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of Arachnoid Cysts
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1 Introduction

In 1831, English physician Bright first described
arachnoid cysts (ACs) as serous cysts sur-
rounded by a wall related to the arachnoid mem-
brane [68]. ACs are the most common benign,
non-neoplastic, intra-arachnoid abnormalities
of the brain. ACs are encapsulated by the arach-
noid membrane which is filled with a fluid like
cerebrospinal fluid (CSF). They are usually
asymptomatic. When they are symptomatic,
symptoms are usually related to the mass effect
on adjacent structures and locations. Prenatal
ultrasound (US) screening and the widespread
use of magnetic resonance imaging (MRI) and
computed tomography (CT) for other head
pathologies lead to incidentally diagnosed ACs
[11, 41, 81].

The incidence of ACs is controversial because
the asymptomatic course of ACs obscures the
true incidence. In the literature, the incidence of
ACs is reported as approximately 0.5-1.5% of
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the population [41, 82, 85]. Al-Holou et al. stud-
ied 11,738 patients aged 18 years or younger who
had undergone brain MRI and found that the
prevalence in childhood was about 2.6%. In
another study in adults by Al-Holou et al., 661 of
48,417 patients had ACs, with a 1.4% prevalence
[4, 5].

ACs can be seen throughout life, but nearly
75% of ACs are diagnosed in childhood. Males
are twice more likely to be affected, and the left
hemisphere is predominantly affected although
the etiology is unknown [4, 5, 25, 30]. ACs are
usually sporadic and present as a single malfor-
mation. Multiple ACs may occur in syndromes
and metabolic disorders such as glutaric aciduria
type 1, polycystic kidney disease, Down syn-
drome, neurofibromatosis, etc. in which the inci-
dence of ACs increases [30, 48].

The location of the ACs in the cranial cavity
varies; in adults, 60-70% of ACs are found in the
middle cranial fossa and Sylvian fissure (Figs. 1
and 2). Infratentorial ACs are 10% of ACs and are
located in the cerebellopontine angle or retrocer-
ebellar area (Fig. 3). Infratentorial ACs are more
common in children than in adults. ACs are also
rarely found in the suprasellar, interhemispheric,
intraventricular, and cerebellopontine angles and
in the spinal region [4, 19]. Most ACs remain
stable, but rarely progression or regression can be
seen [5, 66, 73].
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Fig. 1 (a—d) MRI of the brain of a 55-year-old patient; AC is anterior to the right temporal lobe. A V-P shunt catheter
used to treat AC is depicted. Temporal remodeling and mass effect of the AC are clearly seen
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Fig. 2 (a—d) MRI of the brain of a 6-year-old child. eral years of follow-up, the AC was stable in volume and
There is an AC at the left temporal pole that was diag-  shape. There is remodeling of the skull near the sphenoid
nosed incidentally during fetal ultrasonography. After sev-  bone and orbital walls
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Fig. 3 (a, b) Infratentorial AC was diagnosed incidentally while evaluating for neck pain. T2-weighted MRI images
show hyperintense cystic collection. (b) CT shows hypodense cystic collection that compresses the cerebellum

2 Pathology, Etiology,
and Clinical Symptoms

ACs are fluid-filled arachnoid layers formed by
cleavage of the arachnoid membrane due to con-
genital malformation or as a result of intracranial
pathology. Primary ACs are a congenital develop-
mental anomaly of the arachnoid mater due to
cleavage of the arachnoid membrane at the edge
of the cyst, which fills with CSF-like fluid, also
called true ACs [8, 67]. Primary ACs are located
in the arachnoid space and are surrounded by a
vascularized collagen wall lined with multilay-
ered hyperplastic arachnoid cells. ACs are distin-
guished from arachnoid granulations and
membranes by a thick collagen wall lined with
hyperplastic arachnoid cells and by the absence of
trabecular processes. The inner and outer layers of
the ACs are fused at the border, and they continue
as normal arachnoid membrane. Choroid plexus
and neuroglial cells can be seen in some cases of
suprasellar or posterior fossa ACs. Primary ACs
are the most common type [59, 67].

