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The prevalence of intracranial arachnoid cysts
(ACs) in children is comprised between 1%
and 3%. Most of them are asymptomatic and
no treatment is needed.

ACs can be divided into seven types: supra-
sellar, temporal, intraventricular, quadrigeminal,
posterior fossa, convexity, and interhemispheric.

History, pathophysiology, epidemiology,
clinical presentation, radiological diagnosis,
classifications, association with hydrocephalus,
surgical management and techniques, their out-
come, and complications are discussed.

Three main techniques are available: open
microsurgery, cyst and/or ventriculoperitoneal
shunting, and endoscopic fenestration or a
combination of these techniques.

Suprasellar, intraventricular, and
quadrigeminal ACs appear to be the best
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Abstract

indications for endoscopic fenestration with
better outcome because of their position in
the midline, in intimate relationships with the
basal cisterns and ventricles. For a durable
endoscopic treatment, the key point is to per-
form the largest and more fenestrations as pos-
sible, allowing a better restoration of
cerebrospinal fluid (CSF) pathways. Cortical
cysts seem to be best treated by open micro-
surgery or shunting. Shunt implantation
showed a high rate of complications such as
malfunctions, shunt dependency, slit cyst syn-
drome, or chronic tonsillar herniation that can
be severe but appears to be the best treatment
when indications are well chosen.

When ACs are symptomatic or if hydro-
cephalus is present, the best treatment remains
to create communications between the cyst and
normal CSF cisterns or ventricles, each time it
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is possible with the best mini-invasive single
procedure. The amendment of neuroendoscopy
tends to treat most of ACs, but microsurgical
and shunting procedures still keep a place in
selected cases.

Keywords

Arachnoid cyst - Hydrocephalus - Endoscopy -
Shunt - Suprasellar - Quadrigeminal -
Interhemispheric - Temporal - Slit cyst
syndrome - Chronic tonsillar herniation

Introduction

Arachnoid cysts are fluid-filled sacs that are
located between the brain or spinal cord and the
arachnoid membrane. Their prevalence in chil-
dren is comprised between 1% and 3%. With the
advent and increasing use of magnetic resonance
imaging, arachnoid cysts have been diagnosed
with increasing frequency. Most of them are
asymptomatic. The symptoms depend on the
size, the location, the growth rate, and the obstruc-
tion to CSF circulation. Hydrocephalus can be
associated with different frequency according to
the location.

It is generally accepted that surgical treatment
is not indicated in the case of arachnoid cysts that
are asymptomatic or incidentally discovered.
Hydrocephalus, raised intracranial pressure, sub-
dural hematoma, and focal neurological deficit are
usually considered straightforward surgical indi-
cations. Open debate remains about other symp-
toms like headache, macrocrania, associated
pericerebral collections, developmental delay,
and seizures. The ideal option to manage them
surgically would consist of finding the technical
method that offers the highest success rate with a
single procedure for treating hydrocephalus and
the arachnoid cyst simultaneously diminishing the
complication rate. Different options in the surgical
management exist: open surgery, cyst and/or
ventriculoperitoneal shunting, endoscopic fenes-
tration, or a combination of these techniques, and
the choice among them can depend upon patient-
related factors like age, size, and location and
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surgeon-related factors like surgical experience
in different techniques (i.e., endoscopy) or per-
sonal preferences.

Classification of Intracranial Cysts
Pathology

A cystis a cavity, closed sac-like structure having
a distinct membrane, defined by absence of
solid component, containing fluid or semifluid
matter.

Two classifications of intracranial cysts can
be proposed. The first one, radiologic, emanates
from the fetal diagnosis by ultrasound scan. The
second one comes from postnatal histological
diagnosis.

Prenatal Classification (Intracranial
Cysts Diagnosed in Fetus)

Intracranial cystic lesions are frequently diag-
nosed by fetal ultrasound scan (Malinger et al.
2008), and a useful classification was proposed
according to these findings (Table 1).

Extra-Axial Cysts

Arachnoid cysts are the most common extra-
axial cysts found in prenatal ultrasound (Malin-
ger et al. 2008). Their prenatal diagnosis has been

Table 1 Differential diagnosis of fetal intracranial cystic
lesions (Malinger et al. 2008)

Extra-axial Intraparenchymal | Intraventricular

cysts cysts cysts

Arachnoid cyst | Periventricular Choroid plexus
pseudocyst cysts

Dural Cystic Choroid plexus

separation periventricular hemorrhage
leukomalacia

Glioependymal | Porencephalic cyst

cyst

Endodermal Brain cystic tumor

cyst

Cystic teratoma
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reported in literature. Pilu et al. report 21 cases
(Pilu et al. 1997) and Pierre-Khan and Sonigo
54 cases (Pierre-Kahn and Sonigo 2003). In their
study of 54 cases, 63% of the patients, the arach-
noid cysts were supratentorial, mostly in the
interhemispheric fissure (25%) and then in the
infratentorial region (22,2%). All the cysts were
diagnosed after the 20th week of gestation. All
cases were confirmed by a magnetic resonance
imaging (MRI), allowing better localization and
relationship with adjacent structures. Hogge
et al. published a case of infratentorial arachnoid
cyst earlier, in the 18th week associated with an
unbalanced X;9 translocation (Hogge et al.
1995). Bretelle et al. reported an infratentorial
arachnoid cyst at the 13th week, confirmed his-
tologically after termination of pregnancy at
15 weeks (Bretelle et al. 2002). Sometimes
those cysts are associated with cortical malfor-
mation (Malinger et al. 2007), metabolic disor-
ders (glutaric aciduria type 1), congenital
hypothyroidism (Malinger et al. 2008), neurofi-
bromatosis, tuberous sclerosis, autism, dystonia,
leukodystrophy, and microcephaly. Huang
Huang et al. found in 25% of their 488 patients
with arachnoid cysts an association with other
congenital abnormalities (Al-Holou et al. 2010).
Malinger et al. recommend to follow up longitu-
dinally throughout the pregnancy searching for
other brain anomalies, performing MRI and
glutaric aciduria test (arachnoid cyst in the oper-
cular area particularly).

Differential and rare diagnosis of extra-axial fetal
cysts are glioependymal cysts (neuroectodermal
cysts), endodermal cysts, and cystic teratoma
(Hirano and Hirano 2004; Cassart et al. 2008).

Intraparenchymal Cysts

Periventricular pseudocysts hemorrhage, infec-
tion, ischemia, or tumoral process can generate
cystic lesions in the brain. Often found close to
the central gray nuclei, they can be unique or
multiloculated and unilateral or bilateral. They
are found in 1% of newborns and can develop
after a small hemorrhage in the germinal matrix
that secondary liquefies (Malinger et al. 2008).
They are more rarely a consequence of
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Cytomegalo virus (CMV) infection, metabolic or
chromosomal disorders, and cardiac malforma-
tion. Half of them are asymptomatic after birth.

Cystic periventricular leukomalacia touches
preferably premature newborns or later after hyp-
oxic or ischemic events (Volpe 2008). They are
basically found on the top of the lateral ventricles.
They are formed by a focal necrosis of the peri-
ventricular white matter. Prenatal maternal infec-
tion has been recently studied as a possible cause.

Porencephalic cysts occur after focal necrosis
due to an ischemia in the territory of a major brain
artery (Volpe 2008). Pilu et al. studied ten fetuses
suffering of severe porencephaly. In 90% of them,
the cyst was connected to the lateral ventricles.
60% of the patients were dead due to prenatal
problems or as a result of medical termination.
The remaining 40% of the patients suffered of
severe neurodevelopment delay (Pilu et al.
1997). One case of porencephalic cyst caused by
a car accident during pregnancy has been reported
(Malinger et al. 2008).

Brain cystic tumors defined by the
absence of solid components are very rare.
Malinger et al. found as a possible cause the
intraparenchymal choroid plexus papilloma
(Malinger et al. 2008).

Intraventricular Cysts
Choroid plexus cysts are the most common intra-
ventricular cysts with a prevalence estimate
between 1% and 3.6% of pregnancies (Chinn
et al. 1991). They can be unilateral or bilateral
and found in all places where the choroid plexus is
present but are more prominent in lateral ventri-
cles. This hyperechogenic structure of choroid
plexus is easily recognizable from the 8th week
of pregnancy (Malinger et al. 2008), but cysts are
not observed before 17 weeks and most of the
time disappear before the 26th week. They are
considered as benign lesions, but when they are
multiple, one should search for other lesion
because of the possible association with trisomy
18 and 21 (Malinger et al. 2008).

Intraventricular hemorrhage inside the choroid
plexus, colloid, or ependymal cysts is rarely diag-
nosed by fetal ultrasound.



Hydrocephalus and Arachnoid Cysts

Postnatal Classification (Intracranial
Cysts Diagnosed After Birth)

Nowadays intracranial cysts can be diagnosed
thanks to computerized tomography (CT) and
MRI. But many different types of them have
been identified based on clinical and pathological
studies. Hirano and Hirano propose a simple clas-
sification of intracranial cysts based on the histo-
logical etiologic point of view (Hirano and Hirano
2004). They divide the cysts in two groups: one is
derived from central nervous system tissue and
the other group derived from extracranial tissue.

Cysts Derived from Central Nervous
System (CNS) Tissue

Infarcts, traumatic injuries, and infection can
result into loss of brain tissue. The destroyed
parenchyma is replaced by a fluid cavity, which
often communicates with ventricular or subarach-
noid spaces, and is surrounded by arachnoid
membranes (Hirano and Hirano 2004). When the
parenchymal cavity reaches the brain surface,
they are called porencephalic cysts.

Arachnoid cysts, unlike cysts resulting from
damage to the CNS tissue, are entirely surrounded
by a transparent arachnoid membrane and a more
or less severely flattened cerebral cortex.

Ependymal cysts are deep within the brain
parenchyma and have a single layer of ependymal
cells and an extracellular space containing colla-
gen fibers. The underlying white matter made by
astrocytes may have gliotic reaction, and the cells
show spongy changes (Hirano and Hirano 2004).

Neuroectodermal cysts reported on case
reports are localized in subarachnoid space and
look like arachnoid cysts, but histologically they
distinguish from them by a layer of cuboidal epi-
thelial cells more or less part of choroid plexus on
the walls.

Tumoral cyst of the cerebellar hemispheres
has three known causes: cystic astrocytoma,
hemangioblastoma, or focal angiomas. The wall
of these cysts contains nodules with blood vessels
and tumor cells. The rest of the wall is made by
gliotic astrocytes containing Rosenthal fibers and
overlying white matter (Hirano and Hirano 2004).
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Cysts caused by infectious agents have two
main origins: cysticercosis and toxoplasmosis.
The walls of cysticercosis cyst are very similar
to the bacterial abscesses with a layer of multi-
nucleated giant cells and inflammatory cells
surrounded by a layer of connective tissue and
reactive gliosis (see part “Main Etiologies”,
chapter » “Neurocysticercosis: Pharmacological
and Surgical Handling in Open and Endoscopic
Surgery”). The cyst wall of toxoplasmosis is
surrounded by cytoplasmic processes of astro-
cytes containing abundant glial fibrils. Those
cysts are intracytoplasmic inclusion bodies
(bradyzoites) distinguished from cysticercosal
cysts. One can observe tachyzoites in macro-
phages, reactive astrocytes, and in extracellular
space (Hirano and Hirano 2004).

Cysts Derived from Extracranial Tissue

These cysts derive from the intrusion of
non-nervous tissue into the neuroaxis and often
originate in one of these subarachnoid regions: the
pineal gland region, the suprasellar cistern, and
the cerebellopontine angle. All of these lesions
may grow to considerable size before clinical
symptoms appear (Hirano and Hirano 2004).

Teratomas are rarely purely cystic and often
associated with keratin-forming epidermis, hair
follicles, and sweat glands.

Dermoid and epidermoid cysts result from
aberrant inclusion of ectodermal elements during
neural tube closure, between the 3rd and 5th week
of pregnancy. Epidermoid cyst with a hilly
appearance and a white pearly coloration is
made by a squamous stratified and keratinized
epithelium delimiting a cavity in which desqua-
mated cell degradation products accumulate as an
amorphous material, rich in keratin and choles-
terol. Dermoid cysts do not have the same milky
white appearance characteristic. The epithelium is
similar, but its wall contains dermal elements as
hair follicles, sebaceous and sweat glands, and
sometimes fat lobules. The cyst contains hetero-
geneous mixture of keratin, cholesterol, seba-
ceous and sweat secretions, and very often hair.
Both of them wall are avascular and may contain
islands of calcification.


https://doi.org/10.1007/978-3-319-27250-4_60
https://doi.org/10.1007/978-3-319-27250-4_60
https://doi.org/10.1007/978-3-319-27250-4_60
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Craniopharyngiomas (8-13% of primary
brain tumors in children), typically from the
suprasellar region, are classically considered as
developing from epithelial remnants of the
Rathke’s cleft. This tumor contains in varying
proportions: a thick part, cysts, and calcifications.
Sometimes the tumor is essentially made of
macrocysts that contain a yellow, brownish, or
green liquid and often “glitter” of cholesterol.
Their wall is smooth and translucent or dotted of
fine calcifications.

Endodermal cysts result from invagination or
displacement of endodermal tissue into the
neuroaxis. They are more frequent in the spine in
intradural extramedullary space. The cyst wall is
made by a single layer of cuboidal epithelium
containing cilia and microvilli in direct contact
with connective tissue. Many similarities can be
found with the upper respiratory tract (Hirano and
Hirano 2004).

Colloid cysts of the third ventricle (0.5-2% of
primary brain tumors) are sharply bordered oval
masses below the fornix of the septum
pellucidum, made of a thin wall, clear, or even
translucid containing a gelatinous elastic sub-
stance of variable density. They occupy the
extension of the subarachnoid space called
velum interpositum as the neuroectodermal
tumors in the pineal region (Hirano and Hirano
2004). The size of the lesion is variable, ranging
from few millimeters to several centimeters. The
possible origin of these dysembryoplastic cysts
may be neuroectodermal or endodermal. Micro-
scopically the wall consists of a conjunctive cap-
sule covered with a unilayered or multilayered
epithelium made of cubic or cylindrical cells that
may contain cilia. The mucus content is rich in
carbohydrates and acellular and can contain
microcalcifications.

Rathke’s cleft cysts, literally placed in the
pituitary region, may have endodermal and epi-
dermal features. Desmosomal connections
between the cells of the superficial layer of
respiratory-type epithelium and the underlying
cells of squamous epithelium have been
observed (Hirano and Hirano 1988). They have
also showed junctions between epithelial cells
lining a cyst in the pars intermedia of the
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Table 2 Neuropathological classification of intracranial
cystic lesion (Hirano and Hirano 2004)

Derived from

Derived from CNS tissue extracranial tissue

Cysts resulting from
damaged CNS tissue:
infarcts, traumatic injuries,
infection, porencephalic
cysts

Arachnoid cysts

Teratomas, dermoid
and epidermoid cysts

Craniopharyngioma
Ependymal cysts Endodermal cysts
Neuroectodermal cysts
(glioependymal)
Obstructive hydrocephalus

Cysts of the cerebellar
hemispheres

Colloid cysts

Rathke’s cleft cysts
Enterogenous cysts

Cysts caused by infectious
agents: cysticercosis,
toxoplasmosis

CNS central nervous system

pituitary gland with anterior pituitary cells
containing secretory granules.

Enterogenous cysts can be found within the
neuroaxis (Hirano and Hirano 1988). Similar to
the gastrointestinal tract, the epithelial cyst walls
do not contain cilia but goblet cells with secretory
granules and occasional small dense Kultschitzky’s
cells containing neurosecretory endocrine vesicles
(Table 2).

This chapter will be focused mainly on intra-
cranial arachnoid cysts and their relation with
hydrocephalus.

Arachnoid Cysts
Epidemiology

For this epidemiological analysis, we will partic-
ularly insist on the two largest series found in the
literature: the one of Al-Holou et al. with
309 arachnoid cysts found on 11,738 MRI
(Al-Holou et al. 2010) and the one of Huang
et al. with 488 cases of arachnoid cysts (Huang
etal. 2015).

With the improvement in quality and quantity
of diagnostic imaging realized, the number of
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incidentally founded arachnoid cysts has
increased. Older studies focusing on adults esti-
mate arachnoid cysts prevalence between 0.2%
and 1.7% (Katzman et al. 1999; Weber and
Knopf 2006; Naidich et al. 1985; Eskandary
et al. 2005). Pediatric studies especially the one
of Al-Holou et al. who reviewed MRI of 11,738
patients under 18 years of age found a prevalence
rate of 2.6% (Al-Holou et al. 2010). Pascal-
Castroviejo et al. reported a higher prevalence in
their series (13%) (Pascual-Castroviejo et al.
1991). Al-Holou et al. found two peaks of preva-
lence at 1 year (3.8%) and 5 years (4.6%).
Most patients with arachnoid cysts often present
during the first two decades of life. Large ones
and those symptomatic are frequently seen in
younger ages contrary to incidental ones that do
not have age preference. Some appear with spon-
taneous bleeding inside the cyst or bleeding/rup-
ture in subdural or extradural spaces (Martinez-
Lage et al. 2011).

The sex ratio is nearly 2:1 in favor of males,
especially in middle fossa arachnoid cysts
(Oberbauer et al. 1992; Pierre-Kahn and Sonigo
2003; Al-Holou et al. 2010; Candela et al. 2015;
Martinez-Lage et al. 2011). There is no sex pre-
dilection for location. Most of the time, the
arachnoid cyst is single (93% in the series of
Huang et al.).

Twenty percent of the cysts in Al-Holou
et al. ’s series were larger than 5 cm. Those
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in the anterior fossa were larger than cysts
found in other locations.

Supratentorial cysts are found in 62-85% and
infratentorial in 15-38% (Tables 3 and 4).

The middle fossa is the most common location
with a rate between 25% and 72% according to the
series (Huang et al. 2015; Al-Holou et al. 2010;
Campistol Plana et al. 1983; Oberbauer et al.
1992; Spacca et al. 2010; Wester 1999), with a
left side predominance.

Clinical Presentation

Most of arachnoid cysts are asymptomatic and
discovered incidentally. The apparition of clinical
symptoms due to the cyst depends on its location,
evolution, etc. It is difficult to attribute a percent-
age of symptomatic cysts according to the litera-
ture because of unspecific, insidious, non-related
symptoms that lead to diagnostic imaging. Intra-
cranial arachnoid cysts typically become symp-
tomatic in patients before the age of 20 years but
mostly during the first decade (Oberbauer et al.
1992). With respect to the largest series, clinical
symptoms attributed to the arachnoid cyst were
present in 5-25% of the cases (Huang et al. 2015;
Al-Holou et al. 2010).

Hydrocephalus is not the main cause of symp-
toms in arachnoid cysts, and there is an abundance
of clinical manifestations. The commonest and

Table 3 Clinical manifestations in arachnoid cysts (except incidental)

Combined literature

Huang et al. (2015)

Al-Holou et al. (2010)

Signs/symptoms data (%) (488 patients) (%) (309 patients) (%)
Hydrocephalus 2-80 - 33.3
Macrocephaly 7-50 11.4 38.1
Headache 33-49 48.8 333
Increased intracranial 8-49 8.1 19
pressure

Focal signs (motor, 2-38 - 4.8
phasic)

Developmental delay 2-25 - 23.8
Seizure 5-24 23.6 4.8
Visual disorder 2-14 1.6 -
Behavioral/psychiatric 7-10 6.5 9.5
disorders

Endocrine disorders 5-6 - -
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Table 4 Anatomical distribution of arachnoid cysts

Combined
literature data
Location (%)
Supratentorial 62-85
Middle cranial fossa | 25-72
Convexity 4-17
Interhemispheric 0.4-15
Suprasellar 1.4-21
Quadrigeminal 1-10
Intraventricular 0-5
Infratentorial 15-38
Midline cerebellar 5-37
region
(Retrocerebellar,
supracerebellar)
Cerebellopontine 4.3-27
angle
Lateral cerebellar 724

region

unspecific presenting symptom is headache, which
can be due to the direct cyst pressure, intracranial
hypertension, or hydrocephalus. Headache is pre-
sent in 14-20% of arachnoid cyst cases but exists
in 50-90% of symptomatic cysts.

Infants and young children may present with
macrocrania, split sutures, developmental delay,
and irritability. Older children may manifest intra-
cranial hypertension’s signs such as headaches,
nausea and vomiting, blurred vision, abducens
nerve paresis, dizziness, papilledema, behavioral
problems, and psychiatric disorders (Martinez-
Lage et al. 2011).

Temporal arachnoid cysts seem to present
mostly before the age of 16 (Boop et al. 1998).
They can produce headache, dizziness, psycho-
motor delay, behavioral abnormalities or
other problems in school, phasic disorders,
hemiparesis, partial or general seizures, and
ventriculomegaly (Arai et al. 1996; Rocco et al.
2003; Fewel et al. 1996; Levy et al. 2004;
Naidich et al. 1985; Oberbauer et al. 1992;
Pascual-Castroviejo et al. 1991; Shim et al.
2009; Tamburrini et al. 2008; Zada et al. 2007).
More than in other locations, cysts of the middle
cranial fossa can undergo a posttraumatic or
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spontaneous intracystic or subdural hemorrhage
or realize a hygroma by communication or rup-
ture in the subdural space. Spontaneous resolu-
tion of the cyst following rupture has been
described.

