvement, not always have radio-
logical improvement [15].

Disappearance of the cyst following fenestra-
tion is very rare. In Choi’s series [15], the cyst
disappeared in 4/39 cases (10 %) and signifi-
cantly decreased in 16/39. Sometimes the
decrease of the cyst may be associated with the
increase in size of the ventricles (especially at the
level of the temporal horn) and presence of sub-
dural fluid collection.
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16.1.5 Complications

The main complication of the endoscopic series
is subdural hygroma, with an incidence as high as
40 % of cases [4, 13, 15, 17]. This complication
also occurs in microsurgical series and often
requires surgical treatment with subduro-perito-
neal shunt.

Leakage of CSF is another important compli-
cation, which has been reported to occur in
3.9-6 % of patients both in endoscopic and
microsurgical series [16, 18]. Often, patients with
CSF leaks are younger than 1 year of age and
need a CSF diversion procedure.

Other surgical-related complications are sub-
cutaneous collection, CSF infection, and third
cranial nerve palsy.

16.1.6 Results

Good clinical outcome with complete recovery or
significant improvement has been achieved in
more than 90 % of cases in several series [12, 13,
19]. Relief of headache and other neurological
deficits was obtained in all series but that of Choi
et al. [15], in which headache was not always
related to the presence of the cyst. These data are
similar to those achieved by Levy et al. [18] fol-
lowing microsurgical fenestration. In the series
of Choi et al. [15], the results are not so satisfac-
tory, especially in infants, where the rate of surgi-
cal failure (need for additional operations such as
a shunt or a second fenestration procedure) was
50 % (3/6). These results were also noted by oth-

ers, so that some authors consider cyst-peritoneal
shunt more effective in the infant group. In our
opinion, the advantage of being shunt-free over-
comes the risk of second surgery in the infant
population, in which also the shunt-related prob-
lems (high rate of shunt revision, lifelong shunt
dependency, overdrainage, and even brain herni-
ation) are more frequent.

A second line of repeat endoscopy, craniot-
omy, or shunt may be considered in case of fail-
ures. In recurrent middle fossa cysts, we rarely
perform repeat endoscopy and we prefer to offer
craniotomy and microsurgical fenestration in
case of absent flow artifact on neuroimaging
(with the aim to achieve larger fenestrations of
the deep membranes). If the fenestration appears
to be patent on neuroimaging but symptoms are
still present, cyst-peritoneal shunt is the preferred
option, especially in younger children.

In conclusion, recent reports indicate that
increasing number of authors prefer endoscopic
approach as the first-line management of middle
fossa arachnoid cysts [12, 13, 19-21]. However,
larger randomized series are needed to identify
the real advantages in managing middle fossa
cysts by endoscopy, rather than alternative tech-
niques (Table 16.1).

16.2 Suprasellar Cysts

Endoscopic surgery has radically changed the
management of deep-seated arachnoid cyst.
Patients with arachnoid cysts in the suprasellar
region, especially if associated with hydrocephalus,

Table 16.1 Review of case series for pure neuroendoscopic treatment of middle fossa cysts

Authors Cohort size Results
Elhammady et al. [20] 6

Di Rocco et al. [13] 17
Spacca et al. [12] 40

Six successful
Two recurrences

Satisfactory outcome reported in 92.5 % cases;

Complications

Subdural hygroma (n=3)
Venous bleeding (n=1)
Subdural hygroma (n=4)

cyst reduction in 72.5 % of cases; 10 %
requiring second procedure

El-Ghandour [22] 32

Karabagli and Etus [19] 20

From Choudhri et al. [10], modified

Clinical improvement reported in 87.5 % cases;
reduction in cyst size in 71.9 % cases; three
cases of recurrence

Eighteen successful cases (in three endoscopy
was repeated); two failures (CP shunt)

Subdural hygroma (n=2),
CN III palsy (n=1)

Asymptomatic subdural
hygroma (n=1)
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are ideal candidates to endoscopic surgery, which
allows wide fenestration of the cyst, both in the
ventricular system and in the cisternal spaces [8],
avoiding major surgical procedures, such as crani-
otomy and transcallosal approach. For this kind of
cysts, endoscopic surgery is the treatment of choice,
considering repeat endoscopy in case of failures
and reserving shunting only to refractory cases.
Typically, the suprasellar cysts elevate the floor of
the third ventricle, often appearing just under the
body of the lateral ventricle. Hydrocephalus due to
obstruction of the CSF pathways either at the fora-
men of Monro or at the level of the cerebral aque-
duct is often associated. Miyajima et al. [23]
identified two different types of suprasellar arach-
noid cyst, according to the position of the basilar
artery. In the first type, the basilar artery is inside
the cyst. They speculated that these cysts arise from
invagination of the membrane of Liliequist. In the
second type, the basilar artery is pushed posteriorly
by the cyst. Their interpretation was that these cysts
arise from cystic dilatation of the interpeduncular
cistern.