Secondary ACs are required ACs as a result of
head trauma, infection, inflammation, etc., in
which CSF-like fluid accumulates in the arach-

noid space. Pericystic gliosis and hemosiderosis
may accompany the cyst. The contents may be
proteinaceous or xanthochromic, and an arach-
noid cell layer is not present [59, 78].

ACs can be also classified as communicating
and noncommunicating cysts depending on their
relationship to the subarachnoid CSF space. In
communicating ACs, there is a connection
between the AC and the surrounding subarach-
noid space, allowing CSF to enter the cyst space
(Fig. 4). As for noncommunicating ACs, the AC
has no communication, and CSF cannot enter the
cyst. If surgical intervention is required for treat-
ment of ACs, the difference between communi-
cating and noncommunicating cysts should be
established for treatment management [67].

ACs filled with CSF-like fluid are clear and
contain no cellular debris, proteinaceous mate-
rial, hemosiderin, or inflammatory cells with the
same osmolarity and concentration of sodium,
potassium, chloride, calcium, magnesium, and
glucose. But some proteins and enzymes are
minimal or absent, such as hemoglobin, carbonic
anhydrate, lactate dehydrogenase, and alpha-1-
antitrypsin, which distinguish CSF from ACs [9,
72].
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Fig. 4 (a—c) A 55-year-old male patient with recurrent
syncope. An intraventricular AC is seen on coronal
T2-weighted, DWI-weighted, and TIl-weighted MR

ACs are often stable in size and behavior.
Occasionally, they regress and disappear entirely
[19, 69, 73, 80]. ACs rarely enlarge resulting in
remodeling of the calvarium, mass effects on sur-
rounding tissue, and other symptoms [19]. There

images, and CSF flow is seen as a signal void in the cyst
on T2-weighted images. Communicated cyst

are several theories that explain the enlargement
of ACs. In the one-way valve mechanism theory,
CSF enters the cyst space but cannot escape. The
osmotic gradient theory explains the expansion
by the hyperosmolar intracystic space and the
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influx of fluid into the cyst from the iso-osmolar
environment. The other theory explains the
expansion of the ACs by secretory arachnoid
cells lining the inner wall of the ACs and secret-
ing CSF-like fluid [14, 71]. It is believed that the
combination of these three mechanisms contrib-
ute to the development of ACs, but this is still
controversial [23].

Most ACs (80-90%) are located in the supra-
tentorial space. The vast majority of ACs in the
supratentorial space arise from the Sylvian fis-
sure (50-60% of all intracranial ACs) and are

located in the temporal fossa (Figs. 1 and 2). The
quadrigeminal plate region and the chiasmatic
cistern are other common sites for supratento-
rial ACs (Fig. 5). The interhemispheric fissure
and convexity are less frequent sites of origin [4,
19] (Fig. 6). The lateral cerebellopontine (CP)
angles (Fig. 7) and the midline retrocerebellar
cisterns are fairly equivalent, whereas the inter-
peduncular and prepontine cisterns are a rare
site of origin of the infratentorial ACs. Unlike in
children, the retrocerebellar location of ACs in
adults is as common as that of ACs in the middle

Fig.5 (a—c) This is a quadrigeminal plate AC in a 25-year-old male patient complaining of headache and compressing
the medial temporal lobes and cerebellum
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Fig. 6 (a—d) A 43-year-old female patient complains of headache. MRI shows no contrast enhancement and no
diffusion-restricted extraaxial lesion that can be diagnosed as AC

cranial fossa [4, 5]. Some ACs located in the
suprasellar and quadrigeminal plate may grow
toward and into the cerebral ventricles (Fig. 5).
Paraventricular cysts are usually primary ACs.
The purely intraventricular cysts generally
develop secondary to tumoral, inflammatory,
posthemorrhagic, or postinfectious processes or
are secondary to malformative lesions (cavum
septi) or arise from the choroid plexus or epen-
dyma [50, 63] (Fig. 4).