Suprasellar cysts usually produce hydroceph-
alus, macrocephaly, chiasm, optic or oculomotor
nerve compression (papilledema, optic atrophy,
bitemporal field cuts), endocrine alterations by
compression of the pituitary stalk or the hypothal-
amus, developmental delay, motor deficits, and
sometimes the “bobble-head doll” syndrome,
which is pathognomonic (Ersahin et al. 2008;
Hinojosa et al. 2001; Pierre-Kahn et al. 1990b;
André et al. 2016; Gui et al. 2011).

Posterior fossa cysts usually manifest by
hydrocephalus and intracranial hypertension and
cerebellar syndrome such as ataxia, dysmetria,
intention tremor, and nystagmus or less frequently
with diverse cranial nerve paresis (vertigo, diplo-
pia, hearing loss, trigeminal neuralgia, facial
paresis, or hemifacial spasm) and brain stem com-
pression (pyramidal signs, respiratory disorders)
(Di Rocco et al. 1981; Galarza et al. 2010; King
et al. 2010; Oberbauer et al. 1992; Zada et al.
2007). Cysts of the cerebellopontine angle usually
have a long history of slowly evolving symptoms
referable to stretching of cranial nerves and dis-
tortion of the cerebellum.

Quadrigeminal cysts may present, besides
hydrocephalus that can appear early, nystagmus,
Parinaud’s syndrome, hearing disturbances, or,
rarely, motor deficit.

Intraventricular cysts may present with
macrocephaly and hydrocephalus in infants,
focal seizures, ataxia or other gait disturbances,
blurred vision or diplopia, and with position-
related headaches in older patients (Martinez-
Lage et al. 1992; Tamburrini et al. 2007).

Interhemispheric cysts can have a unique
clinical presentation pattern with macrocrania,
seizures, and developmental delay, in relation
with the frequently complex associated cerebral
malformations such as focal or diffuse cerebral
dysplasias, tonsillar descent, agenesis of the cor-
pus callosum, and abnormal midline septi
(Martinez-Lage et al. 2011).
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General Anatomical Classification

Different classifications of arachnoid cysts are
found in the literature and are based on localiza-
tion, morphology, and evolution of the cyst and
will be treated in each subchapter. It is important
to take into account the anatomical variability of
arachnoid membranes and cisterns and the possi-
ble occupation of several cisterns or regions
according to the size of the cyst.

First of all, arachnoid cysts are divided
between supratentorial and infratentorial. Those
supratentorial contain arachnoid cysts of middle
fossa (temporal), convexity, hemispheric,
interhemispheric, suprasellar, intraventricular,
and quadrigeminal. Those infratentorial have
many classifications in the literature.

All authors agree to differentiate arachnoid cysts
of'the posterior fossa from other malformations such
as mega cisterna magna or Dandy-Walker and its
variant (see part “Prenatal and Neonatal Hydroceph-
alus”, chapter » “Hydrocephalus Associated with
Cerebral Malformations™).

Radiology

Diagnosis of arachnoid cysts can be easily made
by currently imaging modalities, mainly CT
and MRI.

Ultrasound (Fig. 1)

The echographic pregnancy monitoring has allo-
wed a major detection of intracranial lesions
where they appear as hypoechogenic (Bretelle
et al. 2002; Cassart et al. 2008; Chinn et al.
1991; Hogge et al. 1995; Malinger et al. 2007,
2008; Pilu et al. 1997). Prenatal ultrasound can
detect hydrocephalus in early periods of gesta-
tion. Figure 1 shows an interhemispheric and a
posterior fossa arachnoid cyst on prenatal
ultrasound.

CT Scan (Fig. 2)
Arachnoid cysts appear hypodense, with CSF
density, without contrast enhancement. Adjacent
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calvarial remodeling and hypoplasia of the adja-
cent brain parenchyma are common, especially
in middle cranial fossa arachnoid cysts. Figure 2
shows a suprasellar arachnoid cyst associated to
hydrocephalus on a CT Scan.

MRI (Figs. 3 and 4)

They appear hypointense on T1 sequences and
hyperintense on T2, because they are usually
isointense with CSF. The demarcation of the
cyst surface is well contoured and in intimate
relationship with subarachnoid cisterns, without
enhancement after gadolinium injection, which
distinguish them from other cystic lesions. The
signal of the adjacent brain is of normal intensity.
In diffusion they reveal a low signal secondary
to high water diffusivity and high apparent dif-
fusion coefficient (ADC). It has been demon-
strated that diffusion-weighted sequences
can help to distinguish arachnoid cysts and
epidermoid tumors from cysts of the middle
cranial fossa, clivus, and cerebellopontine angle
(Tsuruda et al. 1990). Suprasellar arachnoid
cysts need to be differentiated from craniophar-
yngiomas and Rathke’s cleft cysts. Intraventric-
ular arachnoid cysts must be differentiated from
epidermoid, dermoid, and parasitic cysts.

Concerning the pathophysiology of CSF flow
perturbation, MRI with CSF flow sequences can
be very useful. Several MRI sequences can qual-
itatively assess and quantify pulsatile CSF flow in
regions of interest. MRI coupled to the
neuronavigation is a very useful technique, help-
ing the intraoperative orientation inside cysts,
ventricles, and cisterns, because of the distorted
anatomy.

As important as the preoperative planning, the
postoperative imaging by MRI allows the assess-
ment of the patency of stomas through the various
fenestrations and the global pathway of CSF with
resolution of eventual preexisting hydrocephalus.
The second reason to perform postoperative MRI
is the detection of possible complications: sub-
dural hygroma or subdural, intracystic, and intra-
ventricular hematoma. Long-term radiological
follow-up allows the observation of the slow
decrease of the cyst’'s size and excludes
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Fig. 1 Axial sections of prenatal ultrasounds showing (a) an interhemispheric arachnoid cyst. (b) A posterior fossa

arachnoid cyst

recurrences. Figure 3 shows a posterior fossa
arachnoid cyst on pre- and postnatal MRI. Figure 4
shows an interhemispheric arachnoid cyst on pre-
natal MRIL.

Cisternography

Isotope cisternography and ventriculography
were first described during the 1960s to study
the cerebrospinal fluid circulation. A radionuclide
is injected into the lumbar subarachnoid space, the
progress of the tracer’s diffusion through the CSF

is recorded by a nuclear medicine gamma camera
immediately, at 6 h and at 24 h. The first who
described the technic for an arachnoid cyst was
Goluboff (1973). Indeed, he discovered a poste-
rior fossa arachnoid cyst obstruction of natural
CSF pathways and stagnation of the tracer in a
large volume of the posterior fossa, confirmed by
subsequent surgery.

CT cisternography has been described for the
first time during the 1970s. Metrizamide is a non-
ionic low-osmolar radiopaque contrast agent that is
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Fig. 2 Axial section of computed tomography realized in
emergency showing acute obstructive hydrocephalus with
a suprasellar arachnoid cyst

injected into thecal sac by lumbar puncture. Then a
computed tomography is performed. Its applica-
tion for arachnoid cysts was described at the end
of'the 1970s and beginning of 1980s. Galassi et al.
used it to erect a classification and understand the
pathophysiology of arachnoid cysts of the middle
cranial fossa (Galassi et al. 1982).

Radionuclide cisternography is more sensitive
but has poor anatomic resolution compared to CT
cisternography.

These methods have long been used for preop-
erative strategies but are now almost obsolete.

Epidemiology of Hydrocephalus
in Arachnoid Cysts

The incidence of hydrocephalus in arachnoid
cysts goes from 2% to 80% of cases depending
on the cyst location. About prenatal diagnosed
cysts, Pierre-Khan and Sonigo found an incidence
of 2% of hydrocephalus and 16.6% of ventricu-
lomegaly (Pierre-Kahn and Sonigo 2003). During
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postnatal follow-up of the same patients, they
found up to 17% of hydrocephalus.

Posterior fossa and midline arachnoid cysts
often evolve with symptoms of hydrocephalus
with respect to other locations such as Sylvian
cysts where it is exceptional (Pierre-Kahn and
Sonigo 2003) (5% of 54 children). Marinov et al.
reported hydrocephalus in 75% of their series of
58 patients, only in the cysts of the midline and
posterior fossa (Marinov et al. 1989). Fewell et al.
found 40% of hydrocephalus in 102 arachnoid
cysts, with 80% of their posterior fossa and 90%
of their suprasellar cysts (Fewel et al. 1996). So
60% of the midline arachnoid cysts of their series
developed hydrocephalus. In a series of 170 pedi-
atric cases, all the suprasellar and all the
quadrigeminal cysts had hydrocephalus but only
half of those in posterior fossa (Shim et al. 2009).
Al-Holou et al. reported only 2% of hydrocepha-
lus requiring treatment in the follow-up of their
series of 309 patients, but 93% of the cysts were
asymptomatic (Al-Holou et al. 2010). Galarza
et al. found also only 30% of hydrocephalus of
ten patients with posterior fossa cysts and tonsillar
descent (Galarza et al. 2010). In a series of eight
patients operated on for infratentorial arachnoid
cyst, 25% was for arrested hydrocephalus, and all
of them had macrocephaly (Di Rocco et al. 1979).
Zada et al. reported an incidence of hydrocephalus
of 14% in 44 patients under 2 years of age (Zada
et al. 2007). Martinez-Lage et al. had 32% of
hydrocephalus in a series of 99 cysts. André
et al. reported an incidence of 43% of hydroceph-
alus in a series of 35 suprasellar arachnoid cysts.

Pathophysiology of Arachnoid Cyst
Formation

Normal dural anatomy is extensively described in
part, “Basics, Anatomy, Embryology, Physics,
and Morphology” chapter » “Anatomy of the
Cranial and Spinal Meninges.”

It is important to note that subarachnoid spaces
are crossed by networks of fine, continuous, sheet-
like trabeculae that divide the space into compart-
ments, facilitating a more directional CSF flow.
Trabeculae enclose small blood vessels and
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Fig. 3 Posterior fossa arachnoid cyst on (a) prenatal T2-weighted MRI, sagittal section (b, ¢) Completed by a postnatal
MRI. (b) sagittal T2-weighted section. (c) axial T2-weighted section

adhere to the surface of larger blood vessels and
nerves in the subarachnoid space. Liliequist’s
membrane is the most important part of the tra-
becular arachnoid and is directly concerned by
suprasellar arachnoid cysts. Various descriptions
about its morphology, orientation, attachment,
classification, and relationship with surrounding
structures have been studied.

History

In 1831 Bright makes the first description of an
arachnoid cyst in his volume Diseases of the brain
and nervous system in the serious arachnoid cysts
section (Bright 1831). He describes them as cysts
connected to and surrounded by layers of arach-
noid. In his book he reported two cases and
believed that they were chronic formations with
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Fig. 4 Interhemispheric arachnoid cyst on a prenatal T2-weighted MRI. (a) Coronal section. (b) Axial section.
(c) Sagittal section

a low potential for growth. Later, in the twentieth
century, the use of microscopic techniques will
confirm that these cysts are really intraarachnoidal
(Starkman et al. 1958). In 1978, Rengachary et al.
showed a photomicrograph illustrating Bright’s
observation (Rengachary et al. 1978). They
observed splitting of the arachnoid membrane at
the margin of the cyst and a lack of trabecula
within the cyst, whose walls contained hyperplas-
tic arachnoid cells and a thick layer of collagen.
So they confirmed Bright’s finding that arachnoid
cysts are raised within arachnoid membrane and
not within the subarachnoid space.

However, the pathogenesis has been more con-
troversial. Several theories appear about the origin
of these cysts, considering secondary to trauma,

infection, or bleeding (Trowbridge and French
1952).

The pathogenesis of arachnoid cysts is not
really known. Often the adjacent brain is hypo-
plastic, and sometimes the cyst is accompanied by
deformity of the adjacent cranial bone, even with
apparently normal intracranial pressure (Conde
Sardon 2015). It would imply that arachnoid
cysts could be secondary to a defect in the fetal
development. The middle fossa cysts are often
accompanied by abnormalities of the Sylvian
veins, which imply a failure between weeks
6 and 10 of the fetal development (Sato et al.
1983, 1991; Sugata et al. 2003). Sugata supports
this theory of the early failure because giant pos-
terior fossa cysts are accompanied by an elevation
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of the tentorium, the straight sinus, and the
torcular. With the same point of view, Robinson
describes arachnoid cysts as congenital but sec-
ondary to agenesis/hypoplasia of the temporal
lobe. It is his concept of “Temporal agenesis syn-
drome” (Robinson 1964), but this theory is now
considered obsolete.

Trowbridge and French have also attributed to
arachnoid cysts a congenital origin. Their hypoth-
esis is that they are formed by remnants of embry-
onic tissue with secretory capacity (Trowbridge
and French 1952). Starkman et al. proposed that
the problem doesn’t come from anomaly of brain
development but from an aberrant CSF flow. The
CSF produces a tear in the developing arachnoidal
membrane, creating diverticula and eventually
capturing those diverticula and CSF (Starkman
et al. 1958). Miyajima et al. propose that some
suprasellar cysts are caused by dilatation of the
interpeduncular cistern (Miyajima et al. 2000).
Fox and Al-Mefty said that the origin of supra-
sellar cysts is from a diverticulum of the Liliequist
membrane, imperforated because of inflammation
(Fox and Al-Mefty 1980). Wester suggests that
the middle fossa cysts result from an incomplete
fusion of the arachnoid membrane of the frontal
and temporal lobes during the development of the
Sylvian fissure in early fetal life, thereby creating
a non-communicating fluid compartment entirely
surrounded by arachnoid membranes (Wester
1999). It is also showed that some arachnoid
cysts develop around tufts of ectopic choroid
plexus (Schuhmann et al. 2000). A more unusual
location is the ventricular system (Nakase et al.
1988; Martinez-Lage et al. 1992; Di Rocco et al.
1979). The arachnoid cysts of the lateral ventricles
could be formed from the remnants of arachnoid
cells trapped in the developing ventricles from the
vascular mesenchyme that formed the choroid
plexus through the choroid fissure. The mecha-
nism could be similar for the cysts of the fourth
ventricle. Suprasellar cysts could be formed
through fissures of arachnoid making hernia
through the diaphragma sellae or arachnoid rem-
nants in the sella (Harter et al. 1980).

Most of the cysts do not increase. Becker et al.
found no correlation between the age of the
patient and the size of the cyst (Becker et al.
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1991). Increased pressure inside the cyst has
been documented (Kumagai et al. 1986). Several
theories try to explain this fact. Growth of cysts
has been explained by the existence of an osmotic
gradient (Dyck and Gruskin 1977) or production
of liquid from its walls. Go et al. have shown in
their study a high level of activity of the Na/K
ATPase pump and many microvilli with similar
form to the secreting mesothelium of the arach-
noid granulations and villi (Go et al. 1986). In a
few cases, it has been shown plumes of choroid
plexus incorporated into the cyst wall (Handa and
Bucy 1956; Schuhmann et al. 2000).

More recently, a valvular mechanism with lig-
uid flow in one direction called slit-valve mecha-
nism has been demonstrated. This valve would
allow entry in the cyst during cardiac systole and
accumulation during the periods of elevation of
intracranial pressure. This communication has
been shown by cine MRI and direct visualization
by endoscopic procedures (Santamarta et al. 1995;
Schroeder and Gaab 1997). In the case described
by Schroeder and Gaab, a suprasellar cyst was
penetrated by the basilar artery with a slit-valve
mechanism formed by an arachnoid membrane
surrounding the artery. Cysts may or may not
communicate with subarachnoid space. Probably
the non-communicants result from communicant
ones where the small entry point has been closed
secondarily. This would explain why many of the
large cysts of the middle fossa commonly are not
communicant (Galassi et al. 1982). Some articles
report that coexistent or preceding hydrocephalus
could play an important role in arachnoid cyst
expansion (Martinez-Lage et al. 1999; Di Rocco
et al. 1981). In fact, increased hydrocephalus or
ventriculomegaly after the placement of a cyst
shunt or, on the contrary, increasing size of arach-
noid cysts after a ventricular shunt placement has
been described. It may be because of CSF
dynamic perturbation of the physiological pres-
sure balance between subarachnoid spaces and
ventricular system.

Embryopathogenesis

The endomeninx or primitive meninx, which is
the precursor of the dura mater and arachnoid
mater, surrounds as a loose layer of mesenchyme,
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the neural tube during the early embryonic period.
At the 15th week of gestation, the subarachnoid
space can be detected, and then the rupture of the
rhombic roof allows the CSF circulation. This
flow contributes to the arachnoid development
creating trabeculae that form the “spider web”
structure of the subarachnoid space. An anomaly
in this process could explain the accumulation of
CSF within the arachnoid and form an arachnoid
cyst (Martinez-Lage et al. 2011; Pascual-
Castroviejo et al. 1991; Naidich et al. 1985).

Histological Aspects (Fig. 5)

Histological studies (Garcia-Conde and Martin-
Viota 2015) show arachnoid cysts as abnormal
accumulation of CSF between the two layers that
constitute arachnoid (Zada et al. 2007). The walls
of arachnoid cysts are composed of a vascularized
collagen membrane with flattened arachnoid cells
without epithelial or glial wall (Naidich et al.
1985). They are slightly thicker because of this
collagen accumulation and sometimes also
because of hyaline changes. The subarachnoid
space below arachnoid cysts is obliterated, and no
signs of inflammation are observed, unless if a
prior hemorrhage exists which relates to the pres-
ence of blood vessels, either on the cyst walls or
inside it. At the edges of the cyst, both layers are
merged to constitute the normal arachnoid mem-
brane (Rengachary and Watanabe 1981). The
underlying brain is normal but can be compressed
depending on the size and topography of the cyst.
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When the compression is important, the brain
parenchyma may present fibrillar gliosis and neu-
ronal atrophy, without evidence of a primary brain
tissue lesion. However, in posterior fossa cysts
remnants of choroid plexus are observed. In supra-
sellar and prepontine cysts, we can find neuroglial
elements which remind those found on the floor of
the third ventricle (Pradilla and Jallo 2007). Supra-
sellar arachnoid cysts have been attributed to an
upward extension of the membrane of Liliequist
(Fox and Al-Mefty 1980). Figure 5 shows histo-
logical sections of the wall of a posterior fossa
arachnoid cyst.

Treatment

General Principles

Surgical treatment is not indicated in case of
asymptomatic or incidentally discovered cysts or
in case of symptoms clearly unrelated with the
cyst. Almost all investigators agree in treating
patients with associated hydrocephalus, raised
intracranial pressure, subdural hematoma, or
focal clinical signs. Other situations such as asso-
ciated subdural hygromas, development delay, or
epilepsy remain debated and should be evaluated
case by case. The choice of the most appropriate
surgical approach for the treatment of pediatric
arachnoid cysts remains widely debated. No pro-
spective randomized (controlled) clinical trial
exists comparing treatment options.

Fig. 5 Histological sections of the wall of an arachnoid cyst of the posterior fossa (with HES stain), comprising a
fibrovascular stroma and a cubo-cylindrical lining. (a) 5x magnification. (b) 10x magnification
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Different options include open surgery with
cyst fenestration or excision, cyst and/or ventricu-
loperitoneal shunting, endoscopic fenestration, or
a combination of these techniques.

In the 1980s, most of the articles discussing the
treatments favored the use of shunts, probably
because of a high rate of morbidity and mortality
of operative craniotomies during the 1960s and
1970s. Then micro neurosurgery has taken over
large craniotomies, and the techniques have
evolved, reducing significantly the complications.
So, the trend reversed in favor of microsurgery
because the belief was that fenestrate a cyst is to
cure it (Fewel et al. 1996) while complications of
shunting revealed in the forefront, with its burden
of malfunction, shunt dependency, etc. In the end
of the 1990s, neuroendoscopy offered a mini-
invasive alternative to fenestration, accelerating
the trend to avoid shunts and craniotomies when-
ever possible.

Microsurgical Procedure

Authors in favor of open surgery with cyst fenes-
tration or excision defend a success rate (good
outcome) of 75% avoiding the risks of shunt
dependence and complications (Oberbauer et al.
1992; Fewel et al. 1996; Galarza et al. 2002;
Gangemi et al. 2011) but with a recurrence rate
around 30%. Probably open surgery offers a better
anatomical control and the possibility of using
microsurgical instruments for better excision of
the membranes; the capacity to open larger fenes-
trations of the cyst in basal cisterns, subarachnoid
space, and ventricles; and better hemostasis. But it
is important to think about the risks of a craniot-
omy in the benefit-risk balance, mostly in pauci
symptomatic patients. In old studies, the cyst
recurrence rate was not so low (Choux et al.
1978; Sprung and Mauersberger 1979), and sev-
eral complications were reported such as menin-
gitis, subdural hematoma, seizure, hemiparesis,
and death (Choux et al. 1978; Aoki and Sakai
1990; Ciricillo et al. 1991; Fewel et al. 1996).
Open approach is aggressive also because of bru-
tal decompression of the brain, due to the neces-
sary intraoperative drain of the cyst, which can
provoke intraparenchymal hemorrhage and sub-
dural hematoma/hygroma. In case of associated
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hydrocephalus, there is no proof of utility of this
kind of single approach, and the necessity of sec-
ondary CSF derivation is estimated between 24%
and 80% (Raffel and McComb 1988; Ciricillo
etal. 1991; Fewel et al. 1996).