16.2.1 Indication for Surgery

Suprasellar cysts are rare. They represent 8—15 %
of all intracranial cysts. Treatment is indicated in
case of symptomatic cysts or in case of coexisting
hydrocephalus. The majority of cysts become
symptomatic in early childhood, usually present-
ing with hydrocephalus and symptoms and signs
of increased intracranial hypertension. Other fre-
quent symptoms are visual field defects/impaired
visual acuity (about 30 % of cases) and endocrino-
logical disorders (about 60 % of cases) secondary
to compression of the chiasm and hypothalamic-
pituitary axis. Head bobbing in children is a rare
feature, but quite typical of suprasellar cyst.
Recurrent seizures are also indication for surgery.

Incidentally discovered cysts are usually not
candidates for surgery, even if demonstration of
cyst growth or the presence of neural compres-
sion, especially in children, should be an indica-
tion for consideration of surgical treatment to
allow the potentially normal development and
function of the adjacent brain [11].

16.2.2 Selection of Candidates to
Endoscopic Procedure Versus
Alternative Treatments

The location of the suprasellar may favor a differ-
ent surgical treatment compared with cysts in
other locations. The cysts are always in close
relationship with the third ventricle; so, in case of
sufficient ventricular dilatation, endoscopic treat-
ment is the treatment of choice [24]. Usually, the
cyst can be approached from the ventricles
through a standard precoronal burr hole. Shunt
placement is no longer suggested because of the
need for foreign body implantation and the con-
comitant risk of shunt infection, failure, or life-
long shunt dependence. It should be reserved
only to refractory cases.

Open surgical approaches are associated with
a relatively higher surgical morbidity compared
with endoscopic procedures and have success
rate that does not exceed 70 % [11]. Microsurgery,
through a subfrontal or pterional approach,
should be reserved to those few cases not associ-
ated with ventricular dilatation. In the very rare
cases in which the cyst expands from the supra-
sellar region to reach laterally the temporal fossa,
the cyst can be approached with endoscope from
a temporal burr hole, even if hydrocephalus is
absent.

Different techniques have been advocated for
endoscopic fenestration of suprasellar cysts.
Some have advocated fenestration only of the
apical membrane, usually at the level of the
Monro foramen, between the ventricle and the
cyst (ventriculocystostomy). Others suggested to
also perform concurrent basilar fenestration
toward prepontine cistern (cyst-cisternostomy),
realizing a ventriculocystocisternostomy (VCC).
Decq et al. demonstrated by MR-imaged CSF
flow dynamics the importance of fenestrating
suprasellar cysts both in the ventricles and in the
basal cisterns, to prevent secondary closure of the
opening and recurrence of symptoms [8]. The
passage of CSF pulse waves in the cyst’s cavity
through sufficiently large windows in a “bipolar”
fashion lowers the risk of re-formation of the
cyst’s membrane [8, 11]. Multiple fenestrations
into all arachnoid cisterns that are accessible
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should lead to a lower rate of recurrence at long-
term follow-up than do less aggressive methods,
such as single fenestration [11]. Also the more
recent paper from Maher and Goumnerova [24],
which summarized their experience with 44 pub-
lished cases, concluded that endoscopic ventricu-
locystocisternostomy is more effective than
ventriculocystostomy.