Symptoms of ACs usually depend on the loca-
tion and size. Headache, seizures, hydrocephalus,
macrocrania, hormonal deficits, visual loss,
hearing loss, and facial sensory loss can be
observed. After head trauma, cyst rupture, hem-
orrhage, intracystic hemorrhage, or hygroma
development leads the asymptomatic cysts to
become symptomatic. Patients with ACs are
prone to develop subdural hematomas after minor
head trauma [4, 33, 34, 37, 53, 55].



140 P.i. Demir et al.

Fig.7 (a—e) A 63-year-old woman complains of dizziness and tinnitus. There is a cystic lesion in the right pontocere-
bellar cistern leading to these symptoms. The diagnosis is AC
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3 Radiological Diagnosis
of Arachnoid Cysts
3.1 Antenatal Ultrasonography

US has a role in diagnosing ACs, predominantly
in prenatal, infantile, and early childhood peri-
ods. As the cranial bones thicken in the advanced
ages, sonographic resolution decreases consider-
ably and does not allow intracranial evaluation
[83]. US is useful as a noninvasive, widely avail-
able, cost-effective, and radiation-free imaging
technique with a high yield for detecting and
characterizing cystic masses [10]. These features
of US also allow serial examination in the follow-
up of the AC and its complications [90].

The standard prenatal approach for evaluating
the central nervous system (CNS) is US imaging
[33]. Although rare, ACs of developmental origin
(primary) can be detected in prenatal screening
(0.2%) [31]. Prenatal US can reveal an AC as
early as 20 weeks of gestation. However, there is
a case in the literature diagnosed as a posterior
fossa AC by transvaginal US at 13 weeks of ges-
tation [15, 29, 90]. Most children with a prenatal
diagnosis have a normal neurodevelopmental
course. Large size (>2 cm), syndromic/genetic
diagnosis, and/or presence of other intracranial
abnormalities are reported as the predictors of
pathological outcomes [17, 31]. Maternal obe-
sity, oligohydramnios, fetal head engagement
during late pregnancy, or acoustic shadowing by
surrounding bony structures may impair sono-
graphic imaging [10, 13]. In such restrictive
situations, transvaginal neurosonography can be
used. Convex probe (1-6 MHz), sector probe
(3-5 MHz), and transvaginal probes (5—-10 MHz)
are used in the prenatal US [13, 90]. Fetal brain
images are examined predominantly in the trans-
verse axial plane, additionally in the coronal and
parasagittal planes [13]. ACs are imaged as avas-
cular extraaxial anechoic-hypoechoic lesions of
variable dimensions with a thin regular outline,
with or without septa on antenatal US [10, 16, 60,
90]. They do not communicate with the lateral
ventricles and are not associated with loss of
brain tissue. Larger cysts may cause compression
in the adjacent cerebral parenchyma. The cysts