Shunting

Some authors recommend to use initially a ven-
tricular shunt especially in children younger than
2 years who present with hydrocephalus or macro-
cephaly (Marinov et al. 1989; Zada et al. 2007).
Concerning cystoperitoneal shunts, one of the
advantages is the possibility to perform a gradual
reduction of cyst size probably better than sudden
microsurgical decompression, helping the brain
re-expansion.

The Necker’s team, in 2002, advocated the
inutility of the addition of a ventriculoperitoneal
shunt in case of implantation of a cystoperitoneal
shunt, adding a double-risk of postoperative shunt
complications, with pressure differences between
the various compartments (Pierre-Kahn et al.
2002). They showed the regression of an
infratentorial cyst, the reopening of the aqueduct,
and the decrease of hydrocephalus. Pierre-Khan
reported also the case of expansion of a supra-
sellar cyst after the derivation of hydrocephalus
(Pierre-Kahn et al. 1974).

The weaknesses of shunting are infections and
hemorrhage (Arai et al. 1996; Aoki and Sakai
1990; Raffel and McComb 1988). But the major
drawback of extracranial CSF shunting is the pro-
pensity of these methods for developing over
drainage (Martinez-Lage et al. 2011), especially
in middle fossa cysts with shunt dependency like
the slit cyst syndrome, cranioencephalic dispro-
portion, and acquired Chiari malformation
(Caldarelli et al. 2009; Di Rocco 2010; Marti-
nez-Lage et al. 2009; Shim et al. 2009; Sunami
et al. 2002; Zada et al. 2007; Alexiou et al. 2010).
Also we should take into account the risk for
surrounding structures of a shunt placement in
critical locations such as suprasellar or posterior
fossa (Ali et al. 2014). The propensity for valve
dysfunction with a need of reoperation is esti-
mated at 30% in the literature, but Germano
et al. had a lower rate using programmable valves
(Germano et al. 2003).
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Endoscopic Procedure

In 1974 Pierre-Kahn et al. described the procedure
of fenestration of a suprasellar cyst with a
leukotome, under ventriculographic/radioscopic
control (Pierre-Kahn et al. 1974). The same author
described four cases of cyst fenestration under
endoscopic control. In 1988 Auer had already
described endoscopic treatment of an arachnoid
cyst. Endoscopic neurosurgery has since been
increasingly used in the management of arachnoid
cysts especially with associated hydrocephalus or
for the insertion of intracystic catheters (Abbott
2004; Talamonti et al. 2011). Abott described
amply the technique in his article (Abbott 2004).
He reminds us that the walls of arachnoid cysts,
rich in collagen, may be difficult to penetrate but
also to see through them and avoid lesion of
vascular-nervous structures. The necessity of scis-
sors or knifes is usual, followed by inflations of a
balloon in the hole or its enlargement by instru-
mental dissection. The goal is to perform the
largest possible safe fenestrations. According to
him, as for any minimal invasive surgery, the most
important thing is not to hesitate to convert to an
open surgery if craniotomy is needed, because of
failure, hemorrhagic complication, etc. He
reminds us of the need to anticipate the possibility
of conversion to open surgery, informing the
patient and his family preoperatively. Authors
referred also the possibility, if necessary, of the
introduction of a second operative channel, to use
more instruments, or to place a catheter precisely
in the cyst or ventricles (Abbott 2004; Jallo et al.
1996; Fujio et al. 2016).

Neuroendoscopy is nowadays considered the
best compromise of definitive treatment and shunt
independence with least surgical morbidity
(Nowostawska et al. 2006; Shim et al. 2009;
Tamburrini et al. 2007; Pierre-Kahn et al. 2002).
With respect to open surgery, there is less surround-
ing tissue injury and a shorter length of stay due to
minimally invasive treatment. It is possible to per-
form fenestration to the basal cisterns, the ventri-
cles, or both (cysto-ventriculocisternostomy).
Whereas microsurgical procedures require an
open environment work, endoscopic procedures
are conducted in liquid environment within or
around the cyst and cisterns, characterized by the
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absence of cystic draining and sudden cerebral
decompression.

Sophisticated advances include the use of
intraoperative neuronavigation or ultrasonogra-
phy. These operating aids can help to manage
multiloculate hydrocephalus. The principal draw-
backs are the need of specialized training which
requires a learning curve (Martinez-Lage et al.
2011; Lopez et al. 2015; Abbott 2004) and diffi-
culties in identifying anatomical structures like
blood vessels in middle fossa and suprasellar
cysts (Cinalli et al. 2007; Martinez-Lage et al.
2011). According to Abbott, two very important
success factors are the preoperatory planning, to
find the optimal trajectory of the channel and
endoscope, and the experience of the assistant,
who will navigate the scope, while the surgeon
use the instruments (Abbott 2004). The complica-
tion rate of neuroendoscopic procedures is low in
the literature, but in children some complications
can considerably deteriorate the outcome, such as
infections, subdural hematoma/hygroma, and
CSF leaks (Cinalli et al. 2007; Navarro et al.
2006). The percentage of these complications,
which is less than 15%, may be reduced by the
transcortical entrance rather than intracystic direct
entrance.

Discussion on Treatment

Other surgical possibilities are reservoir place-
ment (Kawamoto et al. 2007), a stereotactic punc-
ture, or a shunt to make a communication between
the cyst and the ventricles to prevent overdrainage
(McBride et al. 2003).

To guide the surgical decision, it is very impor-
tant to keep in mind the outcome assessment focus-
ing on quality of life, considering the need for
reoperation and morbidity/mortality of each tech-
nique. Any of the three main techniques has its
advantages and disadvantages that vary between
the cysts’ characteristic and location, habits, pref-
erences, and experience of the surgeon/center. In
the literature, these three techniques, taken indi-
vidually, have a success rate with good clinical and
radiological outcome around 80% or more. Maybe
the limitations of neuroendoscopy will overcome
with advancements in neuroendoscopy instru-
ments and techniques, and surgical treatment for
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arachnoid cysts may become entirely endoscopic
(Alietal.2014). Itis important to keep in mind that
each situation with arachnoid cyst is different
because of their characteristics in location, size,
extension, and clinical consequences. Advantages
of one approach for one particular cyst may be a
disadvantage in another one.

Ali et al. have not found any significant differ-
ences in outcome and quality of life of patients
between treatments in their 5-year follow-up of a
review of 36 series in the literature including 1324
cases (Ali et al. 2014).

Suprasellar Cysts
Pathophysiology of Hydrocephalus

Hydrocephalus may be produced by mechanical
obstruction of CSF pathways by the arachnoid
cyst. They can block the foramina of Monro if
there is an extension through the third ventricle
(Fox and Al-Mefty 1980) or rarely the aqueduct of
Sylvius.

Subtypes

Some controversies persist in the literature regard-
ing the classification and the treatment of supra-
sellar arachnoid cysts (Ozek and Urgun 2013;
Mattox et al. 2010; Gui et al. 2011; André et al.
2016; Hinojosa et al. 2001; Ersahin et al. 2008).
The first description of a suprasellar arachnoid
cyst was made by A. Barlow in 1935. Fox and
Al-Mefty were the first to propose an origin from
the Liliequist membrane (Fox and Al-Mefty
1980). Later, Miyajima et al. made a distinction
between these cysts. Several subtypes of supra-
sellar arachnoid cysts have been described based
on the anatomy (Ozek and Urgun 2013; Miyajima
et al. 2000; Lyu 2014). Rhoton et al. and Froelich
et al. made a very complete and complex anatom-
ical description of the basal cisterns and variability
of the Liliequist membrane (Rhoton 2000; Froelich
et al. 2008). The Liliequist membrane, anatomi-
cally, is located between the interpeduncular and
chiasmatic cisterns. It covers the upper edge of the
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posterior clinoid process and the dorsum sellae. It is
separated into two leaves extending upward from
the dorsum sellae and across the inter oculomotor
nerve’s space. The interpeduncular cistern is
located between cerebral peduncles and Liliequist
membrane with its two leaves. Most of the above-
cited authors propose a simple anatomical classifi-
cation in two types: prepontine or interpeduncular.
This classification made on radiological and
intraoperative findings has a great impact on the
surgical approach because of the position of the
basilar artery. In fact, the prepontine cyst realizes
a dilatation of the interpeduncular cistern, and the
basilar artery would remain inside the cyst, whose
walls are made by the diencephalic membrane
upward and the mesencephalic one downward.
The interpeduncular cyst is formed by the dience-
phalic membrane of Liliequist that will lead a com-
pression of the interpeduncular cistern, leaving the
basilar artery behind the posterior wall of the cyst.
Usually, in all the suprasellar arachnoid cysts, the
pituitary stalk and the optic chiasm are pushed
upward and forward while mammillary bodies
upward and backward.

André¢ et al. have proposed an original classifi-
cation not only based on the anatomical origin but
also according to the clinical and radiological pre-
sentations (André et al. 2016) (Table 5). Their
classification in three subtypes should permit to
estimate the evolution of the cyst according to
each subtype and help to choose the best treat-
ment, if necessary. It may be also useful in the
management of prenatal discovered suprasellar
arachnoid cysts. Hydrocephalus can be present
only in the subtype 1 and was found in all cases
of this series.

Radiology (Figs. 6, 7, and 8)

MRI is key to evaluate the exact cyst location, its
intimate relationships, and compression of adjacent
structures, such as basilar artery, pituitary stalk,
optic chiasm/tracts, mammillary bodies, third ven-
tricle, and foramen of Monro. Classical sequences
are made as T1-weighted, T2-weighted, diffusion-
weighted, and, nowadays, 3D, CISS, FIESTA, or
DRIVE sequences (see section “Radiology”).



Hydrocephalus and Arachnoid Cysts 989
Table 5 Classification of suprasellar arachnoid cysts (SAC) according to André et al. (2016)
Subtype Clinical
(% of cases) | Anatomical origin Radiological presentation consequences
SAC-1 From an expansion of the diencephalic leaf of | Blockage of both the Hydrocephalus
(43%) the Liliequist membrane or chiasmatic cistern | interventricular foramen of
Monro (Fig. 6)
SAC-2 From a defect of the mesencephalic leaf of the | Dilatation of the No
(31.5%) Liliequist membrane interpeduncular or prepontine hydrocephalus
cisterns (Fig. 7) Severe
compression of
the brain stem
SAC-3 Origin from other subarachnoid spaces Asymmetrical forms Macrocephaly
(25.5%) (temporopolar, Sylvian fissure) | without
(Fig. 8) hydrocephalus

Fig. 6 Axial section of computed tomography realized in
emergency showing acute obstructive hydrocephalus with
a suprasellar arachnoid SAC-1 cyst. Note the Mickey
Mouse appearance

These latter allow a better delineation of the cyst
walls with structures cited above and particularly
with the roof of the third ventricle. The so-called
Mickey Mouse appearance can be seen on axial
images because of the severe dilatation of the third
and lateral ventricles (Ozek and Urgun 2013)
(Fig. 6). The preoperative imaging permits the
study of the best trajectory in case of endoscopic
treatment.

Obviously, MRI must have a major role in the
follow-up of these patients and helps to differen-
tiate arachnoid cysts from craniopharyngiomas or
Rathke’s cleft cysts. They typically have no calci-
fications, are larger, and grow more symmetrical.
So CT scan may warrant this absence of
calcifications.

Treatment/Surgical Techniques

Suprasellar arachnoid cysts with and without
hydrocephalus are totally different because of
their origin but also because of the surgical
approach, if a treatment is needed. These cysts
are on the midline and the skull base, which
gives them relationships with the ventricles and
the basal cisterns that are surgically natural possi-
bilities of CSF derivation.

Microsurgical Procedure

Historically, the first technique described was the
open microsurgical approach, which is efficient to
obtain a collapsus of the cyst walls. During the
1980s, two studies advocated cyst wall resection as
radical as possible (Konovalov et al. 1988; Jones
et al. 1989). They performed transventricular-
transcortical or combined subfrontal and trans-
callosal approaches or transcallosal approach alone
(Murphy 1985). Pterional approach is also
described. Other authors proposed a coagulation
retraction or a simpler marsupialization (Raimondi
et al. 1980).
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Fig. 7 T2-weighted MRI showing a suprasellar SAC-2
arachnoid cyst according to André et al. Note the dilatation
of the interpeduncular and prepontine cisterns, without

Shunting

The second option is the CSF diversion by shunt.
There are three possibilities: a ventriculo-
peritoneal shunt, a cystoperitoneal shunt, or a
ventriculo-cystoperitoneal shunt. Shunting was
often used as a secondary treatment when open
craniotomy was performed on suprasellar arach-
noid cysts with hydrocephalus (Raimondi et al.
1980), the latter not always allowing a microsur-
gical ventriculocisternostomy. But shunts are
burdened with morbidity attributed to the over-
shunting and shunt dependence risks. The main
problem of shunts in suprasellar cysts derives by

associated hydrocephalus (no upper extension). (a) Sagittal
section. (b) Coronal section. (¢) Axial section

the fact that the proximal catheter cannot perforate
the thick cyst wall, remaining into the ventricular
cavity. The progressive ventricular drainage
induces a slow enlargement of the suprasellar
cyst with increasing mass effect on the suprasellar
structures, namely, optic chiasm and pituitary
stalk. Progressive growth upward induces
obstruction of both foramina of Monro, leading
to the necessity of shunting also the contralateral
ventricle. As a matter of fact, this technique usu-
ally ended up in a patient with bilateral drainage
and slit-like ventricles and a suprasellar cyst that
remained not treated.
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Fig. 8 MRI showing a suprasellar SAC-3 arachnoid cyst
that seems to come from the interpeduncular and pre-
pontine cisterns with a lateral extension to the middle
cranial fossa. (a) T2-weighted axial section with the basilar
artery flattened against the brain stem. (b) T2-weighted

Endoscopic Procedure

In the 1990s, the progress of endoscopic neurosur-
gery (Pierre-Kahn et al. 1990b) allowed the wide-
spread usage of the technique, and the direct surgical
approach remained reserved to the suprasellar

coronal section showing the entire occupation of the base
of the middle cranial fossa. (¢) CISS-weighted sagittal
section that eliminates an extension above the midbrain
(no mass effect on the third ventricle)

arachnoid cysts without hydrocephalus as subtypes
SAC-2 or SAC-3 of André et al. (André et al. 2016).
Neuroendoscopic treatment is preferred by most of
the authors, in case of associated hydrocephalus
(Mattox et al. 2010; Di Rocco and Zerah 2011;
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André et al. 2016; Ersahin et al. 2008; Gangemi et al.
2011; Hinojosa et al. 2001; Ozek and Urgun 2013).
Nowadays, the debate is placed on where to perform
the fenestration. Some authors consider that a simple
ventriculocisternostomy by opening the roof of the
cyst (the floor of the third ventricle) is sufficient
(Ogiwara et al. 2011). But the most recent compar-
ative series have showed a significant superiority of
the ventriculocystocisternostomy on the recurrence
rate, on the reoperation rate, and on the MRI results
with CSF flow sequences (Decq et al. 1996; Gui
et al. 2011; Ersahin et al. 2008; Maher and
Goumnerova 2011; Wang et al. 2004; André et al.
2016; Rizk et al. 2013; Di Rocco and Zerah 2011).
One of the reasons of the success of the ventriculo-
cystocisternostomy 1is that it seems to prevent the
secondary aqueduct occlusion in case of incomplete
decompression of the midbrain. Decq et al. noticed
in their long follow-up that the upper perforation
often closed with time, while the lower remained
permeable, avoiding recurrences. So, the best option
of fenestration allows the treatment of both the
hydrocephalus and the mass effect of the cyst. The
endoscopic procedures for SAC-1 are detailed in
Figs. 9 and 10, while the procedure for SAC-3 is
detailed in Fig. 11.

Standard Endoscopic Procedure (for
Suprasellar Arachnoid Cyst Associated

to Hydrocephalus) (Figs. 9 and 10)

The patient is positioned supine with the neck
slightly flexed. The use of the neuronavigation
system is particularly recommended as it can help
to access the ventricle and estimate the presence of
neurovascular structures under cystic membranes.
A burr hole is made on the mid-pupillary line on
the coronal suture. The right side is preferred, but
in case of cyst asymmetry, the focus will be on the
side where the cyst bursts into the lateral ventricle
by the foramen of Monro, as it will provide more
workspace and a better reopening of the ipsilateral
interventricular foramen. An incision of the dura
mater is made allowing its subsequent watertight
closure. The rigid endoscope is introduced in the
frontal horn of the lateral ventricle. The upper wall
of the cyst is visualized through the foramen of
Monro. In suprasellar arachnoid cysts, the upper
wall consists of the floor of the third ventricle, but
a fenestration can be safely performed on its
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translucent part. The way to achieve the fenestra-
tion is chosen according to the preoperative plan-
ning, having considered the anatomical structures
lying below the membrane. As the walls of arach-
noid cysts are often thick, we usually perforate
them with the laser, ideally as a grid. The stoma
thus produced is expanded using the double-
balloon probe. Usually it is necessary to enlarge
the stoma using scissors between two holes
because of the hardness of the membranes. We
recommend not to coagulate too much the upper
wall at first, because this would reduce the size of
the cyst and consecutively the overall vision of the
skull base and the bottom wall of the cyst. The
endoscope is introduced inside the cyst allowing
the identification of anatomical structures and the
bottom wall of the cyst, which is also perforated to
obtain cysto-cisternal fenestration. A special atten-
tion should be paid to open the Liliequist’s mem-
branes. Large fenestration warrants the highest
long-term permeability. The endoscope is removed,
and attention is paid to not drain the CSF, avoiding
brain, ventricular, or cystic collapse while
maintaining flows through the fenestrations. The
dura is sutured.

Discussion on Treatment

There is no study comparing prospectively the three
main surgical methods to treat suprasellar arachnoid
cysts. Reviewing the literature, few series have iso-
lated the success rate strictly on hydrocephalus of
each technique. André et al. on their series of
15 patients with SAC-1 and hydrocephalus reported
that 14 (93%) were treated endoscopically with
ventriculocystocisternostomy initially and one
(7%) had a ventriculoperitoneal shunt (André et al.
2016). The radiological follow-up showed that
12 (80%) reduced the cyst and ventricular volumes
with a good flow through the stoma after primary
endoscopy and 2 (13%) after a second one. One
patient (7%) had the persistence of dilatation despite
a visible CSF flow. Two SAC-1 were diagnosed
prenatally. One patient had a prenatal treatment
with fetoscopy with the need of a second endoscopy
in postnatal period because of persistence of hydro-
cephalus. The clinical results were more modest
because eight patients (53%) presented abnormali-
ties, five patients (33%) with persistence of endo-
crine disorders, two (13%) with developmental
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Fig. 9 (continued)
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Fig. 9 Case 1. (a—) T1-weighted MRI of a 3 months
old girl with a suprasellar arachnoid cyst type SAC-1.
(d—f) Increasing cyst 18 months later on a T2-weighted
MRI. Note the extension through the right foramen of
Monro and the ventriculomegaly. (g—r) Endoscopic proce-
dure from the right lateral ventricle. (g) Upper wall of the

delay, three (20%) with minor neuropsychological
disturbances, two (13%) with oculomotor palsy, and
one (7%) with epilepsy.

In 2011, Gangemi et al. have performed a com-
prehensive review of 61 reports in the literature
comparing the clinicoradiological outcome of the
3 surgical procedures in the treatment of 169 supra-
sellar arachnoid cysts (Gangemi et al. 2011)
(Table 6).

Temporal Cyst
Pathophysiology of Hydrocephalus

Hydrocephalus is rarely associated to temporal
arachnoid cysts but can exceptionally be found
with huge hemispheric cysts (type Galassi III),
with a shift of the midline, occluding CSF pathways.

cyst inside the right lateral ventricle. (h, i) Upper wall
fenestration. (j—1) Fenestration of the bottom wall of the
cyst. (m—p) Section and laceration of Liliequist mem-
branes. (q) Coagulation and retraction of the cyst, enlarge-
ment of the superior stoma. (r) Note the penetration of the
cyst through the floor of the third ventricle

Subtypes

Galassi et al. classified in 1982 the temporal
arachnoid cysts based on CT cisternography,
according to their volume and characteristics in
terms of communication with the arachnoid space,
in three categories (Galassi et al. 1982) (Table 7).
No significant correlation between this classifica-
tion and the symptomatology is clearly apparent
in the literature.