16.2.3 Authors’Preferred Surgical
Technique

Our surgical technique is similar to that described
by Kirollos et al. [11]. Under general anesthesia,
a frontal burr hole is drilled 3—4 cm from the mid-
line (usually on the right side, or on the larger
side, in case of asymmetrical ventricular dilata-
tion) and on the coronal suture. The ideal posi-
tion of the entry point and the best trajectory is
selected on the basis of preoperative MR imag-
ing. Neuronavigation is useful but usually not
mandatory in standard cases, unless the ventricu-
lar system is small. The lateral ventricle is tapped,
and the endoscope is directed toward the foramen
of Monro, where the dome of the cyst is usually
protruding into the third ventricle and comes into
view. A fenestration is made between the cyst
and the ventricle with various techniques, and we
prefer to use Tulium LASER coagulation and
scissors. Wide fenestration, at least 10 mm in
diameter, is achieved, with coagulation of the
apical portion of the cyst and removal of the cyst
wall if possible. The cyst is then entered with the
endoscope to visualize the basal wall of the third
ventricle and the position of the basilar artery
(inside the cyst, or outside the cyst, pushed
toward the brain stem). It is usually possible to
observe all the anatomical structures around the
interpeduncular cistern through the thin inner
layer of the arachnoid cyst, such as the basilar
artery, internal carotid artery, posterior communi-
cating arteries, pituitary stalk, optic chiasm, and
third cranial nerves. Several openings into the
basal prepontine cistern should be created, usu-
ally between basilar artery and third cranial
nerves from both sides. The openings can be
done using a probe without the application of any

current and enlarged with balloon catheters. The
endoscope is then advanced through the fenestra-
tion to visualize the neurovascular structures in
the basal cisterns and to ensure the creation of
adequate communication between the cyst and
the subarachnoid space.

In the rare cases in which suprasellar cyst
expand laterally toward the temporal fossa, the
cyst can be approached directly through a tempo-
ral burr hole, like middle fossa cyst. Once inside
the cyst with the endoscope, a cyst-cisternostomy
can be performed in standard fashion, trying to
make multiple perforations, on both sides of the
basilar artery (Figs. 16.2a, b and 16.3a—j).

16.2.4 Follow-Up

The follow-up is similar to middle fossa cyst: a
neuroradiological investigation (preferably MRI)
is obtained until 24 h following operation. The
presence of flow artifact through the fenestration
at MRI should be addressed before discharge
from the hospital. After hospital discharge, the
patients are regularly controlled 3 and 6 months
and 1, 2, and 3 years after surgery.

The reduction in arachnoid cyst size following
endoscopy, also for cysts in this location, is vari-
able. The indications for further intervention
depend on the persistence of the patient’s symp-
toms and not upon the appearance of the cyst on
postoperative imaging [11].

Endocrinological disorders usually persist fol-
lowing treatment despite the satisfactory decrease
in volume of the cyst [11].

16.2.5 Complications and Results

Reported complication rate is very low in this kind
of surgery [10], with few addressed cases of ven-
triculitis and subdural hygromas. The success rate
is high. Maher and Goumnerova [24] in their
review calculated a success rate (no need for subse-
quent surgical procedures) of 86 % when only ven-
triculocystostomy (VC) was performed, and that
increased to 92 % when ventriculocystocisternos-
tomy (VCC) was performed as first procedure.



16 Endoscopic Treatment of Arachnoid Cysts

187

Fig. 16.2 (a) Type 1 suprasellar cyst, bulging into the
third ventricle and occluding both foramina of Monro and
the inlet of the aqueduct. (b) Surgical trajectory (arrows)
for ventriculocystostomy and cyst-cisternostomy through
a coronal burr hole

They analyzed separately the success rate of VC
or VCC, when they were performed following a
prior shunt treatment. VC alone was successful in
64 % of cases, while VCC was successful in 88 %.
Recently, Rizk et al. [25] reported a long-term
clinical follow-up of six patients treated with

endoscopic techniques, with an average of
46.5 months. Apart from one patient who devel-
oped ventriculitis that was successfully treated
with antibiotics and temporary external drainage,
no patients suffered recurrence of symptoms,
abnormal imaging findings, or any sequelae of
the surgical intervention.

In conclusion, endoscopic treatment of supra-
sellar cysts is safe and effective and should be
considered in each case with compatible anat-
omy, in patients already treated with shunts and
also in case of failure of the first endoscopic pro-
cedure. In these cases, larger fenestrations, with
removal of cyst wall, especially at the level of the
basal membrane, should be done by experienced
neuroendoscopists.

16.3 Interhemispheric Cysts
Interhemispheric arachnoid cysts are congenital
malformations usually associated with complete
or partial agenesis of corpus callosum. They
should be distinguished from other types of cys-
tic lesions that can occur in the interhemispheric
fissure and are part of more complex brain mal-
formation, such as holoprosencephaly, dience-
phalic cyst with upward extension of the third
ventricle, and porencephalic cyst. These cystic
malformations are in communication with the
ventricular system, do not need specific treat-
ment, and have a very bad cognitive prognosis
[26, 27].