are usually located in supratentorial (50-65%
middle cranial fossa) and rarely infratentorial
areas [15, 57, 89]. If the cyst blocks the foramen
of Monro or the aqueduct, secondary hydroceph-
alus develops, and ventriculomegaly is observed
on US [29, 90]. In addition, ACs and chromo-
somal abnormalities may co-exist, and accompa-
nying structural abnormalities of the CNS such as
frontal polymicrogyria, an abnormal corpus cal-
losum, cerebellar dysplasia, and gray matter het-
erotopia can be visualized on the prenatal US
[15, 17]. In the differential diagnosis of ACs in
prenatal US, porencephalic cysts, choroid plexus
cysts, aneurysms of the vein of Galen, schizen-
cephaly, cystic neoplasms, and intracranial hem-
orrhage should be considered US [15, 17, 90].
AC consists of 1% of neonatal intracranial
masses [15, 17, 29]. Transcranial US is a crucial
diagnostic tool to evaluate the ACs during the
first year of life. It is limited by the closure of the
anterior fontanelle, which generally occurs in
full-term infants 9-18 months of age. A sector
probe (1-4 MHz) was used for the transcranial
US. A high-frequency linear probe (5-10 MHz)
is used for detailed visualization of superficial
structures. Anterior-posterior-sphenoidal fonta-
nelle, temporal area, high parietal convexity,
supraorbital areas, and foramen magnum can be
used as an acoustic window while performing
US. Infratentorial structures are evaluated using
acoustic windows, including posterior-lateral
fontanelle, temporal approach, and foramen mag-
num. The sellar region is a challenging area for
the transcranial US to evaluate small space-
occupying lesions. Images should be symmetri-
cal in the coronal and sagittal planes. ACs are
imaged as extraaxial well-circumscribed smooth
thin-walled anechoic-hypoechoic lesions. Color
Doppler interrogation helps to assess the vascu-
larization of lesions [32, 83]. ACs are avascular,
which can be demonstrated by color Doppler
imaging. Hydrocephalus and brain herniation,
which may develop due to the mass effect caused
by large cysts, can be determined in the US. The
differential diagnosis of an AC is a subdural
hygroma, dilatation of normal subarachnoid
space secondary to underlying atrophy or enceph-
alomalacia, and epidermoid cyst [58].
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US can be used in the diagnosis of ACs as well
as throughout surgical treatment. During the
operation, intraoperative US can clearly define
ACs, and treatment of these cysts, including
drainage and fenestration of septations, is easily
facilitated by intraoperative US guidance. Direct
intraoperative real-time US of the brain and spi-
nal cord is made with scan heads small enough
for use after craniotomy/laminectomy or even
through a burr hole. The sector probe (3—10 MHz)
is generally used as the intraoperative probe [7,
40]. The cysts’ location and extent are evaluated
before the neurosurgical approach for drainage or
excision [40]. Thus, a safer and much more effec-
tive surgery becomes possible.

3.2 Computed Tomography

ACs are usually discovered incidentally during
imaging studies (Fig. 3). On CT, ACs are sharply
demarcated, unilocular, homogeneous, extraaxial
lesions that have identical density with
CSF. Hounsfield attenuation values range from
10 to 20 (hypodense). In the case of intracystic
hemorrhage, they may be hyperintense. ACs do
not usually enhance after intravenous injection of
iodinated contrast medium, but ACs may enhance
with delayed imaging. Bone remodeling such as
calvarial bone thinning, bulging of the skull, and
sphenoid wing displacements can be best distin-
guished on CT. ACs usually obliterate the sub-
arachnoid space and compress surrounding
tissue. ACs vary in size and may be unilocular or
septated [30, 62, 87].

When CT is compared with MRI, soft tissue
contrast is lower, and scanning CT requires an
ionizing dose of radiation, which is a disadvan-
tage in the pediatric population. But CT is a
faster, cheaper, and more available neuroimaging
test than MRI. CT is also helpful in detecting
intracystic hemorrhage. CT imaging is often suf-
ficient to establish the diagnosis of an AC. Thin-
walled cysts that have CSF-like density at the
usual locations generally help to determine the
presence of ACs [30, 87, 88].

3.3 Magnetic Resonance Imaging
MRI is the gold standard imaging tool for ACs
and distinguishes them from other intracranial
cystic lesions. MRI is the most useful diagnostic
tool for evaluating ACs to confirm their extraax-
ial location. On T2-weighted images, ACs exhibit
hyperintense signal that attenuates on fluid-
attenuated inversion recovery (FLAIR) images
similar to that of CSF [24, 30, 87]. On
T1-weighted images, the ACs have hypointense
signal to the brain. Diffusion-weighted imaging
is essential for distinguishing ACs from epider-
moid cysts. Both ACs and epidermoid cysts gen-
erally have the same appearance on T1- and
T2- weighted images (Figs. 1, 2,3,4,5,6,7,8,9,
10, 11, 12, and 13). If ACs rupture or bleed into
the cystic space, blooming can be seen on gradi-
ent echo (GRE) sequences. Uncomplicated ACs
show no blooming on GRE [24, 75]. ACs do not
enhance after gadolinium administration and do
not have diffusion restriction, whereas epider-
moid cysts usually restrict the diffusion on DWI
[15] (Figs. 2, 6, 7, and 8).