More recent studies tried to make another clas-
sification of Sylvian arachnoid cysts based mainly
on the communicating character of the cyst with
the subarachnoid spaces and cisterns rather than
cyst size, using CT cisternography or cine MRI.
But no one really measured the association of his
technique with the evolution of the cyst over time
and clinical complains.
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Fig. 10 Case 2. (a—i) Endoscopic procedure by the right
lateral ventricle, for a suprasellar arachnoid cyst type
SAC-1, with severe hydrocephalus. (a) Upper wall of the
cyst through the right foramen of Monro. Note the sponta-
neous laceration of the anterior part of the septum
pellucidum due to the emergence of mono- and/or
biventricular hydrocephalus. (b, ¢) Fenestration of the
upper wall of the cyst. (d) Overview of the interior of the

cyst and the skull base anatomy. (e—g) Fenestration of
the bottom wall of the cyst. (h, i) View of the stoma and
decompression of the column of the fornix. (j—1) Post-
operative T2-weighted MRI showing the flow artifacts.
(j) Sagittal section showing flow artifact into the cyst
and through the cysto-cisternal stoma. (k) Axial section
showing intracystic flow artifact. (1) Coronal section
showing cystoventricular flow artifact
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Fig. 11 Case 3. (a—i) Endoscopic procedure for a supra-
sellar arachnoid cyst type SAC-3. Preoperative images on
Fig. 7. The patient is supine and head turned to the right.
With the help of neuronavigation, the optimal trajectory is
calculated with a left temporal entry point. The view of the

endoscopic operative field is reverse respected to an ana-
tomical view (up is down and vice versa; posterior is on
the left and anterior on the right). (a) Overview of the
prepontine and interpeduncular dilated spaces, with a
left-right cranio-caudal angle, seeing the contro-lateral
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Table 6 Success rate between the three surgical options
for suprasellar arachnoid cysts treatment without isolating
hydrocephalus (Gangemi et al. 2011)

Technique Good outcome (%)
Microsurgery 79
Cyst shunting 66
Endoscopic fenestration 89.7
vC 86.3
VCC 92.5

Good outcome = complete or partial clinical remission, V'C
ventriculocisternostomy, V'CC ventriculocystocisternostomy

Radiology

See Figs. 12, 13, 14, 15, and 16

Treatment/Surgical Techniques

The best surgical management of Sylvian arach-
noid cysts is the subject of controversies for a long
while, particularly if we add hydrocephalus in the
balance and also because of the rarity of
association.

In most of the articles found in the literature,
craniotomy with cyst fenestration has been com-
pared to shunting procedures, whether with pro-
grammable valves or not. Some authors proposed
the combination of the two procedures.
Tamburrini et al. performed a survey on the man-
agement of Sylvian arachnoid cysts in 45 pediatric
neurosurgical centers (Tamburrini et al. 2008) and
found a large disparity of practices.

Microsurgical Procedure

The successful rate of open surgery in some study
is low with a failure rate of 24—-67% (Ciricillo et al.
1991; Pulido-Rivas et al. 2005). According to
Ciricillo et al. on 40 patients, 15 were treated
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initially by fenestration (Ciricillo et al. 1991).
Sixty-three percent showed no clinicoradiological
improvement and have undergone cystoperitoneal
shunting in 80%, ventriculoperitoneal shunting
(10%), or revision of a ventriculoperitoneal
shunt placed because of hydrocephalus before
cyst fenestration (10%). The two patients with
preexisting ventriculoperitoneal shunts required
no further procedures. On all patients treated ini-
tially by cyst fenestration, only 20% remained
shunt-independent during the follow-up. Other
authors found that shunt malfunction rates could
be up to 40% (Raffel and McComb 1988), with
the risk of shunt dependency like the slit ventricle
syndrome (Aoki et al. 1990; Kim et al. 2002;
Sunami et al. 2002). On more recent series, no
significant differences in perioperative morbidity
and mortality have been reported in the compari-
son of fenestration and shunt (Kang et al. 2000;
Lena et al. 1996; Pulido-Rivas et al. 2005; Raffel
and McComb 1988; Levy et al. 2003). The risk of
subdural effusion after microsurgical or endo-
scopic procedures varies between 2% and 40%
(Di Rocco et al. 2010; Cinalli et al. 2007;
Tamburrini et al. 2003).

The defenders of open surgery approach also
advocate that good outcomes (80%) can be
obtained using a keyhole microsurgical approach,
having few complications (Levy et al. 2003;
Pulido-Rivas et al. 2005).

Nowadays, microsurgical procedures are pref-
erably indicated when the cyst does not open
enough the Sylvian fissure and does not reach
the surface.

Standard Microsurgical Procedure (Figs. 17
and 18)

The patient is positioned supine; the head is turned
versus the contralateral side of the temporal cyst.

«

Fig. 11 (continued) ponto-cerebellar angle. (b—i) Comple-
tion of three fenestrations through the bottom wall of the
cyst, between cranial nerves. (d) View of the right vertebral
artery and mixed nerves. (g) View of the right facial and
vestibulocochlear nerves. (i) Overview of the three stomas
at the end of the procedure. (j, k) T2-weighted axial and

coronal sections of postoperative MRI showing artifact
flows forward the midbrain. Note that the basilar artery is
not pushed anymore against the brainstem on the axial
section. The aim of the intervention was mostly to restore
the communications with the basal cisterns, to prevent the
expansion of the cyst, and to promote its relaxation
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Table 7 Classification of temporal arachnoid cysts (Galassi et al. 1982) and percentage of cases on 145 temporal
arachnoid cysts (Al-Holou et al. 2010)

Subtypes
(% of cases)

Radiological presentation

Galassi I (68%)

Small fusiform cyst limited to the most anterior portion of the middle cranial fossa, below the
sphenoid ridge

The temporal pole is com-subsequently compressed. Absence of mass effect. Cisternography
shows free communication with subarachnoid spaces (Figs. 12 and 13)

Galassi IT (15%)

Cyst of medium size and triangular morphology or square with straight inner margin. Occupies the
anterior and middle portions of the temporal fossa and superiorly extends along the Sylvian
fissure, which wildly exposes the insula

The temporal lobe is displaced (or hypoplastic). Cisternography shows slow communication with
subarachnoid spaces (Fig. 14)

Galassi III (17%)

Huge ovoid cyst occupying the temporal fossa almost completely and extends to a wide area of the
cerebral hemispheres opening cap of the Sylvian fissure

The temporal lobe is severely compressed (and atrophic), and both the frontal and parietal lobes
are widely tableted (Fig. 15)

The great mass effect can cause a large ventricular distortion and shift of the midline.
Cisternography shows a little communication with subarachnoid spaces

It produces cranial deformities and macrocephaly in children

When temporal cysts become fronto-temporo-parietal, they are called Hemispheric arachnoid
cysts, and are part of subtype Galassi III (Fig. 16)

Fig. 12 T2-weighted MRI showing a left temporal cyst Galassi I (Galassi et al. 1982). (a) Axial section. (b) Coronal

section

The incision is made according to the habits of the slowly the cyst avoiding sudden neurovascular
surgeon. The size of the craniotomy is adapted to  re-expansion with risks of bleeding, brain contu-
the size and location of the cyst. The dura is then sion, nerve trauma, etc. A gentle excision of the
opened, revealing the external wall of the cyst, cyst is performed leading to the wall in contact
which is opened. Attention is paid to decompress ~ with basal cisterns, which is often very thick. With
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Fig. 13 Left temporal arachnoid cyst Galassi I reveled
after a head trauma. (a) Axial section of computed
tomodensitometry showing a temporo-polar intracystic
hematoma. (b) Axial section of T2-weighted MRI

microsurgical instruments, the largest possible
openings are performed in the basal cisterns
(inter optics, opto-carotid, retro-carotid windows,
etc.). The closure of the dura mater is watertight.
Figures 17 and 18 shows the microsurgical proce-
dure for treating right and left Temporo-Sylvian
arachnoid cysts.

Shunting

The shunt placement in case of temporal arach-
noid cyst is rarely indicated. The placement of the
intracranial catheter should be maturely medi-
tated, providing for its future position when the

confirming the arachnoid cyst. (¢) Axial section of
T2-weighted MRI showing a subdural hygroma probably
due to a traumatic rupture of the cyst

brain will take back its place. Indeed, the catheter
may cause neurovascular injuries.

Supporters of shunt procedures claim that cra-
niotomy is very aggressive mainly for young chil-
dren, with major complications such as meningitis,
hemiparesis, oculomotor palsy, subdural hema-
toma/hygroma, seizures, and death (Arai et al.
1996; Ciricillo et al. 1991). Arai et al. treated
77 patients by shunting: one (1%) had a material
infection, and eight (10%) had a shunt malfunction
with the need of revision (Arai et al. 1996). Half of
these malfunctions were because of a shunt depen-
dency syndrome, but none for hydrocephalus.
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Fig. 14 (a—d) Left temporal arachnoid cyst Galassi II on
a T2-weighted MRI. (a, b) Axial sections. (¢) Sagittal
section. (d) Coronal section. (e, f) T2-weighted MRI

Standard Procedure for Cystoperitoneal
Shunting (Figs. 19 and 20)

The use of the neuronavigation system is highly
recommended. We will not develop the implanta-
tion techniques of the valve itself and the distal
catheter, as it is the same procedure of the implan-
tation of a ventriculoperitoneal shunt. In the liter-
ature, the use of a programmable valve is
advisable as it can perform a controlled slowly
re-expansion in the time. It is preferable to ini-
tially leave a high opening pressure.

The patient is positioned supine with the head
slightly extended and turned to the contralateral
side. A burr hole is made at the top of the normal
hypothetical Sylvian fissure. The dura mater is
incised together with the external wall of the cyst
with dimensions only to let the catheter inside and
not more, in order to limit the formation of
hygroma. Attention is paid not to empty the cyst,
so the catheter must be inserted quickly. The
neuronavigation is used to aim the direction just
under the ridge of the great wing of the sphenoid,

showing a right temporal arachnoid cyst Galassi II on (e)
axial and (f) sagittal sections. Note the chronic bone lysis
and distortion

with a tangential trajectory to the bone. This posi-
tion also helps to avoid subdural detachment.
Then the catheter is connected to the rest of the
system. Figure 19 shows the recommended posi-
tion of the intracranial catheter for shunting a
tempora-Sylvian arachnoid cyst, while Fig. 20
shows the consequence of a misplaced catheter.

Endoscopic Procedure

In the era of endoscopic procedures, its introduction
has extended the debate. Fully endoscopic pro-
cedure should be distinguished from endoscope-
assisted procedure.

One thing which should be considered before
performing neuroendoscopy is that often the
Sylvian cyst is large and the intracystic anatomy
can totally confuse the surgeon. Neuronavigation
applied to the endoscope, avoiding the risk of the
brain shift with CSF loss, can be particularly
useful to indicate the right direction to follow.
Literature is controversial about success rate of
endoscopy (Couvreur et al. 2015; Fernandez 2013;
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Fig. 15 Right temporal arachnoid cyst Galassi I1I on a T2-weighted MRI. (a, b) Axial sections. (¢) Coronal section

Cinalli et al. 2007; Elhammady et al. 2007; Huang
et al. 2007; Karabatsou et al. 2007; Nowostawska
et al. 2006; Paladino et al. 1998; Pradilla and Jallo
2007; Schroeder et al. 1996).

Examining the results, complications and limita-
tions of neuroendoscopy on middle fossa arachnoid
cysts, Di Rocco said that the main limitation of the
endoscopic approach is the anatomical proximity of
the cyst to the basal cisterns and critical structures
behind the wall of the cyst (Di Rocco 2010). He
advocated the use of a small-diameter endoscope to
avoid major external membrane opening with its
consequences. Cinalli et al. reported that among
the five patients with Sylvian cysts treated by endo-
scopic procedure, 50% developed a subdural
hygroma and 20% a CSF leak. Eighty percent of

them have required the secondary implantation of a
shunt (Cinalli et al. 2007). Elhammady et al. recom-
mend to realize, each time it is possible, a trans-
cortical access to keep some impermeability on the
approach, but this solution is, of course, highly
questionable (Elhammady et al. 2007).

Indeed, using mono- or bipolar coagulation, infla-
tion of the balloon can be dangerous in the deep wall
of the cysts because of the presence of the internal
carotid artery, the posterior communicating artery,
and the oculomotor nerve (Johnson et al. 2011).
Figures 21 and 22 shows the endoscopic procedures
of a left Galassi II and a right hemispheric arachnoid
cyst. Figure 23 shows the procedure for a left tem-
poral arachnoid cyst of the choroid fissure, which
does not belong to Galassi classification.



1002 F. Lechanoine and G. Cinalli

Fig. 16 (a, b) Left hemispheric arachnoid cyst on axial T2-weighted MRI showing an important brain compression, a
shift of the midline, and an associated hydrocephalus

Fig.17 Case 1. (a) Right temporo-Sylvian arachnoid cyst its intact external wall. (¢, d) Opening and excision of the
on axial section of computed tomodensitometry. cyst. (e) Fenestration of the inner membrane into basal
(b—e) Microsurgical procedure. (b) Arachnoid cyst with  cisterns
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Fig. 18 Case 2. (a—d) Microsurgical procedure on a left
temporo-sylvian arachnoid cyst. With a view on the inner
wall of the cyst, the basal cisterns, the left anterior axe of
the circle of Willis, and the left optic nerve. Note the
enlargement of the Sylvian fissure, showing skull base of

Endoscopic Standard Procedure (Figs. 21, 22)

The patient is positioned supine; the head is turned
versus the contralateral side of the temporal cyst.
The use of the neuronavigation system is highly
recommended. A cutaneous muscular linear inci-
sion is performed. A burr hole is made according
to the preoperative planning, depending on the
characteristic of the cyst and above all the position
of its inner wall and the basal cisterns. The hole
will be slightly enlarged by considering that basal
cisterns are not in the axis of the craniotomy. The
dura is then opened, revealing the external wall of
the cyst, which is secondarily opened. Attention is

the middle cranial fossa and the course of the middle
cerebral artery on the insula. (b, ¢) We can see the
pulsatility, the thickness, and the trapped aspect of the
inner wall. (d) Final aspect after wide opening of the
optical-carotid and inter-chiasmatic windows

paid to not empty and decompress the cyst
avoiding sudden neurovascular re-expansion
with risks of bleeding, brain contusion, nerve
trauma, etc. and keeping in mind that
neuroendoscopy is a procedure to be performed
in a fluid environment. The rigid endoscope is
quickly introduced into the cyst, and anatomical
landmarks are identified with the help of
neuronavigation. Once the inner wall and basal
cisterns are identified with their neurovascular
structures, the largest possible fenestrations are
performed, using endoscopic  instruments
(inter optics, opto-carotid, retro-carotid windows,
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etc.). The way to achieve fenestrations is chosen
according to the preoperative planning, having
considered the anatomical structures lying below
the membrane. As the walls of arachnoid cysts are
often thick, we usually perforate them with the
laser, ideally as a grid. The stoma thus produced is

Fig. 19 3D bone reconstruction of a computed tomo-
densitometry. Recommended position of the intracranial
catheter for a left hemispheric arachnoid cyst
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expanded using the double-balloon probe. Usu-
ally it is necessary to enlarge the stoma using
scissors between two holes because of the thick-
ness of the membranes. The endoscope is then
removed without emptying the cyst. The closure
of the dura mater is watertight.

Discussion on Treatment

In 2011, Gangemi et al. have performed a com-
prehensive review of 61 reports in the literature
comparing the clinicoradiological outcome of the
3 surgical procedures in the treatment of 304 mid-
dle fossa arachnoid cysts (Gangemi et al. 2011)
(Table 8).

Hydrocephalus in Sylvian arachnoid cysts has
been studied in a dedicated paper (Levy et al.
2004). In the series of 40 middle fossa cysts, the
authors found 15% of associated hydrocephalus.
All patients required CSF shunting following the
cyst fenestration because of persistent progressive
hydrocephalus after cyst marsupialization. They
reported almost the same need with the patients
presenting macrocephaly. These papers mix
together all kinds of cysts and are not specific for
Sylvian cysts.

Fig. 20 (a) T1-weighted MRI showing a huge left hemi-
spheric arachnoid cyst with mass effect and shift of the
midline. (b) Computed tomodensitometry performed
1 year after implantation of a cystoperitoneal shunt. The

catheter, correctly placed at surgery, finally ended up
embedded in the brain parenchyma due to the unexpected
complete disappearance of the cyst
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Fig. 21 Case 1. (a—h) Endoscopic procedure for a left
temporo-Sylvian Galassi II arachnoid cyst. (a) Vision
from the subdural space with opening of the external wall
of the cyst. (b—h) Free margin of the tentorium on the left
with fenestration of the inner wall of the cyst and the basal

cisterns. (g) View of the prepontine cistern. (i, j)
T2-weighted axial sections of postoperative MRI showing
(i) artifact flows through the inner wall. (j) Classical post-
operative bilateral subdural hygromas
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Fig. 22 Case 2. Endoscopic procedure for a right hemi-  MRI and (b) coronal section of T2-weighted MRI showing
spheric arachnoid cyst. (a) Axial section of T1-weighted ahuge cyst with mass effect on the parenchyma and shift of
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Table 8 Success rate between the three surgical options
for temporal arachnoid cysts treatment without isolating
hydrocephalus (Gangemi et al. 2011)

Technique Good outcome

Microsurgery 88%
(7.5% of secondary shunt
placement)

Cyst shunting 96.8%

Endoscopic 70%

fenestration (24% of secondary shunt
placement)

Good outcome = complete or partial clinical remission

Performing microsurgical fenestration on
temporo-Sylvian arachnoid cysts, Okano and
Ogiwara present, on a series of 28 patients, a
good clinical outcome of 90.5% and a good radio-
logical outcome of 100% with regression or disap-
pearance of the cyst (Okano and Ogiwara 2016).
However, one patient younger than 2 years needed
the placement of a shunt, because of preoperative
hydrocephalus. So, on the two patients (7%) with
preoperative hydrocephalus, 50% required shunt
placement. Postoperatively, 82.1% of the patients
had a subdural hygroma, one of them symptomatic.
At longer term, 83% of hygroma disappeared and
13% decreased. One case (4%) needed a sub-
duroperitoneal shunt. In the following literature,
the clinical evidence of supremacy of endoscopy
over microsurgery is still lacking.

According to Martinez-Lage, very often there is
the need to perform both procedures (fenestration
by open craniotomy or by endoscopy, followed by
shunt procedure) in case of hydrocephalus, partic-
ularly in young children (Martinez-Lage et al.
2011). They prefer to use programmable valves
instead of single-pressure ones, to allow more
gradual reduction of both cyst and ventricle size.
They also advocate the utility of a ventriculo-
cystoperitoneal shunt, preventing differences in
pressure between the diverse compartments

<
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(Martinez-Lage et al. 1999). Silav et al. and
Kimiwada et al. advocate for the combine proce-
dure including fenestration followed by shunt
placement (Silav et al. 2015; Kimiwada et al.
2015).

Slit Cyst Syndrome (Figs. 24 and 25)

As showed above, shunt placement in the treatment
of middle fossa arachnoid cyst is often considered
as a minor procedure with low risks and few com-
plications. Slit ventricle syndrome, also called
shunt dependency syndrome, is a serious compli-
cation quite rare but difficult to diagnose of
shunting an arachnoid cyst. Slit ventricle syndrome
was initially defined by Epstein et al. during the
1970s as an important reduction in size of the
lateral ventricles associated to clinical symptoms
of intracranial hypertension (Epstein et al. 1974)
(Figs. 24 and 25). He reported the origin to an
excessive CSF drainage after placement of a ven-
tricular shunt in hydrocephalus, whose ventricles
were not able to re-expand even after intracranial
hypertension. Several articles describe the slit ven-
tricle syndrome but less differ the syndrome due to
a cystoperitoneal shunt (Aoki et al. 1990; Fang
et al. 2012; Sunami et al. 2002). This latter entity
began to be described in the early 1990s. But other
authors prefer the term of shunt dependency syn-
drome (Kim et al. 2002; Laviv and Michowitz
2010; Li et al. 2014). So, we focus on these syn-
dromes associated to cyst shunting, keeping some
references to the original one.

Ahn et al. advocated an anomaly of CSF absorp-
tion mechanism (Ahn et al. 1997). Someway,
according to them, the valve replaces the physio-
logic pathways of reabsorption leading to this phe-
nomenon of shunt dependency. Reviewing the
literature, Li et al. think that the drainage of the

Y

Fig. 22 (continued) the midline. (¢) Burr hole. (d, e)
Opening of the dura and the external wall of the cyst,
showing the pressure of liquid inside the cyst. (f-1) Endo-
scopic view. (f) View of the insula from inside the cyst.
(g) View of the inter-chiasmatic space. (h) View of pos-
terolateral internal carotid structures. (i, j) Fenestration

laterally to the oculomotor nerve. (k) Fenestration between
the internal carotid artery and the oculomotor nerve.
() View of the prepontine cistern. (m) Closure of the
dura. (n, o) T2-weighted MRI showing the secondary
implantation of a cystoperitoneal shunt because of insuffi-
cient clinical-radiological postoperative response
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Fig. 23 (continued)
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Fig. 23 Case 3. (a, b) MRI showing a left temporal
arachnoid cyst of the choroid fissure. Note the mass effect
on the temporal lobe and on the midbrain by dilatation of
the ambient cistern. This kind of cyst is rare and does not
belong to any other type (not precisely to lateral intraven-
tricular or quadrigeminal type 3). (a) Axial T2-weighted
section. (b) Coronal CISS-weighted section. (¢c—k) Endo-
scopic procedure. (¢) Superolateral view of the midbrain

cyst can lead, sometimes, to its collapse, and then
the adhesions created inside the cyst obstruct the
communication between the cyst and subarachnoid
spaces (Li et al. 2014). This condition creates ini-
tially an intermittent failure of the shunt resulting in
intermittent intracranial hypertension. This chronic
hypertension induces a dural and suture fibrosis,
which conduce to a decrease of the brain elasticity
and compliance, similarly to the slit ventricle syn-
drome. In 2002, Del Bigio et al. performed an
autopsy on a 10 years old girl for whom a slit
ventricle syndrome was diagnosed (Del Bigio
2002). She had a ventriculoperitoneal shunt in
infancy, following a meningitis. She died because
of a severe intracranial hypertension attributed to the
slit ventricle syndrome. The autopsy revealed large
skull and brain, small ventricles with glial adhe-
sions, obstruction of the cerebral aqueduct and the
ventricular catheter, and a reactive astrogliosis in the
periventricular white matter. Jang et al. advocated
the theory of malabsorption of CSF with a direct
consequence of brain edema or swelling and even-
tually distortion or herniation (Jang and Yoon 2013).
Clinically, both syndromes are characterized by
various manifestations, such as ataxia, obnubilation,
nausea, vomiting, lethargy, irritability, decreasing
eyesight, and headache (Benzel et al. 1992).

and diencephalon from inside the cyst, which took the
place of the ambient cistern. (d—g) Cystoventricular fenes-
tration of the temporal horn of the left lateral ventricle.
(h—k) Fenestration of the prepontine cistern above the
oculomotor nerve. (l-n) Postoperative MRI showing
brain decompression and cysto-cisternal artifacts of
flows. (I) T2-weighted axial section. (m) T2-weighted cor-
onal section. (n) CISS-weighted axial section

ICP monitoring may confirm the diagnosis
when there are no significant findings (Li et al.
2014), and various studies include ICP monitor-
ing following chronic implantation of ICP trans-
ducers. For example, Rekate et al. made a five-
step classification of slit ventricle syndrome based
on ICP monitoring, for each recommendation of
treatment (Rekate 1993).