Sometimes they can be confused with convex-
ity cysts with interhemispheric extension
(Fig. 16.4a). Often interhemispheric cysts are
associated with ventricular enlargement. Various
mechanisms are implicated: downward displace-
ment of the foramina of Monro, obstruction of
the aqueduct, or impairment of the resorption
mechanism over the convexity.

Generally, interhemispheric cysts are diag-
nosed in the first year of life. Head enlargement,
seizures, and psychomotor retardation are the
most frequent presenting symptoms. These
symptoms, however, may also result from the
associated malformations (agenesis of the cor-
pus callosum, gyral abnormality, and neuronal
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heterotopia). The cysts can be diagnosed antena-
tally, during routine ultrasound evaluation. They
can remain silent for many years (Fig. 16.4b, c).

16.3.1 Indication for Surgery
As for cysts in other locations, surgery is indi-

cated in case of symptomatic cysts. For patients
with progressive signs of increased intracranial

pressure or progressive cyst or ventricle enlarge-
ment, surgery is indisputably indicated. The indi-
cation for surgery is less established in patients
with epilepsy and psychomotor retardation that
can be attributed to the associated brain malfor-
mation. Usually, in young children with large
cyst, associated to ventricular dilatation, surgery
should be considered also in the absence of spe-
cific symptoms. Asymptomatic patients, for
whom a conservative treatment is chosen, require

Fig. 16.3 Type 2 suprasellar cyst with lateral extension
as seen on T2 sagittal (a), T2 coronal (b), and T2 axial (c)
magnetic resonance. Endoscopic view of the skull base
area chosen for fenestration (d). Following fenestrations,
the stretching of the cranial nerves has decreased (e).

Endoscopic views of the posterior fossa cisterns (f, g)
through the fenestrations. Postoperative MRI showing
significant decrease of the cyst size on sagittal (h), coronal
(arrow indicate flow artifact through the stomy) (i), and
axial (j) T2-weighted images
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Fig.16.3 (continued)

a close psychometric and neuroradiological fol-
low-up, especially in the first year of life.

16.3.2 Selection of Candidates to
Endoscopic Procedure Versus
Alternative Treatments

According with Mori classification [26], Mori
distinguished two types of arachnoid cyst in the
interhemispheric fissure: unilateral parasagittal

cysts and midline cysts. In the first case, the cysts
have unilateral extension, are usually discovered
in older children, and are not associated with cor-
pus callosum agenesis. Usually, there is no conti-
guity between this kind of cysts and the third
ventricle or other part of the ventricular system.
Moreover, these cysts are not associated with
hydrocephalus. The best option for these cysts,
which usually reach the convexity, is microsur-
gery with excision of the lining membranes. It is
a straightforward procedure, similar to removal
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Fig.16.4 (a) Convexity cyst with parasagittal expansion. Interhemisperic cyst associated with corpus callosum agen-
esis on coronal view (b) and sagittal view (c)

of arachnoid cysts over the convexity. On the
contrary, midline cysts are more complex cyst
often multiloculated, discovered in neonates and
infants, and associated with agenesis of corpus
callosum and ventricular dilatation. They usually
expand inside the ventricular system, from which
are separated by thin membranes. Due to the
absence of the corpus callosum, the most fre-
quent site of contiguity between the cyst and the
ventricles is at the level of the roof of the third
ventricle. The third ventricle, in fact, is often the
final target of fenestration. In midline cyst, endos-
copy is usually the best choice, because it allows
simplification of multiloculated cysts, fenestra-
tion of the cyst with the ventricular system and
the subarachnoid space of the interhemispheric/
quadrigeminal cistern. In selected cases, third
ventriculostomy can also be performed, to treat

the associated hydrocephalus and to reduce the
chance of stoma reclosure as discussed for supra-
sellar cysts. Craniotomy with cyst membrane
excision, and creation of communication with the
subarachnoid cisternal spaces and/or the ventric-
ular system, is a major surgical procedure, with
higher rate of complications, especially in neo-
nates. Experience with open surgery is limited
[26, 28], with not negligible rate of failure and
secondary shunting. Shunting of the cyst was the
best option prior to development of endoscopy. It
is associated with low operative risk but also by
all the well-known complications of the shunts in
the long period, such as occlusions, inadequate
drainage, and infection [28]. Moreover, in multi-
loculated cyst and in case of associated hydro-
cephalus, single cyst catheter may not be
sufficient [29].
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16.3.3 Authors’ Preferred Surgical
Technique