Albright et al. postulate that this overdrainage,
particularly in young children, may understimulate
the calvaria and cause abnormal early ossification
of the sutures, leading to an induced shunt
craniostenosis (Albright and Tyler-Kabara 2001).

The treatment of slit cyst syndrome may differ
from that of slit ventricle syndrome associated to
ventricular shunting, because of its physiopathol-
ogy and the original utility of the valve, aiming to
derivate an arachnoid cyst. Focusing on the case
of arachnoid cyst, the literature shows the possi-
bilities of revision of the shunt catheter, placement
of a high-resistance valve, addition of an anti-
siphon device, change for a programmable valve,
or placement of a lumboperitoneal shunt.

Fan et al. recommend to change the valve for a
programmable one, avoiding low-pressure shunts
in first intention in the management of arachnoid
cysts (Fang et al. 2010). All symptoms of the six
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Fig. 24 Case 1. (a—d) Patient who previously received a
cystoperitoneal shunt for a left Sylvian arachnoid cyst
Galassi II. Slit cyst syndrome characterized by chronic
signs of intracranial hypertension. (a, b) Axial and coronal
sections of a computed tomodensitometry and (c, d)

patients disappeared in the 2 years follow-up.
Li et al. present 13 patients with the syndrome,
with a mean age of 12,3 years and 20 months of
follow-up (Li et al. 2014). Twenty-three percent of
them improved after shunt replacement because of
non-collapsed cyst, 31% underwent ventriculo-
peritoneal shunt placement because of cyst col-
lapse but normal ventricle size, and 46% had a
lumboperitoneal shunt placement because of cyst
and ventricle collapse. All of them presented a
resolution of their symptoms. Kim et al. reported

coronal and sagittal T2-weighted sections of MRI, show-
ing the collapse of the cyst, small ventricles, and ipsilateral
brain shift. (d) The sagittal section shows an induced
chronic tonsillar herniation

that implanting a lumboperitoneal shunt, there is a
risk of hindbrain herniation (Kim et al. 2002). But
in case of small ventricles, it is still possible to
place a ventricular catheter helped by neuro-
navigation (Fang et al. 2010, 2012).
Concerning the non-cystic slit ventricle syn-
drome, many other treatments have been tried
and benefited, such as in severe presentations of
intracranial hypertension with cranial decompres-
sion and more recently the realization of cranial
expansion like the treatment of craniostenosis or
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Fig. 25 Case 2. Complex case of a slit cyst and ventricle
syndrome. (a—¢) Axial and coronal TI1-weighted MRI
showing a left hemispheric arachnoid cyst that underwent
a microsurgical fenestration procedure. (d, e) Axial
T2-weighted MRI sections showing postoperative bilateral
hygromas and hydrocephalus. Then the patient received a
subduroperitoneal shunt associated to a ventriculo-
peritoneal shunt in a second time, because of an insufficient
effect. (f) Axial T2-weighted MRI of postoperative shunt

even the placement of a bold cisterna magna-
ventriculoperitoneal shunt, or the use of oral cor-
ticosteroids. But all of these treatments relative to
this specific pathology will be detailed in the
dedicated chapter (See in Treatment: Shunts,
chapter » “Slit Ventricle Syndromes”).

implantations. Afterward, the patient had several valve
settings and was fine. (g—i) Axial T2-weighted MRI real-
ized 6 years later for a symptomatology of progressive
intracranial hypertension (cephalea, papilledema, etc.),
showing a slit cyst and ventricle syndrome. (g) Catheter
into the ventricle. (h) Catheter into the temporal cyst.
(i) Cranial asymmetry and cerebral parenchyma hypertro-
phy. Then the patient received a lumboperitoneal shunt,
which resolved the symptoms

Quadrigeminal Cyst

Quadrigeminal  arachnoid cysts, like the
interhemispheric cysts, may be associated with
other central nervous system malformations
(holoprosencephaly, Chiari type II, encephaloceles),
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and they tend to be present in young children
(Ersahin and Kesik¢i 2009; Spennato et al. 2013).

Pathophysiology of Hydrocephalus

Because of the intimate relationship of
quadrigeminal arachnoid cyst with the midbrain
tectum, there is rapidly a compression or distor-
tion of the aqueduct of Sylvius, which leads to an
early triventricular obstructive hydrocephalus.
Several authors suspect also the possibility of an
associated deficiency of CSF reabsorption
(El-Ghandour 2013; Gui et al. 2016). For the
infants or neonates, it could be due to immaturity
of the subarachnoid spaces. For the patients who
had prior shunts, it could be due to loss of the
ability of CSF absorption, characterized by shunt
dependency. Nevertheless, the high rate of shunt
independency in different series such as the one of
Cinalli et al. can suggest that hydrocephalus asso-
ciated with quadrigeminal cysts may be purely
obstructive (Cinalli et al. 2010).

Subtypes

Quadrigeminal arachnoid cysts are heterogeneous
and may have different extensions in the sur-
rounding structures, according to the area of less
resistance through which the cyst will expand:
cranially in the region of the trigone, caudally in
the supracerebellar cistern, anteriorly in the third
ventricle and laterally to the ambient cistern.

Cinalli et al. proposed this classification based
on the anatomical extension of the cyst, resulting
in different possible surgical techniques for each
type (Cinalli et al. 2010) (Table 9). Type 1 is the
most frequent one.

Radiology (Figs. 26, 27, and 28)

Quadrigeminal cysts are seen as midline, supra-
cerebellar, infratentorial, and/or supratentorial
cysts abut the quadrigeminal cistern. They are
occasionally paramedian. The enlarging cyst
projects downward and backward to lie over
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Table 9 Classification of quadrigeminal cysts according
to Cinalli et al. (2010)

Subtype | Extension Region of extension

Type 1 Supra- and Trigone upward and
infratentorial supracerebellar cistern
(Fig. 26) downward

Type 2 Infratentorial Supracerebellar or supra-
(Fig. 27) retrocerebellar

Type 3 Lateral Ambient cistern toward
(Fig. 28) the temporal lobe

Fig. 26 Quadrigeminal arachnoid cyst type 1, character-
ized by infra- and supratentorial extension with severe
aqueductal compression and hydrocephalus, on MRI,
T2-weighted sagittal section

Fig. 27 Quadrigeminal arachnoid cyst type 2, character-

ized by strictly infratentorial extension, on MRI,

T1-weighted sagittal section
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Fig. 28 Quadrigeminal arachnoid cyst type 3 with a right extension to the middle cranial fossa and the ambient cistern,
on MRI. (a) T2-weighted axial section. (b) T2-weighted coronal section. (¢) T1-weighted sagittal section

the superior surface of cerebellum. The aque-
duct and the fourth ventricle are displaced
downward and forward and tectal compression
occurs. MRI shows also the dilated third
and lateral ventricles in addition to the
quadrigeminal arachnoid cyst.

Their main differential diagnosis is the pulsion
diverticula, often observed in severe triventricular
hydrocephalus and consisting of a hernia of the
medial wall of the ventricular atrium into the
quadrigeminal cistern through the tentorial hiatus,
induced by the pressure differential between
supra- and infratentorial compartments (Spennato
etal. 2013).

They can be differentiated from the cysts of the
cistern of the velum interpositum (Fig. 29),
because in the latter hydrocephalus is rare (Cinalli
et al. 2010). Quadrigeminal cysts displace the
internal cerebral veins upward, while the other
displaces the veins downward (Figs. 29 and 30).

Treatment/Surgical Techniques

Microsurgical Procedure

Midline suboccipital craniotomy in the surgical
approach of quadrigeminal arachnoid cysts is a
more extensive procedure compared to endoscopic
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Fig.29 Differential diagnosis: cyst of the velum interpositum, on MRI. (a) T2-weighted axial section. (b) CISS sequence
(Constructive Interference in Steady State) on sagittal section. (¢) T2-weighted coronal section

techniques. It will directly expose the cyst, allo-
wing its complete or subtotal resection, and easier
in type 2 cysts because of the absence of supra-
tentorial component. However, the need in a sec-
ond time of the implantation of a shunt seems to be
high (75%) (Fewel et al. 1996). The advantage of
craniotomy compared to endoscopy is the better
control of hemostasis, but it is marked by signifi-
cant more severe complications in historical series,
such as neurological deficits (oculomotor palsy,
hemiparesis), meningitis, seizures, and subdural
hematomas (Ciricillo et al. 1991).

As quadrigeminal cysts are almost always
associated to hydrocephalus, microsurgical proce-
dure has difficulties to treat both problems.

Standard Microsurgical Procedure (Except
Type 3)

The patient is in prone position with the head slightly
bent. The approach is a classical infratentorial supra-
cerebellar one for type 2 cysts and median
interhemispheric trans-tentorial one for type 1.

A median occipital (or parieto-occipital) cuta-
neous incision is performed. The midline is kept
through the dissection of the nuchal ligament allo-
wing a comfortable craniotomy. The dura is
opened according to anatomical target needs. A
very great attention is paid to the venous sinuses
and the torcular.

The aim of the procedure is to fenestrate the
cyst through the posterior basal cisterns and the
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Fig. 30 Differential diagnosis: very rare case of intra-aqueductal cyst, on MRI. (a) T2-weighted axial section. (b)
T2-weighted sagittal section. Note the tectal plate displaced posteriorly and superiorly

ventricles, trying to excise the more possible cys-
tic wall. Then the dura, muscles, and skin are
sutured the most watertight way possible.

Shunting (Fig. 31)

The placement of a cystoperitoneal shunt is an
easy procedure but is marked by a high risk of
cyst recurrence and undertreatment of hydroceph-
alus (Raffel and McComb 1988). Cystoperitoneal
shunting or cysto-cisternal shunting may lead to
early obliteration of the cyst but is associated with
a high shunt malfunction rate of 40% (Ohnishi
et al. 2007). Figure 31 shows the position of the
catheter into a quadrigeminal arachnoid cyst,
passing also by the right lateral ventricle.

Endoscopic Procedure

In Ersahin et al.’s series, 100% of 17 patients pre-
sented with associated hydrocephalus (Ersahin and
Kesike¢i 2009). They were all treated by endoscopic
fenestration and associated endoscopic third
ventriculostomy, while five have been previously
shunted. Two of them also required an aqueductal
stent. The procedure was successful in 53% of the
children, although 29% of them, younger than
6 months, later necessitated a ventriculoperitoneal
shunt. Only one patient younger than 6 months
remained shunt free, while endoscopy was success-
ful for all patients older than 6 months.

Fig. 31 Axial T2-weighted section of MRI showing the
position of the catheter into a quadrigeminal arachnoid cyst
together with the right lateral ventricle. This patient pre-
sented a clinicoradiological slit cyst/ventricle syndrome

Postoperative subdural hygromas developed in
18% of the patients with implantation of a sub-
duroperitoneal shunt in two on three of them.
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This study showed a very good success rate for
children older than 6 months, who were preopera-
tively more symptomatic than the others.

In Cinalli et al.’s series of 14 patients, the global
success rate of endoscopic procedure was 78%,
which increased until 90% in the case of use of
endoscopy as the first surgical option (Cinalli et al.
2010). The combined cystoventriculostomy and
ventriculocisternostomy was performed in 43% of
the children with the best results, while 88% of the
patients treated with cystoventriculostomy alone
required reoperation, including three ventriculo-
peritoneal shunts (37.5%). Fifty percent of the
patients, who already had a shunt during the endo-
scopic procedure, became shunt independent.

In 2013, El-Ghandour published his series of
18 children with hydrocephalus (El-Ghandour
2013). He had a success rate of 83.3%, increasing
up to 92.9% in the case of using endoscopic
approach as the first line of treatment. Seventy-
seven point eight of the cysts and 88.9% of the
ventricles decreased in size. According to Cinalli
et al., they noticed that the fact to have a previous
shunt before endoscopic procedure decreased the
possibility to become shunt independent and conse-
quently the success rate of the intervention. They had
also a better success rate when third ventriculostomy
was feasible, associated to cystoventriculostomy.
They suspect the possible decrease of CSF flow
disturbances inside the third ventricle and so through
the aqueduct, performing an ETV.

The most recent and the largest series is the
one of Gui et al., including 28 hydrocephalic
patients (25 children) who had undergone
endoscopic treatment (Gui et al. 2016). No one
benefited of shunting before the neuro-
endoscopic procedure. They performed 64% of
combined lateral ventriculocystostomies and
ETV, 11% of combined third ventriculocys-
tostomies and ETV, and 25% of combined lateral
and third ventriculocystostomies and ETV. The
success rate was 89.3%, the cyst’s size decreased
in 78.6% of cases, and the ventricular system’s
size in 82.1%. 14.3% patients developed a sub-
dural collection including 7.2% requiring a sub-
duroperitoneal shunt.

As Cinalli et al. did (Cinalli et al. 2010), Garg
et al. suggest to perform different endoscopic
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procedures according to the type of quadrigeminal
arachnoid cyst (Garg et al. 2014). With their
18 patients treated, they propose to treat type
1 cysts by endoscopic fenestration of the cyst
with ETV. In type 2 cysts, they performed crani-
otomy and cyst fenestration followed by the
placement of a shunt in 75% of patients
(cystoperitoneal or cystoperitoneal and ventricu-
loperitoneal shunt with Y connector). For type
3 cysts, they realized endoscopic cyst fenestration
by ventriculocystostomy and ETV.

Standard Endoscopic Procedure (Cinalli et al.
2010; El-Ghandour 2013; Ersahin and Kesikgi
2009; Spennato et al. 2013; Lechanoine et al.
2018)

With respect to the subtype of quadrigeminal cyst,
with different possible extensions, we must adapt
our surgical approach for an optimal endoscopic
trajectory intended during the perioperative plan-
ning. The use of neuronavigation system is highly
recommended.

Type 1 (Figs. 32 and 33)

In this most frequent presentation, the cyst
extends upward in the lateral ventricle, thinning
the floor of the ventricular trigone, appearing
below the ependymal, medially to the choroid
plexus. A standard precoronal burr hole is made
on the side of the biggest asymmetrical expan-
sion of the cyst, allowing a ventriculocystostomy
as a large opening of the upper pole of the cyst
into the lateral ventricle, associated to an
ETV. As said below, always control preopera-
tively the side of displacement of the cerebral
veins to avoid their injury. To avoid closure
of the stoma, the fenestrations should be at least
of 10-15 mm. In infants, the penetrance point
is made in the lateral angle of the fontanel.
Figure 32 shows the endoscopic procedure
performed on a quadrigeminal arachnoid cyst
type 1 associated to hydrocephalus, with
expected postoperative MRI results (Fig. 33).

Type 2

The cyst grows in the posterior part of the third
ventricle. A standard precoronal burr hole is
made, the endoscope passes through the foramen
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Fig. 32 (continued)
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Fig. 32 Case 1. Two consecutive endoscopic procedures
on a newborn with a quadrigeminal arachnoid cyst type 1
associated to hydrocephalus. (a, b) Axial T1-weighted and
sagittal T2-weighted MRI showing this median cyst with
supratentorial extension. (¢c—k) First endoscopic procedure
consisting of a ventriculocystostomy through a left lateral
trans-fontanellar approach. (¢) View from the left lateral
ventricle of the contralateral caudate nucleus through the
septum pellucidum. (d) Right caudate nucleus. (e) Left
caudate nucleus. (f) Overview of the anterior part of the
third ventricle. (g) View of the subcallosal area through the
lamina terminalis. (h) Posterior part of the third ventricle

of Monro, and a double fenestration is performed
through the anterior wall of the cyst and the floor
of the third ventricle. The use of a steerable endo-
scope is recommended to perform both stomas
through the same burr hole.

Type 3 (Lechanoine et al. 2018) (Fig. 34)

The cyst extends laterally toward the ambient
cistern, and the standard approach is not appro-
priated. The head of the patient is rotated 90° to
the contralateral side, a parietal burr hole is
performed to approach the lateral ventricle at
the level of the trigone, showing us just in front,
the upper pole of the cyst. Then, several fenes-
trations should be made in the deep wall of the
cyst, toward the basal cisterns. This procedure
can be dangerous because the fenestration is
made close to the internal cerebral veins and
should be performed only if the wall of the
cyst is avascular and translucent or with the
help of neuronavigation. ETV is not possible
with this approach. Figure 34 shows the
endoscopic procedure performed twice on a
quadrigeminal arachnoid cyst type 3 with lateral
extension in the middle cranial fossa associated

with the aqueduct. (i) The endoscope is rotated posteriorly
showing the wall of the cyst. (j) Fenestration of the cyst.
(k) View from inside the cyst. (I, m) Axial T2-weighted
and sagittal CISS-weighted postoperative MRI showing an
incomplete decompression of the cyst and predominately
the persistence of hydrocephalus. (n—q) Second endo-
scopic procedure, 1 month later for an associated ventricu-
locisternostomy. (n) View of the precedent fenestration
with a better angle, because of the cyst and brain decom-
pression. (0) Overview of the tectum of the midbrain, the
cerebellum, and the right brain parenchyma, lying on the
tentorium. (p, q) Ventriculocisternostomy

to hydrocephalus. The case insists on the neces-
sity to achieve the largest possible fenestrations
to avoid any recurrence. Lechanoine et al. made a
video describing the step by step endoscopic
procedure (Lechanoine et al. 2018).

Role and Importance of ETV in the Treatment
As we have seen above, many authors advocated
the need of combining ETV with fenestration of
the cyst. The argument is that, fenestrating only
the cyst is insufficient to relieve the aqueductal
compression, because of a likely alteration of the
CSF pathway by extrinsic aqueductal stenosis
arising from long-standing high pressure exerted
by the cyst, which may persist despite the cyst
opening (Di Rocco et al. 2005). It is made by
fenestration of the anterior wall of the cyst
through the third ventricle and then the fenestra-
tion of its posterior wall at the surface of the
cerebellum, providing communication between
the cyst and the supracerebellar cistern. With
ETYV, the aqueduct is bypassed into the anterior
basal cisterns.

Gangemi et al., in a study of 16 patients, rec-
ommend to treat this cyst by endoscopic
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Fig. 33 Case 2. Kind of expected results on another
patient (than CASE 1) with quadrigeminal arachnoid cyst
type 1 and hydrocephalus. (a, b) T2-weighted MRI with
axial and coronal sections, showing the artifacts of flows
through the cystoventricular fenestration. (¢, d) Coronal

procedures, because they found an equivalent
success rate between patients treated by neuro-
endoscopy (87.5%) and treated by traditional sur-
gery such as craniotomy and cyst excision and/or
shunt (85%) (Gangemi et al. 2005). They advo-
cated that endoscopic interventions are less inva-
sive and avoid shunt dependency.

Discussion on Treatment

In 2011, Gangemi et al. have performed a com-
prehensive review of 61 reports in the literature
comparing the clinicoradiological outcome of the
traditional procedures (microsurgical fenestration

T2-weighted and sagittal CISS-weighted sections showing
the artifacts of flows inside the third ventricle and through
the third ventriculocisternostomy into the interpeduncular
and prepontine cisterns

and/or shunting) with endoscopic fenestration in
the treatment of 63 reviewed cases of quad-
rigeminal arachnoid cysts (Gangemi et al. 2011)
(Table 10).

According to the last studies, neuroendoscopy
seems to be very effective in the treatment of
quadrigeminal arachnoid cysts, with the best success
rate in children older than 6 months, when combined
ETV and cystoventriculostomy can be performed as
a first surgical option, allowing shunt independence,
in a single procedure. It can also be an alternative
treatment of shunt revision in patients already
shunted, in order to remove the shunt.
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Fig. 34 (continued)
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Fig. 34 Case 3 (Lechanoine et al. 2018). Two endoscopic  associated hydrocephalus. (a, b) Axial section of
procedures spaced of 6 months on a patient with a  T2-weighted MRI. (¢) Coronal section of T2-weighted MRI.
quadrigeminal arachnoid cyst type 3 with right lateral exten-  (d) Sagittal section of CISS-weighted MRI. Note the
sion in the middle cranial fossa and around the midbrain;  quadrigeminal cyst following the right portion of the midbrain
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Table 10 Success rate between surgical options for
quadrigeminal arachnoid cysts treatment without isolating
hydrocephalus (Gangemi et al. 2011). Note that microsur-
gical procedure and shunting are placed on the same line

Good outcome
(%)
Microsurgical fenestration and/or 85

shunting

Endoscopic fenestration

Technique

88.5

Good outcome = complete or partial clinical remission

Posterior Fossa Cyst
Pathophysiology of Hydrocephalus

Hydrocephalus in posterior fossa arachnoid cysts
may be caused by an obstruction of CSF pathways
by compression of the aqueduct but may be also
caused by obstructing the openings of the fourth
ventricle or trapping them at the foramen magnum
(Di Rocco et al. 1981, 1979; Galarza et al. 2010;
King et al. 2010). Maybe the location of these cysts
in the posterior fossa could also provoke restriction
of natural CSF flows into the basal cisterns.

Subtypes

Infratentorial arachnoid cysts have plenty of clas-
sifications in the literature with no guideline.

<

F. Lechanoine and G. Cinalli

Little et al. made a classification simply based on
the localization: prepontine (extension of supra-
sellar cases), cerebellopontine angle, tentorial,
inferior midline, superior midline, intraventricu-
lar, and hemispheric (Little et al. 1973).

Vaquero et al. proposed another one based on
the localization but also on the extension possibil-
ity (Vaquero et al. 1981).

All authors agree to differentiate arachnoid
cysts of the posterior fossa from other
malformations such as mega cisterna magna
or Dandy-Walker and its variant (see in part “Pre-
natal and Neonatal Hydrocephalus”, chapter

“Hydrocephalus Associated with Cerebral
Malformations”).

The difference with mega cisterna magna must
also be done. It consists of a developmental defect
resulting from a splitting of the falx cerebelli and
the absence of the transverse arachnoid fold, which
normally constitutes the upper limit of the cisterna
magna. Mega cisterna magna is usually asymptom-
atic and does not need any treatment. Factors for
the diagnosis of retrocerebellar arachnoid cyst are
the enlargement of the posterior fossa and thinning
of the occipital bone and hydrocephalus.

Most of the prepontine or retroclival cysts are
part of suprasellar cysts (treated in the sub-
chapter), as with recent publications they seem
to come from the same entity.

«

Fig. 34 (continued) instead of the ambient cistern. (e—0)
First endoscopic procedure for a ventriculocystocis-
ternostomy, through a right parasagittal trans-parietal
approach. (e) Posterior view of the right ventricular atriums
and its choroid plexus. (f) Gentle coagulation of the cho-
roid plexus to retract it, revealing the inter-trigonal velum
interpositum, which has a common wall with the inner
membrane of the cyst. (g—i) Ventriculo-cystic fenestration.
A posteriori this stoma turns out to be too small. (j) Poste-
rior overview from inside the cyst, showing the tectum of
the midbrain and the middle cranial fossa. (k) Superior
view of the cerebellum, overlooked by the great cerebral
vein. (1) Posterior view of the right petro-clival angle in lieu
of ambient cistern. (m—o0) Cysto-cisternal fenestration. A
posteriori this stoma turns out to be too small as well.
(p—w) 6 months later it turned out that the clinicora-
diological response of the patient was not enough; a second
endoscopic intervention was performed to reopen widely
the fenestrations. (p) Posterior view of the right ventricular

atrium. Note the occlusion of the previous stoma. (q, r)
Bigger new ventriculo-cystic fenestration. (s) Posterior
view of the frontal horn of the right lateral ventricle show-
ing amply the hippocampus, its anterior winding, and its
indented aspect. Not that the cyst has discarded the con-
nection of the hippocampus with the fimbria and the cho-
roid fissure that are pushed to the left side. (t-w) Wide new
cysto-cisternal fenestration in the petro-clival right angle,
below the fourth cranial nerve and the superior petrosal
sinus. (v) View, through the stoma, of the right sensitive
and motor roots of the trigeminal nerve and the Dorello’s
canal of the sixth cranial nerve. (x—z) Postoperative
MRI showing a satisfying decreasing of the cyst, brain
decompression and decreasing of hydrocephalus.
(x) T2-weighted axial section. (y) T2-weighted coronal
section showing artifacts of flows through the ventriculo-
cystic fenestration. (z) CISS-weighted sagittal section
showing artifacts of flows through the cysto-cisternal
stoma
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Table 11 Classification of posterior fossa arachnoid cysts

Subtype Extension
Midline Pushes the vermis anteriorly,
separating the two cerebellar
hemispheres
Retrocerebellar Pushes both cerebellar
Supracerebellar hemispheres downward

(Figs. 35 and 36)
Compresses one cerebellar
hemisphere (Figs. 37 and 38)

Displaces the cerebellum and
brainstem contralaterally

(Fig. 39)

Cysts occupying several above-
cited compartments

Within the fourth ventricle

Lateral cerebellar

Cerebellopontine
angle

Large cysts

Intraventricular

Others (retroclival,
tentorial notch)

Often, supracerebellar arachnoid cysts are min-
gled with quadrigeminal cysts, which are treated
in the section “Quadrigeminal Cysts.”

We propose to use a classification based on
anatomical location and extension (Table 11).

Radiology (Figs. 35, 36, 37, 38, and 39)

As said above, it is very important to differentiate
arachnoid cysts of the posterior fossa from other
malformations like the Dandy-Walker malformation
and its variants (see chapter » “Hydrocephalus and
the Dandy-Walker Malformation™).

Treatment/Surgical Techniques

Symptomatic posterior fossa arachnoid cysts are
associated with hydrocephalus in around 90% of
cases. Specific treatment of the cyst or of hydro-
cephalus should be part of preoperative strategy.
Ideally the treatment of the cyst should resolve
hydrocephalus.

According to the literature, the option of the
best treatment should depend on the relationships
of the cyst with ventricles and basal cisterns. Cysts
can be communicating or not communicating
(Juan F. Martinez-Lage et al. 2011).

Some authors consider that, even with associated
hydrocephalus, the treatment of choice remains

1023

microsurgical fenestration or excision, because
according to them, hydrocephalus is secondary and
obstructive and will be consequently resolved.

Microsurgical Procedure

Cysts of the cerebellopontine angle usually
require microsurgical fenestration because of this
extremely delicate location that forbids the possi-
bility of shunt implantation, with a high risk of
injury of neurovascular structures after decom-
pression. Using of microsurgical instruments is
more than recommended for dissection of thick
arachnoid membranes through cranial nerves and
vascular structures of the cerebellopontine angle,
with an associated better overview of the angle.

Di Rocco et al. treated with good outcome
eight children by large fenestration and excision
of posterior fossa cysts using common microsur-
gical techniques (Di Rocco et al. 1981). He has
also treated successfully by open craniotomy an
arachnoid cyst of the fourth ventricle (Di Rocco
etal. 1979).

Samii et al. used microsurgical procedure to
treat 12 patients affected by cerebellopontine
angle cysts for the most part of them or lateral
cerebellar cysts (Samii et al. 1999). It was pos-
sible to perform a complete cyst excision only in
one case. But his series includes children and
adults. A suboccipital retrosigmoid approach
was performed for all patients; the outcome was
good for all except one patient.

Retrocerebellar cysts of the midline can also
be considered as eligible to open craniotomy
procedures.

Standard Microsurgical Procedure

For all cases, a suboccipital craniotomy should be
performed. According to the location of the cyst,
we will adapt it.

Cerebellopontine Angle and Lateral Cerebellar
(Fig. 40)

A suboccipital retrosigmoid approach is needed.
The patient is positioned ventrally with the head
turned ipsilaterally or in lateral derivative positions.
The smaller the cyst the more tangential should be
the working axis to the intracranial face of the
petrous bone. This position is obtained by a gentle
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Fig.35 Computed tomodensitometry of a retrocerebellar arachnoid cyst of the midline. (a, b) Axial sections. (¢) Sagittal

section

flexion, eversion, and lateral rotation of the head.
The skin incision is adapted to the location of the
cyst but is standardly 1 in. behind the mastoid
process, one third above, and two third below the
projection of the lateral venous sinus. A keyhole
craniotomy is performed classically in the angle of
the lateral and sigmoid sinuses but also adapted to
the cyst location. In the particular case of arachnoid
cyst of the cerebellopontine angle, no brain

retraction is necessary. The use of microsurgical
instruments allows large fenestrations of the cyst
between the neurovascular structures, which have
to be recognized and gently dissected. The ideal
situation is a complete excision of the wall of the
cyst. Fenestrations consist of cystocisternostomy
and cysto-fourth-ventriculostomy if necessary.
The suture of the dura mater has to be particu-
larly watertight because of high risks of CSF



Hydrocephalus and Arachnoid Cysts

1025

Fig. 36 T2-weighted MRI of a retrocerebellar arachnoid cyst. (a) Axial section. (b) Sagittal section

flowage. Figure 40 shows the microsurgical pro-
cedure performed on a left lateral cerebellar
arachnoid cyst.

Midline

A median suboccipital infratentorial approach is
performed and also adapted to the location of the
cyst. Figure 40 shows the microsurgical proce-
dure performed on a left lateral cerebellar
arachnoid cyst.

Shunting

Different options are available such as im-
plantation of a ventriculoperitoneal shunt alone,
a cystoperitoneal shunt alone, or combined
shunting of both ventricle and cyst. In case of
combined shunt, it is highly recommended to use
a three-way connector between the intracranial
catheters and the valve.

King et al. reported the successful treatment
of giant retrocerebellar arachnoid cysts by
ventriculocystostomy in combination with direct
hydrocephalus treatment (endoscopic third
ventriculostomy or shunt placement) (King
et al. 2010).

The implantation of a shunt in a posterior fossa
arachnoid cyst exposes to the risks of shunt
malfunctions, shunt dependency, slit cyst syn-
drome, and a proper entity as an induced chronic
tonsillar herniation (see below). In the literature,

the percentage of shunt malfunction is around
10-25.

Standard Shunting Procedure (Fig. 41)
Because of the need of shunting the posterior
fossa, careful installation of the patient has to be
done. The most comfortable position is a supine or
slightly lateral rolled position with the head turned
contralaterally at the maximum in order to cor-
rectly expose the occipital bone. The use of
neuronavigation system is highly recommended
as it will allow finding the cyst but mainly finding
the ideal intracranial position of the catheter,
thinking to the future position of the cerebellum
after cystic decompression. Figure 41 shows a
retrocerebellar arachnoid cyst leading to acute
hydrocephalus of a newborn, treated by shunting
procedure.

Endoscopic Procedure

One should pay attention to the communicating
character or not (with the fourth ventricle) of
arachnoid cyst of the posterior fossa. According
to King et al., communicating arachnoid
cysts may be first treated by endoscopic way
(King et al. 2010). As usual, the preoperative
MRI with CISS-weighted and flow sequences
has to be carefully analyzed to look at the mem-
branes of the cyst. For these cases, King et al.
recommend to perform a third ventriculostomy
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Fig. 37 Right paramedian arachnoid cyst of the posterior fossa. (a, b) T2-weighted axial sections of MRI.

(¢) T1-weighted sagittal section

(ETV) or a ventriculocystostomy combined
with a third ventriculostomy, with good results
on both the hydrocephalus and the cyst volume.

Idris et al. described three cases of endoscopic
fenestrations by three different surgical appro-
aches: transfrontal transaqueductal, transtrigonal,
and suboccipital infratentorial supracerebellar
with good outcome (Idris et al. 2016).

The transaqueductal trans-Magendie fenestration
of arachnoid cyst of the posterior fossa has also been
described (Feletti et al. 2016). They claimed that an
endoscopic one-time treatment is better, performing
an ETV and a cystocisternostomy in the same time
with a flexible endoscope.

Standard Endoscopic Procedure (Figs. 42

and 43)

The use of the neuronavigation system is particu-
larly recommended as it can help in the disturbed
anatomy, to locate the position into the cyst and
the ventricle and estimate the presence of
neurovascular structures under cystic membranes.

ETV and/or Ventriculocystostomy

The patient is positioned supine with the neck
slightly flexed, as for an endoscopic third
ventriculostomy procedure. The burr hole is
made on the mid-pupillary line according to the
preoperative planning. If only ETV is needed, one
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can use a coronal/precoronal burr hole. If a trans-
aqueductal trajectory is desired, the burr hole will
be more anterior. In case of combined procedures,
the location of the burr hole has to be adapted,
helped by neuronavigation. The orientation of the
aqueduct is an important point that has to be
studied on preoperative MRI.

An incision of the dura mater is made allowing
its subsequent watertight closure. The rigid or

Fig. 38 Small left lateral arachnoid cyst of the posterior
fossa on a T2-weighted MRI on coronal section
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flexible endoscope is introduced in the frontal
horn of the lateral ventricle.

The ETV procedure is treated in (See in Treat-
ment: Endoscopy, chapter » “Endoscopic Third
Ventriculostomy™).

The transaqueductal passage can be performed
only with a perfect axis through it with the rigid
endoscope or with the flexible one, to avoid dam-
ages to the periaqueductal substance and particu-
larly to the tegmentum of the midbrain. Then,
ventriculocystostomy and/or cystocisternostomy
is performed.

The endoscope is removed, and attention is paid
to avoid cerebrospinal fluid loss, avoiding brain,
ventricular, or cyst collapse while maintaining
flows through the fenestrations. The dura is sutured.

Suboccipital Infratentorial Supracerebellar
Approach
The patient is in ventral position. The orientation
of the head depends on the preoperative planning.
If a cystoventriculostomy and/or an inferior
aqueductoplasty is needed, the midline is kept at
the zenith, and the head is maximally flexed to
catch the axis of the aqueduct.
If the cyst is lateral to the cerebellum, the head
will be turned to the ipsilateral side; the cutaneous
incision and burr hole will be lateral.

Fig.39 MRI of a left arachnoid cyst of the cerebellopontine angle. (a) T2-weighted coronal section. (b) CISS-weighted
axial section passing by the left trigeminal nerve, which is pushed forward by the cyst
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Fig. 40 (continued)
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Fig. 40 Left lateral cerebellar arachnoid cyst. (a) Preop-
erative axial T1-weighted MRI showing the compression
of the left cerebellar hemisphere. (b—d) The patient
underwent first an endoscopic procedure with fenestra-
tions. (e) The clinical and radiological results were not
sufficient as seen on an axial T2-weighted MRI.
(f-0) Secondary microsurgical procedure. (f) Left sub-
occipital retrosigmoid craniotomy of 2 cm of diameter.
(g) Dura opening. (h) View of the external wall of the

cyst. (i, j) Excision of a part of the wall. (k, ) Way down
to the cerebellopontine angle. (m—o0) Microsurgical dissec-
tion and fenestration of the inner wall of the cyst and basal
cisterns between cranial nerves and vascular structures.
(p, q) Postoperative T2-weighted MRI showing artifacts
of flows through the cysto-cisternal stoma. Note the
decompression of the external cystic wall but the presence
of an ipsilateral subdural hygroma. (p) Axial section.
(q) Coronal section

Fig. 41 (a—c) Computed tomodensitometry on axial sec-
tions of a newborn developing acute intracranial hyperten-
sion. Note the severe acute hydrocephalus on obstructing
process by a retrocerebellar arachnoid cyst. (d) Axial post-

operative computed tomodensitometry showing the

implantation of a cystoperitoneal shunt. (e, f)
T2-weighted axial MRI performed 1 month later, showing
a satisfying collapse of the cyst and the subsequent resolu-
tion of the obstructive hydrocephalus
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Fig. 42 Case 1. Right lateral cerebellar arachnoid cyst.  and associated hydrocephalus. (¢) Extracranial view of the
(a, b) T2-weighted axial sections on MRI, showing the cyst  operative field showing a right occipital bur hole, with dura
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If the cyst is supracerebellar, the head will not
be much flexed, keeping an axis tangential to the
tentorium.

An incision of the dura mater is made allowing
its subsequent watertight closure. The rigid endo-
scope is then introduced. The cysto-cisternal and
cystoventricular fenestrations are made with con-
ventional endoscopic techniques. Figure 42
shows the endoscopic procedure performed on a
right lateral cerebellar arachnoid cyst. Figure 43
illustrates the endoscopic procedure on a large
right lateral infracerebellar arachnoid cyst associ-
ated to hydrocephalus.

Discussion on Treatment

In 2011, Gangemi et al. have performed a com-
prehensive review of 61 reports in the literature
comparing the clinicoradiological outcome of
the 3 surgical procedures in the treatment of
83 posterior fossa arachnoid cysts (Gangemi
et al. 2011) (Table 12). The distribution of
cases was as follows: 37% in the midline cere-
bellar region (77% retrocerebellar, 23% supra-
cerebellar), 24% in the lateral cerebellar region,
27% in the cerebellopontine angle, and 10% of
large cysts with extension in both midline and
lateral regions.

Hydrocephalus and Arachnoid Cyst Within
the Fourth Ventricle

Arachnoid cysts of the fourth ventricle are
extremely rare entities. Only 14 case reports
including children and adults can be found in the
literature. In 1979, Di Rocco reported the first case
of'a 7 years old boy presenting with hydrocepha-
lus caused by a fourth ventricle’s cyst (Di Rocco
et al. 1979).

Clinically, most of the reported cases presented
with the similar triad symptoms of a normal pres-
sure hydrocephalus, often with ataxia in the
foreground.

<
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Radiologically, they may provoke an appar-
ently quadriventricular hydrocephalus with a
fourth ventricle dilated by a cyst, making mostly
a huge compression of the brainstem and cerebel-
lum descending through the foramen magnum.

Radiological examination must differentiate
them from ependymal, dermoid, epidermoid, and
astrocytoma cysts and a trapped fourth ventricle.
Most of the authors agree to say that the MRI flow
sequences are very useful to differentiate various
cysts and guide the operative technique.

Some of these cysts were treated first by a
ventriculoperitoneal shunt, which provided insuf-
ficient clinical improvement. All of them needed,
in first or second intention, a microsurgical oper-
ation by median suboccipital approach to resect or
fenestrate the cyst. No endoscopic procedure has
been described.

Secondary Chiari Following
Cystoperitoneal Shunt (Fig. 44)

Acquired chronic tonsillar herniation as a
postoperative complication has been first
described during the 1990s, as a consequence of
lumboperitoneal shunting or multiple lumbar
punctures, performed for pseudotumor cerebri or
communicating hydrocephalus. Payner et al.
explained this phenomenon by the appearance of
a pressure gradient across the cranio-spinal
compartments, causing the tonsillar herniation
(Payner et al. 1994).

In 1994, Hassounah et al. reported the case of
an acquired Chiari malformation, induced by the
shunt implantation for a supratentorial arachnoid
cyst (Hassounah and Rahm 1994). Then, several
other cases were reported (Caldarelli et al. 2009;
Di Rocco and Tamburrini 2003; Di Rocco and
Velardi 2003; Lazareff et al. 1998; Mendonga
et al. 2006; Kim et al. 2002; Martinez-Lage et al.
2009; Osuagwu et al. 2009). This form of
acquired Chiari malformation followed -early

«

Fig. 42 (continued) opened and herniation of the cyst
through it. (c—k) Endoscopic procedure. (d) View of
the inside of the cyst through the outer membrane.
(g-k) Fenestrations of the basal membrane of the cyst.