The goal of endoscopic surgery is to create com-
munication between the cyst and the ventricular
system (cyst-ventriculostomy) and/or the cyst
and the cisternal space (cyst-cisternostomy).
Surgical planning begins with careful evaluation
of preoperative neuroradiological investigations
(in particular MRI with DRIVE and CSF flow
study) in order to detect the thinner point of the
cyst walls where the stoma should be created and
the multiple membranes, in case of multiconcam-
erated cysts. Neuronavigation is mandatory,
because of the very distorted anatomy, to place
the burr hole and to guide the endoscope through
the target. Major vessels of the basal cisterns, the
pericallosal arteries, the free edge of the tento-
rium, and the choroid plexus may be useful orien-
tating landmarks.

Usually the most simple option is to penetrate
first in the cyst, through a paramedian burr hole
(drilled in the frontal, parietal, or occipital region,
according to the location of the cyst), and hence,
after recognition of the membranes to be perfo-
rated, to perform endoscopic fenestration in stan-
dard fashion. We prefer to use Tulium LASER
coagulation and removal of large fragments of
membranes. Also, the wall of the ventricle is usu-
ally a thin membrane. After entering the ventricle,
the ependyma is easily recognized. In most cases
of frontal and parietal interhemispheric cysts,
associated to corpus callosum agenesis, the final
target is the third ventricle. If the third ventricle is
large enough, it is often possible to add a third
ventriculostomy, in standard fashion, so to realize
a ventriculocystocisternostomy. In case of poste-
riorly located interhemispheric cyst, the third ven-
tricle is difficult to reach, and fenestration can be
performed toward the interhemispheric fissure or
lamina quadrigeminal cistern (cyst-cisternos-
tomy) and toward an enlarged occipital horn of
the lateral ventricle. Also in these cases, naviga-
tion is mandatory (Fig. 16.5a—e).

Postoperative imaging is essential to assess
the patency of the stomas and the patency of the
subarachnoid spaces in which the CSF is diverted
after the endoscopic procedure.

They are also important to detect possible
complications related to the rapid decrease of the
cyst volume, such as subdural hygromas.

16.3.4 Complications and Results

The endoscopic experience in the treatment of
interhemispheric cysts is limited. Our group
reported a small series of seven patients [30]
affected by interhemispheric cysts associated with
corpus callosum agenesis. Complete success (con-
trol of hydrocephalus and of the cyst size with no
further surgical procedures) was achieved in five
cases (71 %). Partial successes were achieved in
the remaining two cases: one patient was endo-
scopically reoperated with success 1 year later
because of closure of the stoma. The remaining
patient required implantation of a lumboperitoneal
shunt for persistence of subcutaneous CSF collec-
tion over the burr hole. The lumboperitoneal shunt
was successfully removed without recurrence of
the pseudomeningocele 8 months after insertion.
Subdural collection developed in three patients;
in only one case, it was managed with insertion of
subduro-peritoneal shunt. This was uneventfully
removed 4 months later. No patients were shunt
dependent at the end of follow-up.
Neurodevelopmental evaluation performed in six
patients showed normal intelligence (IQT>80) in
three patients, mild developmental delay (IQT range
50-80) in two patients, and persistence of severe
developmental delay IQT<50) in one patient, who
had undergone surgery when he was 12 years old.
Similar satisfactory results were achieved by
Giannetti et al. [31], who reported another small
series of five patients. They avoided shunt in all very
cases and reordered two complications: one subdu-
ral hygroma (treated with subduro-peritoneal shunt)
and one CSF fistula (treated with lumbar puncture).