(I, m) Postoperative axial T2-weighted MRI showing an
important decompression of the cyst with a hematoma
inside. Diminution of hydrocephalus (less trans-
ependymal resorption, enlargement of the cortical sulci)
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Fig. 43 (continued)
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Fig. 43 Case 2. Large right lateral infracerebellar arach-
noid cyst. (a—¢) T2-weighted MRI. (a) Axial section show-
ing the mass effect on the parenchyma. (b) Axial section
with chronic hydrocephalus. (¢) Sagittal section showing
the infracerebellar location of the cyst with an isolated
dilated fourth ventricle. (d-r) Endoscopic procedure. The

patient is in ventral position; the head very flexed. The burr
hole is made on the horizontal part of the occipital bone
close to the foramen magnum, with a vertical trajectory and
superior direction from the virtual cerebellomedullar cis-
tern (upper part of images represents anterior anatomical
part, lower part, the posterior part; right side is on the left).
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Table 12 Success rate between the three surgical options
for posterior fossa arachnoid cysts treatment without iso-
lating hydrocephalus (Gangemi et al. 2011)

Technique Good outcome (%)
Microsurgery 90
Cyst shunting 86

83.3

Good outcome = complete or partial clinical remission

Endoscopic fenestration

implantation of shunt, either ventriculoperitoneal
or cystoperitoneal, for arachnoid cysts. The mean
age of the patients in the literature was 6,6 years,
the shunt being initially implanted at ages com-
prised from 2 days to 28 years (Martinez-Lage
et al. 2009). According to this review, the interval
to the appearance of tonsillar herniation was com-
prised between 6 months and 10 years (mean age
4,5 years) after shunt implantation.
Same findings have been seen following shunt
treatment of Dandy-Walker malformation.
Embryologically, the posterior fossa originates
by endochondral ossification of the cartilaginous
scaffold that forms the cranial base as well as the
first four somites that model the occipital bone.
The pathogenesis of this acquired malformation
could have different explanations according to the
authors. Most of them suppose a modification and
reduction of skull growth induced by CSF shunting.
As said above, in section “slit cyst/ventricle
syndrome,” the overdrainage in arachnoid cysts
shunting seems to induce an intracranial CSF
hypotension. Martinez-Lage et al. describe the fol-
lowing process, with an early enlargement of the
ventricles, which are displaced together with the
brain toward the cysts as CSF is drained away

<
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(Martinez-Lage et al. 2009). The venous system
becomes distended and engorged, leading to brain
edema, meningeal swelling, and at term to dural
and suture fibrosis. Probably the absence of pulse
pressure of the brain and CSF within the cisterns,
because of the drainage, leads to increase of this
pathophysiological mechanism. The skull bones
become thicker with paranasal sinuses expansion.
Although these skull modifications are uniformly
distributed, they seem to be prominent in the pos-
terior fossa, finally inducing cranioencephalic dis-
proportion, tonsillar herniation, and displacement
of the superior vermis into the great vein of Galen
cistern or even herniating through the tentorial
notch toward the supratentorial space. Mendonga
et al. think that shunting causes anyway an
alteration of CSF flow dynamic, impairing the
mechanism involved in the brain development
(Mendonga et al. 2006). Figure 44 illustrates
chronic tonsillar herniation following the treatment
of a left temporal arachnoid cyst by shunting.
Clinical manifestations are as various as
headaches, signs of raised ICP (nausea, vomiting,
papilledema, sixth nerve palsy, somnolence/coma),
dizziness, and syncope. Before considering any
treatment of this induced pathology, one has to
carefully evaluate the pathogenesis of each case.
Di Rocco et al. realized prolonged ICP recordings
without showing significant ICP increasing for
most of the patients (Di Rocco and Velardi 2003).
Various managements have been described.
Some authors proposed to increase the level of
CSF drainage, adding a programmable or antisiphon
valve to a valveless CP shunt. Others proposed to
enlarge the skull capacity, which was the first option

Y

Fig. 43 (continued) (d, e) Views of the tegmentum of the
pons and of the medulla oblongata; the right cerebellar
hemisphere is pushed upward. (f-h) Fenestration of the
cystic fourth ventricle (cystoventriculostomy). (i, j) Views
in the axis of the aqueduct, with the tectum of the midbrain
posteriorly and the tegmentum anteriorly. (k, 1) Enlarge-
ment of the stoma. (m, n) View of the vestibulocochlear
nerve from its origin up to the petrous bone. (0) Cysto-
cisternal fenestration through the basal membrane of the
cyst. (p) View of the choroid plexus through the lateral
foramen of Luschka. (q, r) View of the pontine cistern and
the abducens nerve (VI) entering into the Dorello’s canal.

(s—v) Early postoperative MRI showing mostly artifacts of
flows through the cystoventricular fenestration. Note the
presence of a small non-compressive submuscular
meningocele posteriorly to the foramen magnum.
(s) Axial T2-weighted MRI. (t) Coronal T2-weighted
MRI. (u, v) Sagittal CISS-weighted sections showing arti-
facts of flows through the cystoventricular stoma and
through the aqueduct. (w—y) l-year postoperative MRI
showing better decompression and diminution of hydro-
cephalus. The stoma is still permeable. (w, x) T2-weighted
axial sections. (y) Sagittal CISS-weighted showing a better
flow through the aqueduct
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Fig. 44 Same images as Fig. 22 showing a slit cyst
syndrome together to a secondary chronic tonsillar herni-
ation in a patient treated of left temporal arachnoid cyst by
cystoperitoneal shunt. (a) Coronal section of a computed
tomodensitometry showing the slit cyst. (b) Sagittal

in case of severe symptomatic tonsillar herniation.
Two possible surgical enlargements are feasible:
foramen magnum decompression (Kim et al. 2002;
Mendonga et al. 2006), or supratentorial cranial
enlarging procedures (Caldarelli et al. 2009;
Di Rocco and Velardi 2003; Martinez-Lage et al.
2006). Supporters of the supratentorial cranial
enlargement claim that it treats the causal problem
of hindbrain herniation, which is the cranioen-
cephalic disproportion. Some others preferred to
place a lumboperitoneal shunt, with the reason that
this device drains preferably the subarachnoid
spaces. But the initial reason was to treat a slit cyst
syndrome.

There is a benefit/risk balance to keep intact
when treating an arachnoid cyst, particularly by
shunting procedures.

Interhemispheric Cyst

Arachnoid cysts of the interhemispheric fissure
may represent an extension of preexisting hydro-
cephalus and can be considered as congenital
malformations, especially in cases of association
with corpus callosum dysgenesis (Mori 1992;
Martinez-Lage et al. 2011; Caldarelli and
Di Rocco 1996; Cinalli et al. 2006). One can

section of a T2-weighted MRI showing the induced
chronic tonsillar herniation. Note the cranioencephalic dis-
proportion with a small posterior fossa and large cerebel-
lum, virtual subarachnoid spaces

also find gyral abnormality, glial heterotopia,
holoprosencephaly, and encephalocele as differ-
ential diagnoses. They usually are diagnosed dur-
ing childhood with a head enlargement,
sometimes asymmetrical, seizures, and psycho-
motor retardation. Neuroepithelial cysts are often
associated with polymicrogyria and neuronal
heterotopia. These associated anomalies might
be helpful in preoperative differentiation of
neuroepithelial or glioependymal cysts from
arachnoid cysts. Ependymal cysts may be intra-
axial or extra-axial in location. Gross psychomo-
tor retardation has been reported in many patients
with such an anomaly.

They are distinguished from other arachnoid
cysts by lack of direct communication with the
ventricles, except in cases of associated callosal
agenesis.

Pathophysiology of Hydrocephalus

Interhemispheric arachnoid cysts may distort the
CSF pathways by displacement downward of one
or both the foramina of Monro, obstructing the
aqueduct. This may result in a mono- or
biventricular dilatation. Because of the location
of the cyst, the ventricular dilatation is
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Table 13 Classification of interhemispheric arachnoid cysts according to Mori (1992)

Relationship with
the ventricles
No communication

Possible mass effect

Communication

Types Subtypes Associated malformations
Extra- | Unilateral parasagittal None
axial cysts (Fig. 45)
Midline cysts (bilateral Intact corpus callosum
extension) Partial/total agenesis of corpus callosum
Intra- (Figures 46 and 47) Dorsal cyst of holoprosencephaly
axial

Diencephalic cyst (upward extension of the third

ventricle). Porencephalic cyst

asymmetrical and marked in the body and occip-
ital horn. The frontal horn is compressed and
displaced laterally. The second possible explana-
tion of associated hydrocephalus may be the
impairment of the resorption mechanism over
the convexity (Spennato et al. 2013).

Subtypes

In the literature, the most interesting classification,
based on histological discoveries, clinicoradiological
presentation, associated congenital anomalies, and
prognosis, is the one of Mori (1992) (Table 13).
Histologically, he considered interhemispheric cysts
as arachnoid cysts but also and more rarely
neuroepithelial or glioependymal cysts.

Radiology (Figs. 45, 46, and 47)

Imaging should first exclude other interhemispheric
cysts such as the severe holoprosencephaly (Young
et al. 1992; Lena et al. 1995). Lena et al. reported
antenatal diagnosis by echography (Lena et al.
1995; Vergani et al. 1999).

Preoperative DRIVE and CSF flow sequences
on MRI allow the detection of the thinner point of
the cyst wall, where the stoma should be done,
with minimal brain damage (Cinalli et al. 2006;
Spennato et al. 2013).

Treatment/Surgical Techniques
Cysts in this location may or may not communi-

cate with the ventricles, depending of the associ-
ation of callosal agenesis, holoprosencephaly,

encephalocele, gyral abnormalities, and glial
heterotopia (Mori 1992; Caldarelli and Di Rocco
1996; Cinalli et al. 2006; Lena et al. 1995;
Spennato et al. 2013). Their relationship with the
ventricular system and subarachnoid spaces
makes the choice of fenestration in the fore-
ground, also if most studies treated about shunting
management (Mori 1992; Lena et al. 1995;
Caldarelli and Di Rocco 1996; Spennato et al.
2013).

Microsurgical Procedure

Caldarelli and Di Rocco reported 25 children with
interhemispheric arachnoid cysts, 14 of them
diagnosed prenatally (Caldarelli and Di Rocco
1996). Sixteen were treated by microsurgical
excision of the wall associated to fenestration
through the midline cisterns or the ventricles. Six
benefited from cystoperitoneal shunting, and three
were treated by ventriculoperitoneal shunting and
cyst fenestration in a second intervention. During
the follow-up, 68% of their patients were clini-
cally asymptomatic; the others suffered from psy-
chomotor delay.

Shunting (Fig. 48)

Lena et al. treated 16 patients with
interhemispheric arachnoid cysts associated to
callosal agenesis by ventriculoperitoneal shun-
ting: “The outcome was good in the large majority
of cases” (Lena et al. 1995). Ulu et al. treated
seven patients, four of them with callosal agenesis
and three with callosal hypogenesis, by
cystoperitoneal shunting (Ulu et al. 2010). Three
patients had associated hydrocephalus, two
diagnosed prenatally, and needed an additional
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Fig. 45 Small left parasagittal arachnoid cyst on MRI. (a) Axial T2-weighted section. (b) Sagittal T2-weighted section.
(c) Coronal T1-weighted section. Note that there is also a median retrocerebellar arachnoid cyst

ventricular catheter, which was connected to the
valve by a Y-shaped connector during the same
intervention. The clinical outcome was good in
86% of the patients, including the three children
with hydrocephalus. The cysts were nearly or
totally resolved for 71% and partially for 29%
of the children. Figure 48 shows the implantation
of a ventriculo-cystoperitoneal shunt on an
interhemispheric arachnoid cyst. It illustrates the
clinicoradiological appearance of a slit ventricle
syndrome after a few years.

Endoscopic Procedure

During the last decade, neuroendoscopic proce-
dures have obtained a prominent place, but only
one article talks about neuroendoscopic manage-
ment of interhemispheric cysts. Cinalli et al.
reported seven cases of interhemispheric cysts,
including three patients with hydrocephalus, all
of them had an endoscopic fenestration from the
cyst to the cisterns and/or the ventricles (Cinalli
et al. 2006). Six children had agenesis of the
corpus callosum and one a hypogenesis. The
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Fig. 46 Intra-axial interhemispheric arachnoid cyst that
benefited of from endoscopic multiple fenestrations; MRI.
(a) T2-weighted axial section. (b) T2-weighted coronal
section. (¢) CISS-weighted sagittal section. Note the

success rate was 71%, and the two remaining
patients benefited from a second endoscopic fen-
estration, because of the closure of the initial
stoma, and the other one had a lumboperitoneal
shunt because of subcutaneous collection of CSF.
Three children had a postoperative subdural
hygroma, one requiring a subduroperitoneal
shunt. Forty-three percent of them had normal
psychomotor development and the other had
delay. Only two patients had preoperative hydro-
cephalus, and both had disappearance of ventricle

complete agenesis of corpus callosum and the aspect of
continuous third ventricle, which has no roof and is in
direct communication with the vertex

dilatation by reopening of the aqueduct caused by
size reduction of the cyst. This allowed the
absence of shunt dependency for all patients.

Standard Endoscopic Procedure (Cinalli et al.
2006) (Figs. 49, 50, and 51)

Of course, the very good knowledge of the intra-
ventricular anatomy (choroid plexus especially)
and intracisternal nerves and arteries will greatly
help for the orientation. However, neuronavigation
is highly recommended to find the best placement
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Fig. 47 Huge intra-axial interhemispheric cyst on T2-weighted MRI. (a) Sagittal section. (b) Coronal section. (¢) Axial

section

of the burr hole to perform the ideal trajectory with
the endoscope, according to the cyst’s characteris-
tics in size and location, the size of the ventricles,
and the relationships with the third ventricle.
The objective is the communication between the
cyst and ventricles and/or the subarachnoid
spaces of the basal cisterns (quadrigeminal,
interhemispheric, prepontine cisterns). Usually
the entrance, first into the cyst, is easier, using a
paramedian burr hole (the anteroposterior place-
ment depends on the preoperative planning).
Then the ventricular wall is recognized with
the help of the neuronavigation system and perfo-
rated, thus achieving the realization of a

cystoventriculostomy. If the size of the ventricular
system permits, one can perform ventriculocis-
ternostomy, through the third ventricle into the
interpeduncular cistern (third ventriculostomy). If
fenestration with the ventricles is impossible or
risky, one can perform a cystocisternostomy,
toward the interhemispheric or quadrigeminal cis-
terns. Figures 49, 50 and 51 illustrate the endo-
scopic procedure performed on a left frontoparietal
parasagittal arachnoid cyst (Fig. 49), a left para-
sagittal arachnoid cyst associated to partial corpus
callosum agenesis (Fig. 50), and an extra-axial
arachnoid cyst of the midline associated to com-
plete agenesis of the corpus callosum (Fig. 51).
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Fig. 48 Interhemispheric arachnoid cyst, treated by a
ventriculo-cystoperitoneal shunt years ago. Currently the
patient presented a slit cyst/ventricle syndrome with intra-
cranial hypertension symptoms (headache, visual loss, and

Discussion on Treatment
In 1992, Mori advocated for a combined surgery
for patients with associated hydrocephalus,
microsurgical large fenestration and excision of
cyst’s wall, and placement of a ventriculo-
peritoneal shunt (Mori 1992).

In 2011, Gangemi et al. have performed a
comprehensive review of 61 reports in the litera-
ture comparing the clinicoradiological outcome of
the 3 surgical procedures in the treatment of

sections

papilledema). (a,
tomodensitometry showing collapse of the ventricles
around the catheter. (¢, d) T2-weighted axial and coronal
MRI sections

b) Axial of computed

44 interhemispheric together with convexity
arachnoid cysts (Gangemi et al. 2011) (Table 14).

Intraventricular Cyst

Intraventricular arachnoid cysts are, by defini-
tion, developed from a ventricle and should be
differentiated from other arachnoid cysts that
have an extension through a ventricle, such as
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Fig. 49 (continued)
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Fig. 49 Case 1. Left frontoparietal parasagittal arachnoid
cyst of a premature newborn. (a) Axial T2-weighted MRI.
(b) Sagittal CISS-weighted MRI showing the intact corpus
callosum. (c¢) Parasagittal CISS-weighted MRI showing a
trapped left occipital ventricular homn. (d) Coronal
T2-weighted MRI. (e-m) Endoscopic procedure for cystoven-
tricular fenestration. (e) The patient is supine; the head is
slightly flexed. Left parasagittal burr hole with hernia of the

suprasellar cysts within the third ventricle and
quadrigeminal and interhemispheric cysts
toward a lateral ventricle. Arachnoid cysts devel-
oped from the fourth ventricle have also been
described. Often, in the literature, these cysts
are not really individualized and are often asso-
ciated to the ones cited above. Most of them are
case reports, so a consensual therapeutic man-
agement is difficult to extract.

Differential diagnoses of intraventricular arach-
noid cyst are posttraumatic, hemorrhagic, and
infectious cysts. Some authors consider cysts of
the choroid plexus as arachnoid cysts because of
histological findings (Nakase et al. 1988; Pelletier
et al. 1990; Shou et al. 2015). According to these
authors, during the formation of arachnoid cysts,
the mesenchyme in the blood vessels probably
folds into the cavity of the neighboring ventricle,
such as choroid fissure, covered by a layer of glial
and ependymal cells (Shou et al. 2015). Histolog-
ical examination confirms that the top of the cyst
wall is often so thin that there is no more glial or
ependymal tissue, allowing its safe fenestration.

Pathophysiology of Hydrocephalus

Intraventricular arachnoid cysts may arise from
the displacement of arachnoid cells by the vascu-
lar mesenchyme, through the choroid fissure,

upper wall of the cyst. (f) Fenestration of the upper wall.
(g) View from inside the cyst, noting a small intracystic
hemorrhage. (h, i) Peeling of the external wall of the cyst by
rinsing with physiological serum outside the cyst. (j) This
opens spontaneously the left lateral ventricle. (k—-m) View
from the entry point of the left ventricular atrium with its
choroid plexus. The occipital horn (not seen) is posterior to us

during the process of choroid plexus development
(Martinez-Lage et al. 1992). The mechanism of
hydrocephalus is probably due to obstruction of
the lateral ventricle with mono- or biventricular
dilatation, or the third ventricle with a
biventricular hydrocephalus, and to accumulation
within the cyst of CSF merging around the plexus
vessels (Juan F. Martinez-Lage et al. 2011).

Subtypes

There is no classification in the literature based on
clinical presentation or extension as other arach-
noid cysts, but we can simply classify them
according to the ventricle wherein they grow, as:

— Lateral ventricle: often developed in the tri-
gone area, the body of the ventricle, temporal
or occipital horn

— Third ventricle

— Fourth ventricle (treated in the section “Poste-
rior Fossa Cysts”)

Radiology (Fig. 52)

CISS sequences allow visualization and delimita-
tion of intraventricular cysts and their relation-
ships with the ventricular walls. CSF flow
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Fig. 50 Case 2. Left parasagittal arachnoid cyst with
partial agenesis of the corpus callosum. (a, b) T1- and
T2-weighted axial MRI sections. (¢, d) Sagittal and
coronal T1-weighted sections showing the upper com-
pression of the ventricle (third and lateral) by the cyst.

(e—i) Endoscopic procedure for cystoventricular fenes-
tration. (e, f) Upper view from outside the external wall
of the cyst, which has been fenestrated and retracted.
(g—i) View of an unfolded parenchyma from inside the
cyst that is fenestrated to the third ventricle. (j) Early
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sequences may be useful during the preoperative
planning to diagnose a non-communicating cyst.

Treatment/Surgical Techniques

Historically, intraventricular arachnoid cysts have
been treated by microsurgical fenestration and/or
cystoperitoneal shunt procedures.

In 1992, Martinez-Lage et al. published three
cases of patients with intraventricular arachnoid
cysts. One of them was treated by craniotomy
with cyst excision associated to a cystoperitoneal
shunt, one was treated by endoscopic fenestration
and catheter placement, and the last one was
treated with a single cystoperitoneal shunt (Mar-
tinez-Lage et al. 1992).

The largest series of purely intraventricular
arachnoid cysts with retrospective compared
study of the different techniques is the one of
Zhao et al. with 39 patients with microsurgical
resection and 28 with endoscopic fenestration or
resection (Zhao et al. 2013). They reported, for
these lateral ventricle cysts, a success rate (clinical
remission or improvement) in 93% of neuro-
endoscopic procedures, versus 67% for the micro-
surgical group. They found also significantly less
blood loss, operative time, and complications in
the endoscopic branch, with a recurrence rate of
0% versus 21% in the group with craniotomy. The
total resection rate followed the same values that
the clinical success rate has.

Microsurgical Procedure

Microsurgery for resection of intraventricular
arachnoid cysts consists of a craniotomy with a
transcortical or sometimes interhemispheric trans-
callosal approach. The main problem with this
technique for deep-seated lesions is the high mor-
bidity rate because of the necessity of several
manipulations through the operative channel
and parenchymal injuries, with also a worse
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visualization. According to the literature with
mainly case reports, the clinicoradiological suc-
cess rate of open surgery procedures is included
between 54% and 96% but with a non-negligible
rate of complications (up to 30%) and rate of
reinterventions.

Shunting

Single cystoperitoneal shunting or ventriculo-
peritoneal shunting seems to cause an expansion
of the other undrained compartment. There is the
same rate of malfunction (40%) as other shunt
procedures (Zhao et al. 2013).

Endoscopic Procedure

The second largest series of purely intraventricu-
lar arachnoid cysts is the one of Shou et al. with
21 patients, including 11 children (Shou et al.
2015). All of the patients were treated by endo-
scopic procedure guided by a neuronavigation
system, allowing a cystoventricular fenestration
in most of the cases or cyst resection in the others.
The clinical success rate was 100% and the ven-
tricle size was smaller in all cases. There was no
difference of outcome between a total resection
and a single large fenestration. Seven histopatho-
logical diagnoses were done in this series, and two
of them found a choroid plexus cyst.

Standard Endoscopic Procedure (Shou et al.
2015) (Figs. 53, 54)

The advantage of procedures within the ventricles
is the capacity for the operator to keep his land-
marks thanks to the normal intraventricular
anatomical structures. But, when an arachnoid
cyst grows inside, this helpful anatomy may be
distorted or absent.