16.4 Quadrigeminal Cysts

Arachnoid cysts originated in the quadrigeminal
cistern represent only the 10 % of all intracranial
cysts. They are not homogeneous but have dif-
ferent extension toward surrounding regions,
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Fig. 16.5 (a) Surgical plan for the patient shown on ventricle (d), note the clear ependyma and the two mam-
Fig. 16.4. Cyst membranes are open using Thullium laser ~ millary bodies. Postoperative CT scan (e) showing reduc-
(b). Endoscopic view of the two internal cerebral veins tion of the cyst volume

and of Galen complex (c). Endoscopic view of the third
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according to the presence of loci minoris resisten-
tiae, such as the region of the trigone cranially, the
supracerebellar cistern caudally, the third ventricle
anteriorly, and the ambient cisterns laterally. Most
of them extend both in the supratentorial (at the
level of the trigone) and the infratentorial regions
(in the supracerebellar cistern) (type I). More
rarely, they have only infratentorial extension, in

L

Fig. 16.6 Arachnoid cysts of the quadrigeminal cistern.
Type 1 (a) has a dumbbell shape and occupies equal vol-
ume in the supra and infratentorial space. Type 2 (b) is

the supracerebellar or supraretrocerebellar regions
(type 1), or lateral extension in the ambient cis-
terns toward the temporal lobe (type III)
(Fig. 16.6a—) [16, 27]. Because of their intimate
relationship with the dorsal midbrain, quadrigemi-
nal cysts produce distortion or compression of the
cerebral aqueduct at an early stage [27]. Symptoms
are usually related to the associated hydrocephalus

mostly confined to the infratentorial space, in the retrocer-
ebellar or supracerebellar space. Type 3 (c¢) presents a very
significant lateral expansion through the choroidal fissure
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(macrocrania, headache, vomiting, lethargy, pap-
illedema) and/or compression of the dorsal mid-
brain (impairment of upward gaze and other ocular
disorders).

16.4.1 Indication for Surgery

Large quadrigeminal cyst usually need treatment,
because they distort CSF pathways at an early
stage and become symptomatic. Untreated cysts
may lead to macrocephaly and neurodevelop-
ment delay. Only small cysts not associated with
hydrocephalus and with minimal distortion of the
aqueduct can be managed conservatively, with
close clinical and radiological follow-up, espe-
cially in young children.

Careful evaluation of MR preoperative exams
should be made in order to distinguish quadrigemi-
nal cysts from pulsion diverticula, which are formed
by herniation of the medial wall of the ventricular
atrium into the quadrigeminal cistern through the
tentorial hiatus in case of severe triventricular

Fig. 16.7 Arachnoid cysts of the quadrigeminal cistern,
type 2. Postoperative MRI. Third ventriculostomy is well
visible (a) as well as the flow artifact through the ventricu-

hydrocephalus. Anatomically the diverticula are not
cysts but communicate with the ventricles; there-
fore, the treatment is different: endoscopic third
ventriculostomy (ETV), curing the hydrocephalus,
is usually sufficient to resolve also the associated
diverticula, without additional procedures at the
level of the quadrigeminal cistern.

16.4.2 Selection of Candidates to
Endoscopic Procedure Versus
Alternative Treatments

Because quadrigeminal cysts are almost invari-
ably associated with hydrocephalus, endoscopic
treatment is usually technically feasible because
of the possibility of working in large spaces and
the presence of an area of contiguity between the
cyst wall and the ventricular ependyma (at the
level of the trigone of the lateral ventricle, or at
the level of the posterior third ventricle) or sub-
arachnoid spaces. Third ventriculostomy can be
also performed (Fig. 16.7a, b) [8, 32-34].

locystostomy on coronal cuts (b), performed through the
lateral ventricle following coronal approach. Arrows indi-
cate flow artifact through the stomy
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Extrinsic aqueductal stenosis arising from long-
standing compression by the cyst may persist
despite cyst opening.

Endoscopy can be also considered an alternative
to shunt revision in patients already shunted, in
order to remove the shunt, or to simplify the shunt
system in those patients in whom only one compart-
ment expands (the cyst or the ventricular system),
while the other is adequately drained [16, 27].

16.4.3 Authors’ Preferred Surgical
Technique

In the most frequent presentation (type I), the
cyst extends upward in the lateral ventricle, thin-
ning the floor of the ventricular trigone. In these
cases, a standard precoronal burr hole is indicated
and the upper pole of the cyst, which appears
below the ependyma medial to the choroid
plexus, can be fenestrated (lateral ventricle —cys-
tostomy). Neuronavigation is useful but not man-
datory. The side of incision should be chosen
according to the position of the internal cerebral
veins: the cyst, in fact, has usually an asymmetric
expansion, and the cerebral veins are displaced
contralaterally. The ependyma and the cyst wall
can be opened by monopolar or bipolar laser
coagulation; the fenestration can be enlarged by
grasping forceps and 3-F Fogarty balloon or dou-
ble-balloon catheter (Lighttouch balloon; Integra
Neuroscience, Biot, France). To avoid reclosure
of the stoma, large openings, at least 10—-15 mm
in diameter, should be performed. After decom-
pression of the arachnoid cyst, the endoscope can
be advanced through the foramen of Monro to
perform a standard endoscopic third ventriculos-
tomy. Fenestration of the deep wall of the cyst, if
ETYV is successfully performed, seems to not add
significant advantages.

In case of cysts bulging in the posterior aspect
of the third ventricle (type II), a precoronal trans-
Monro approach to the third ventricle allows fen-
estration of both the anterior wall of the cyst
(third ventricle — cystostomy) and the floor of
third ventricle. In this case, a steerable endoscope
should be preferred, allowing both fenestrations
through the same burr hole. With a rigid endo-

scope, a more anterior burr hole should be drilled,
to reach the posterior part of the third ventricle:
cyst fenestration and ETV can be both performed
only when the ventricular system and the fora-
men of Monro are markedly dilated.

In the case of laterally extending cysts in the
ambient cistern (type III), (Fig. 16.8a—h) a pari-
etal burr hole with the patient head rotated 90° on
the contralateral side is usually indicated to
approach the lateral ventricle at the level of the
trigone. The upper pole of the cyst will appear
just in front of the endoscope. In these cases,
third ventriculostomy cannot be performed;
therefore, further fenestration of the deep wall in
the basal cistern (usually in the cisterna ambiens)
should be attempted. In type III cyst, neuronavi-
gation is very useful, to plan the correct entry
point and to guide the endoscope toward the tar-
get in the basal cistern.

16.4.4 Results

In the last decades, endoscopic treatment has
become the first-line option in the treatment of
quadrigeminal cysts in several centers all around
the world [11, 32-39]. The results are very encour-
aging results, especially when double fenestration
was performed (ventriculocystostomy +third ven-
triculostomy, ventriculocystocisternostomy, dou-
ble ventriculocystostomy).

In our series of 14 cases [30], double fenestra-
tion was realized in 12 cases, with only one fail-
ure (success rate 91 %). All seven cases in which
only ventriculocystostomy was performed failed
and required a second procedure (repeat endos-
copy or shunting).

In our experience, the patients, already
shunted, who present with cysts enlarging,
despite functioning VP shunts, were the most dif-
ficult to treat. The shunts were externalized, and
the drainage bag progressively elevated to obtain
enough space to allow safe endoscopic naviga-
tion. However, their ventricular system was not
so compliant and there were symptoms of
increased ICP before dilation occurred. The
endoscopic procedure was uneventful in only one
out of three cases. In the remaining two cases
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(one of these was complicated by venous bleed-
ing from the cyst walls and also from the third
ventricular floor) the cysts recurred and the
shunts were reimplanted.

In conclusion, neuroendoscopic approaches
can be considered an effective alternative to tradi-
tional methods in the management of quadrigemi-
nal cistern cysts either in primary presentation or

in patients presenting with shunt malfunction. In
case of failure, because of the high success rate
also in secondary cases, endoscopic reoperation
can be considered before considering alternative
treatments. The indications for further interven-
tion depend on the persistence of the patient’s
symptoms and progressive enlargement of the
cyst on postoperative imaging at follow-up.

Fig. 16.8 Arachnoid cysts of the quadrigeminal cistern,
type 3. Preoperative MRI showing surgical trajectory
through a parietal burr hole on coronal (a) and sagittal (b)

views to create a ventriculocystocisternostomy.
Endoscopic vision of the cyst dome as seen through a
right parietal approach (c), the head of the patient is in left
lateral decubitus. The cyst wall is easily recognized as a
dark layer visible through the attenuated ependyma
medial to the choroid plexus. Endoscopic vision of the

anterior pole of the cyst as seen after entrance into the cyst
lumen (d). An area of perforation is identified behind the
posterior clinoid (arrow). Basal cistern as seen endoscopi-
cally through the cyst-cisternostomy (e). Post operative
MRI showing the flow artifact through the ventriculocys-
tostomy (f) and through the cyst-cisternostomy (g). Both
flow artifacts are visible on this sagittal T2 MRI (h).
Arrows indicate the surgical trajectory, Circle indicates
the internal cerebral veins
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Fig.16.8 (continued)
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