The neuronavigation system should be used to
define the optimal entry point and trajectory. Cysts
in the ventricular atrium can be approached by a
trans-trigone approach; those of the body of the
lateral ventricle can be joined by a transfrontal

«

Fig. 50 (continued) postoperative axial section of a com-
puted tomodensitometry, showing an important cyst
decompression and a hemispheric hygroma. (k) Axial
computed tomodensitometry performed 1 year later,

showing a satisfying balance with absence of
compression or hydrocephalus. Note that the cortical
sulci are well seen
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Fig. 51 Case 3. Extra-axial arachnoid cyst of the midline

associated to complete corpus callosum agenesis.
(a) T2-weighted axial MRI. (b) T2-weighted on coronal
section showing the symmetrical extension of the cyst,
compressing downward the third ventricle. (¢) Sagittal
CISS-weighted section showing the polylobed character
of the cyst. (d—n) Endoscopic procedure for cystoven-
tricular fenestrations and third ventriculostomy. (d) The
patient is positioned supine and the head slightly flexed.
The entry point is the right lateral angle of the fontanel.
(d, e) Extracranial view of the burr hole and the herniated
external wall of the cyst that is opened. (f) Upper view of
the brain parenchyma from inside the cyst. Anteriorly we

Table 14 Success rate between the three surgical options
for interhemispheric together with convexity arachnoid
cysts treatment without isolating hydrocephalus (Gangemi
etal. 2011)

Technique Good outcome (%)
Microsurgery 89

Cyst shunting 100

Endoscopic fenestration 75

Good outcome = complete or partial clinical remission

horn approach. Then a standard burr hole is
performed, and the endoscope can be inserted
guided by neuronavigation into the ventricle.
When using a posterior approach for cysts of the

can see the middle intracystic septum (seen on (c)).
(g, h) Fenestration of the inner wall of the cyst, being the
postero-superior roof of the third ventricle (on (c)).
(i) Penetration through the stoma, showing the venous
confluent to the great cerebral vein in front of the free
edge of the falx. (j) Posterior view of the third ventricle.
(k) Second fenestration anteriorly on the roof of the
third ventricle. (l-n) Postero-superior view of the third
ventricle and third ventriculostomy. (o, p) Computed
tomodensitometry with axial sections, performed 6 days
postoperative, showing a symptomatic bilateral hygroma,
with the need of secondary implantation of a subdural-
peritoneal shunt

trigone, after entering the ependyma, the small
ventricular lumen can collapse, and the whole
view of the endoscope can be occupied by the
wall of the cyst that is impossible to penetrate
with the endoscope itself. Cystoventricular fen-
estration should then be performed at this point
and can be technically challenging because of the
lack of working space due to the collapse of the
ventricular lumen (Fig. 52¢). Two techniques can
be used at this time: with the first, withdrawal of
1 cm of the whole endoscope inside the paren-
chymal track usually allows to better see the cyst
wall and offers a small working chamber for
instrument manipulation. With the second the
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Fig. 52 Growth of an arachnoid cyst of the right
ventricular atrium. (a—d) First MRI showing the cyst.
(a, b) T2-weighted axial sections showing anterior and
medial walls of the cyst. (¢) Coronal CISS-weighted

outer sheath of the endoscope is hold in contact
with the cyst wall, while the optic is unlocked
from the sheath and withdrawn of few millime-
ters, creating an artificial working space where
instruments can be manipulated to create an open-
ing in the cyst wall. After the first small opening in
the cyst wall, the cyst usually collapses and
detaches itself from the ependymal wall, allowing
to work in a much larger space. As said before, it

section. (d) Sagittal CISS-weighted section showing the
anterosuperior wall of the cyst. (e-g) Second MRI
performed 2 years later. (e, f) T2-weighted axial sections.
(g) T1-weighted sagittal section

is better to perforate the top of the cyst because of
a thinner and non-gliotic or ependymal layer. The
fenestration should be at least from 10 to 15 mm.
The deeper wall of the cyst should be fenestrated
too, to prevent cyst recurrence or postoperative
obstructive hydrocephalus. In case of a
non-adherent cyst’s wall to the ependyma, one
can consider a resection of the cyst. Care should
be taken during dissection of the cyst from
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Fig. 53 Case 1. Arachnoid cyst of the left ventricular
atrium on T1-weighted MRI. (a) Axial section. (b) Coronal
section. (c—h) Endoscopic procedure consisting of
ventriculo-cystoventricular fenestrations. The patient is
positioned supine, with the head turned to the right side.
The burr hole is made on the parietal bone for kind of the
same approach than a classical ventriculoperitoneal shunt.

ependyma on the midline and from the choroid
plexus, because of the risk of injuring the sur-
rounding vessels. Figures 53 and 54 detail the
endoscopic procedure for an arachnoid cyst of
the left ventricular atrium (Fig. 53) and a cyst of
the left lateral ventricle (Fig. 54).

(c¢) Lateral view of the cyst from the parenchymal entry
point. Fenestration with the balloon. (d) View from inside
the cyst of the left frontal horn through the internal wall of
the cyst. (e-h) Cystoventricular fenestration. (i) Postoper-
ative T2-weighted axial MRI showing a satisfying cyst
decompression inside the atrium

Discussion on Treatment

In 2013, Zhao et al. compared, in their series, the
success rate between microsurgery (39 patients)
and neuroendoscopy (28 patients) in the treatment
of intraventricular arachnoid cysts (Zhao et al.
2013) (Table 15).
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Fig. 54 Case 2. Arachnoid cyst of the left lateral ventri-
cle. (a, b) Axial sections of computed tomodensitometry
and T2-weighted MRI showing severe hydrocephalus.
(¢, d) Sagittal and coronal CISS-weighted sections show-
ing hernia of the cyst under the falx and the corpus
callosum. (e-1) Endoscopic procedure consisting of maxi-
mum cyst wall fenestration and excision and septostomy.
(e—g) Large fenestration and peeling of the lateral wall of
the cyst from the ependyma. (h) View of the falx and the

Table 15 Success rate between microsurgery (39 patients)
and neuroendoscopy (28 patients) for intraventricular
arachnoid cysts treatment without isolating hydrocephalus,
according to Zhao et al.’s series (Zhao et al. 2013)

Technique Good outcome (%)
Microsurgery 67
Endoscopic fenestration 93

Good outcome = complete or partial clinical remission

Whatever the procedure, the persistence of a
ventriculomegaly in certain cases in the literature
does not mean a failure of the treatment as the
patient becomes asymptomatic.

Intraventricular arachnoid cysts seem to repre-
sent a very good indication for endoscopic fenes-
tration because of a simple and safe procedure.

Hydrocephalus and Arachnoid Cyst Within
the Third Ventricle (Fig. 55)

Arachnoid cyst of the third ventricle, which does
not come from suprasellar or quadrigeminal areas
and causing hydrocephalus, is uncommon and
fairly described in the literature. Most of them
arise from the posterior portion of the third ventri-
cle, eventually growing from the choroid plexus.
The most common intraventricular cysts are supra-
sellar cysts, but they really have to be differentiated
because of their embryologic and anatomical

herniation of the cyst. (i-1) Cystoventriculostomy of the
right ventricle through the horizontal septum pellucidum.
(1) View of the contralateral ventricle. (m) 3 months post-
operative axial T2-weighted MRI showing a good decom-
pression and artifacts of flows. (n, o) 6 months
postoperative MRI showing a relaxed cyst wall inside the
ventricle. (n) T2-weighted axial section. (0) T1-weighted
coronal section

origins, their extension and repercussion on sur-
rounding structures such as optic nerves/chiasm,
pituitary stalk, and floor of the third ventricle. In
fact, the latter one has an important operative con-
sequence, because when performing an endoscopic
approach from the lateral to the third ventricle, the
wall of the cyst is made of an arachnoid cell layer,
and not by the floor of the third ventricle as this is
the case with suprasellar cysts. Figure 55 shows the
endoscopic procedure for an arachnoid cyst of the
third ventricle.

Radiologically, this kind of cysts can easily be
missed on a CT, because it molds the third ventri-
cle and can be taken for its simple dilatation.
Diagnosis is only allowed by targeted CISS or
DRIVE sequences on MRI.

They can be treated easily by endoscopic pro-
cedure, performing a cyst fenestration or resection
by coagulation, associated with an ETV.

As choroid plexus cysts are often small cysts,
they cause obstructive hydrocephalus by occlu-
sion of the aqueduct opening and more rarely by
occlusion of foramen of Monro.

Hydrocephalus and Choroid Plexus Cysts

Choroid plexus cysts are frequent, usually small,
and asymptomatic intraventricular lesions. They
are more frequent in the lateral ventricles,
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Fig. 55 Case 3. Arachnoid cyst of the third ventricle.
(a, b) Axial computed tomodensitometry performed in
emergency for a child in a sudden coma. The CT shows
acute triventricular hydrocephalus. Actually it is an
obstructive biventricular hydrocephalus caused by a third
ventricle cyst, which is seen and materialized by the white
arrow. (c—t) Endoscopic procedure consisting of ventricu-
locystocisternostomy, by a conventional right parasagittal
approach through a coronal burr hole. (¢) View through the
parenchymal chimney of the interior of a cyst of the septum

especially in the atrium, although they can be
found in the third one. They are attached to the
plexus, usually at one point, which make them
floating freely within the ventricle and can pro-
voke intermittent obstruction of the CSF circula-
tion, closing the aqueduct opening or the foramen
of Monro by strangulation through the latter
(Azab et al. 2015). A dozen of other cases are
described. Azab et al. showed this particular
movement of a cyst within the ventricles, during
an endoscopic procedure. If the obstruction hap-
pens in a foramen, the hydrocephalus may be
asymmetrical. The floating movement has also
been showed in some studies with ultrasono-
graphic videos. It is important to note that choroid
plexus cysts are frequently found during fetuses’
ultrasonography and increase the incidence of
other pathological findings such as trisomies.

pellucidum. (g) Inter-fornix approach to an internal cere-
bral vein. (h—j) View of the right choroid plexus, which is
followed to the right blocked foramen of Monro that is
opened by a gentle pression downward. (k) Posterior
rotation allowing the view of the third ventricle with a
large cyst. (I-m) Large ventriculo-cystic fenestration.
(0—q) Exploration of the third ventricle, which is finally
free, as the aqueduct. (r, s) Rotation of the endoscope,
showing arteries of the posterior complex. (t) Superior
view of the third ventricle

The three main surgical options are applicable
and described for choroid plexus cysts. During the
past years, many authors reported successful
endoscopic procedures to perform cyst fenestra-
tion or resection by cauterization. Usually, an
ETV was performed too. As these choroid plexus
cysts come from the posterior portion of the third
ventricle, where they may cause obstruction of the
aqueduct, it is common to use a 30° endoscope
after performing the ETV. Others will prefer to
realize a double approach with two burr holes, one
before the other, to particularly avoid fornix inju-
ries (Ho et al. 2015).

Choroid plexus cysts of the third and lateral
ventricles have been treated by cystoventriculo-
peritoneal shunting, endoscopic fenestration/
resection, and microsurgical fenestration/-
resection, using transcortical or transcallosal
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approaches. After the 2000s, only endoscopic
techniques have been described with very high
success rates, making them the preferred treat-
ment (Azab et al. 2015; de Lara et al. 2013;
Ho et al. 2015).

Convexity Cyst
Pathophysiology of Hydrocephalus

The origin of arachnoid cysts of the convexity is
not very known, because they grow far from the
basal cisterns and ventricles. Probably they arise
from the arachnoid membranes of the convexity,
trapped in a sulcus. Arachnoid cysts of the con-
vexity are seldom associated with hydrocephalus,
except for those of huge size.

Subtypes

There is no real classification made in the literature
for arachnoid cysts of the convexity. Usually, they
can be classified into two main groups. The first
one includes focal cysts, according to the cerebral
lobe with which they are in contact and their expan-
sion: frontal, temporal, parietal, occipital, and a
combination of two/three lobes. The second group
includes hemispheric cysts. In the Rengachary and
Watanabe classification, these cysts were some-
times extensions of Sylvian fissure cysts and
interhemispheric cysts (Rengachary and Watanabe
1981). The hemispheric ones exercise a compres-
sion of the cerebral parenchyma and the lateral
ventricle, which can induce a dilatation of the con-
tralateral ventricles.

Radiology (Fig. 56)

On a computed tomodensitometry, in infants, it
may be difficult to differentiate a hemispheric cyst
with a chronic subdural hematoma/hygroma or a
hemiaplasia cerebri caused by an arrest in the
development of one carotid artery and its
branches, but these diagnoses are often more
symptomatic, and there is no cranial asymmetry.

1053

The mass effect on the ipsilateral sulci is typically
stronger with hygroma or hematoma. The MRI
will differentiate the diagnosis.

Focal cysts are often associated with a cranial
bone deformity, but on a computed tomography,
they can assimilate to a low-grade glioma because
of a focal hypodensity revelated often by seizures.
Figure 56 shows the MRI of a patient with small
arachnoid cysts of the convexity.

Treatment/Surgical Techniques

The data of literature about the treatment of these
lesions is difficult to extract because of the frequent
confusion of convexity cysts and interhemispheric,
or sometimes with temporo-Sylvian cysts, in older
articles (Matsuda et al. 1982; Chernov et al. 2004;
Karabatsou et al. 2007, D’Angelo et al. 1999;
Nowostawska et al. 2006; Oertel et al. 2009;
Shim et al. 2009; Sommer and Smit 1997;
Tamburrini et al. 2007; Gui et al. 2013). Most of
them talk about endoscopic technique. The
other possibilities are the implantation of a
cystoperitoneal shunt, microsurgical fenestration/
excision, and cystoventricular shunting. Basically,
the surgical technique aims to fenestrate the cyst in
a contiguous ventricle, forcing to have a huge
convexity’s cyst, or in the subarachnoid spaces,
which must be widely opened. Sometimes the
cyst can be close to a cistern, as the pericallosal,
the Sylvian, or a basal cistern.

Following the microsurgical technique of fen-
estration, the endoscopic procedure appeared.
Oertel et al.,, in 2009, reported 11 cases of
convexity’s cysts, all treated by endoscopic pro-
cedure with fenestration into the lateral ventricles
(Oertel et al. 2009).They had 58% of total resolu-
tion of the symptoms and 34% of partial amelio-
ration. Ninety-two percent of the cysts decreased
in size, 8% needed a repeated intervention for
closure of the stoma at 7 years follow-up, and
8% had a subdural hematoma that needed surgical
evacuation. Gui et al. reported eight cases of
arachnoid cysts of the convexity treated endo-
scopically (Gui et al. 2013). All of them showed
a clinical resolution or improvement. All of the
cysts decreased on the radiological controls. One
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Fig. 56 (a—c) T2-weighted MRI showing small arachnoid cysts of the convexity, without any mass effect. (a) axial

section. (b, ¢) coronal sections

patient had associated hydrocephalus with a large
parieto-occipital arachnoid cyst, adjacent to the
occipital horn of the left ventricle. For all of the
cases, they performed a fenestration between the
cyst and the adjacent ventricle, with addition of a
third ventriculocisternostomy for cases with
hydrocephalus, which disappeared. One patient
had a spontaneously resolvent subdural hygroma.
Galarza et al. reported 12 patients with a symp-
tomatic cyst of the convexity, but no one had
hydrocephalus (Galarza et al. 2002). Microsurgi-
cal fenestration was performed on four of them;
the others were treated by cystoperitoneal shunt.
Only 25% had radiological disappearance of the

cyst; all of them have benefited of shunt. One
hundred percent of the patients were asymptom-
atic at the follow-up.

To the three main treatments, cystoventricular
shunt can be added.

Standard Microsurgical Procedure
(Figs. 57 and 58)
Microsurgical technique is mostly indicated when
a convexity arachnoid cyst is far away from any
ventricle or cistern.

The position of the patient is adapted to the
location of the cyst. The size of the craniotomy
depends on the size of the cyst. The aim of the
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Fig. 57 Case 1. Microsurgical resection of a progres-
sively growing right frontal convexity arachnoid cyst.
(a) Computed tomodensitometry in axial section showing
the cyst. Note the bone lysis. (b) Axial T2-weighted MRI
4 years later. (¢) Coronal T2-weighted MRI 6 years after
first imaging. (d) Microsurgical excision of the cyst walls.

procedure is a complete removal of the cyst. Pay
attention to the bridging veins that may be
included into the walls of the cyst. Watertight
closing is always very important. Figures 57 and
58 illustrate the microsurgical procedure for the
treatment of a right frontal convexity arachnoid
cyst (Fig. 57) and a left fronto-polar arachnoid
cyst (Fig. 58).

White arrows: rest of arachnoid membranes on bridging
veins. (e) T2-weighted axial MRI 4 months after surgery.
(f, g) l-year postoperative MRI showing a satisfying
regression of the cyst (probably complete, taking into
account the bone lysis). (f) T2-weighted axial section.
(g) T1-weighted coronal section

Standard Endoscopic Procedure (Gui
et al. 2013)
As usual, the preoperative planning and the peri-
operative use of the neuronavigation system are
very important. They help to choose optimal loca-
tions for fenestrations.

The position of the patient and the placement
of the burr hole are adapted to the location of the
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Fig. 58 Case 2. Microsurgical resection of a left fronto-
polar arachnoid cyst. (a, b) T2-weighted axial sections of
the preoperative MRI. (¢) T1-weighted sagittal section.

Table 16 Success rate between the three surgical options
for convexity together with interhemispheric arachnoid
cysts treatment without isolating hydrocephalus (Gangemi
etal. 2011)

Technique Good outcome (%)
Microsurgery 89
Cyst shunting 100
Endoscopic fenestration 75

Good outcome = complete or partial clinical remission

cyst. The aim of the procedure is to perform a
cystoventricular, a cysto-cisternal, or a cysto-
subarachnoid fenestration.

Watertight closing is always very important.

(d) Microsurgical view through the craniotomy and
durotomy. Remaining parts of the walls, adherent to bridg-
ing veins

Discussion on Treatment

In 2011, Gangemi et al. have performed a com-
prehensive review of 61 reports in the literature
comparing the clinicoradiological outcome of the
3 surgical procedures in the treatment of 44 con-
vexity together with interhemispheric arachnoid
cysts (Gangemi et al. 2011) (Table 16).

Conclusion
Hydrocephalus is mainly associated with poste-

rior fossa and midline arachnoid cysts (Pierre-
Khan and Sonigo 2003; Marinov et al. 1989;
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Fewel et al. 1996; Shim et al. 2009). No signifi-
cant differences in outcome and quality of life of
patients between treatments have been found in a
large meta analysis (Ali et al. 2014). Suprasellar,
interhemispheric, quadrigeminal, and posterior
fossa arachnoid cysts seem to be the best indica-
tions for endoscopic fenestration, because of
their position in the midline, in intimate relation-
ships with basal cisterns and ventricles. Cortical
cysts are best treated by open surgery or
shunting.

Using natural fluid structures as field of
approach, each time it is possible, seems to be a
key of the success of neuroendoscopy, keeping an
overview of anatomy. Preferring ventricles allows
recognition of normal anatomical structures.

Keep in mind during neuroendoscopic proce-
dures to use the neuronavigation system after a
good preoperative planning (Cinalli et al. 2007,
Martinez-Lage et al. 2011). Pay attention to real-
ize the largest possible fenestration (Abott 2004).
Large openings prevent subsequent occlusion
(Lechanoine et al. 2018). Multiple fenestrations
help for the restoration of better CSF pathways.
Intraoperative tabulation control of the flows
through stoma could give good indices about sub-
sequent efficiency. Each time it is possible and
safe, perform a third ventriculostomy (Di Rocco
etal. 2005). For such neuroendoscopic procedures
the experience of the assistant surgeon is atleast as
important as the one of the main surgeon (Abott
2004).

Choosing the implantation of a cyst or
ventriculoperitoneal shunt must be carefully
weighed, because such a solution implies a life-
long condition, with a high risk of complications,
such as shunt malfunctions, shunt dependency, or
acquired chronic tonsillar herniation malforma-
tion, which can lead to severe clinical manifesta-
tions and represent a huge challenge for their
management (Kim et al. 2002; Laviv and
Michowitz 2010; Li et al. 2014; Martinez-Lage
et al. 2009). Anti-siphon or programmable valves
seem to decrease such complications.

The appropriate expression “primum non
nocere” has to be still kept in mind for the man-
agement of benign intracranial lesions such as
arachnoid cysts, in case of asymptomatic ones.
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Anatomical Nomenclature of Figures

3V Third ventricle

4V Fourth ventricle

AC Anterior
commissure

AcoA Anterior communi-
cant artery

Aq. Aqueduct

BA Basilar artery

BM Basal membrane of
the arachnoid cyst

BV Basal vein

Cereb. Cerebellum

Ch. Optic chiasm

ChP Choroid plexus

clivus -

CN Caudate nucleus

Cyst -

Falx -

flocc. Flocculus

M Foramen of Monro

GCV Great cerebral vein

Hipp. Hippocampus

I, 10, 1L, TV, V, VI, VII,
VIIL IX, X, XI, XII
ICA

Cranial nerves

Internal carotid

artery

ICv Internal cerebral
vein

Inf. Infundibulum

insula -

IPS Inferior petrosal
sinus

JB Jugular bulb

LT Lamina terminalis

LV Lateral ventricle

MB Mamillary bodies

MCA Middle cerebral
artery

MCF Middle cranial fossa
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med. obl. Medulla oblongata
Mid. Midbrain
MN Mixes nerves
PC Posterior
commissure
PCA Posterior cerebral
artery
PCli Posterior clinoid
PcoA Posterior communi-
cant artery
Petr. bone Petrous bone
pons -
PS Pituitary stalk
SP Septum pellucidum
Tent. Tentorium
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