For radiological evolution, the radiologist
must first be informed with an accurate history of
the patient by the clinician. During the radiologi-
cal process, the radiologist must assess the mass
effect on the adjacent tissues of the brain struc-
tures, such as nerves, vessels, and affected tis-
sues. In addition, the radiologist must inform the
physician about the cysts that may cause hydro-
cephalus or large cysts that may lead to cerebral
herniation. CT imaging is often sufficient to
establish the diagnosis of an AC. When addi-
tional information is needed about the anatomic
location, size, and structural involvement of an
AC or for follow-up, MRI is the best choice [88].

34 Cisternography

CT cisternography (CTC) and MR cisternogra-
phy (MRC) can be performed to make a decision
for surgery and to further evaluate an AC with
adjacent tissue (small vessels, cranial nerves,
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Fig.8 (a—d) Quadrigeminal plate AC. (¢) Cine images show a signal void due to flow. Since no contrast agent is admin-
istered intrathecally, MRI cine cisternography is one of the noninvasive tools for diagnosing flow in the cyst

etc.). Communication of ACs with the subarach-
noid CSF space can be demonstrated by cister-
nography [26, 88]. In CTC, a safe, nonionic
iodinated contrast agent is injected intrathecally,
and the amount of filling and the time it takes to
fill the cyst (dynamic images) can be obtained
from CT imaging of the ACs. When cysts fill
quickly and completely, they are considered as
freely communicating ACs and treatment man-
agement changes [26, 84]. Communicating cysts

are considered as subarachnoid space diverticu-
las. But slow-filling noncommunicating ACs are
usually regarded as true ACs [88]. When ACs
expand, it is because of an osmotic gradient, ball
valve mechanism, or fluid-secreting arachnoid
cells lining the cyst wall [14, 71].

MRC is another method to assess the connec-
tions of the ACs with the CSF space. MRC can be
performed in two ways. Intrathecal injection of
gadolinium and dynamic imaging of cyst filling
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Fig. 9 (a-d) A 26-year-old female patient was found to
have a cystic lesion after prenatal ultrasonography at
25 months of gestation, and MRI was performed for dif-

can be demonstrated. 0.5-1-mL gadopentetate
dimeglumine (Gd-DPTA) is injected intrathecally
into the subarachnoid space, and serial fat-
saturated T1-weighted images are acquired in
three orthogonal planes. As the cyst fluid enhances,
the connection between the cyst and the subarach-

ferential diagnosis. A giant AC was found in the inter-
hemispheric region accompanied by callosal agnesia

noid space becomes visible [1-3, 89]. In the other
technique, lumbar puncture is not required, and it
is more invasive than classical MRC (Fig. 8).
High-resolution sequences will allow delineation
of the cyst wall and neighboring structures.
Constructive interference in steady state (CISS),
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Fig. 10 (a, b) A 63-year-old man with headache and
tremor. Axial noncontrast MRI of the brain showing a left
extraaxial cyst in the parasellar cistern with CSF intensity

fast imaging employing steady-state acquisition
(FIESTA), and 3D T2-weighted sampling perfec-
tion with application-optimized contrast with dif-
ferent flip-angle evolutions (3D SPACE) can
demonstrate the possible communications of the
AC wall and CSF space and also the relationship
between ACs and surrounding structures such as
cranial nerves and vessels. Phase-contrast cine
MRI combination with cardiac gating can be per-
formed to detect CSF connection to an AC. It is
usually preferred over CT cisternography because
of its minimally invasive nature. If minimally inva-
sive techniques demonstrate the connection, con-
trast-enhanced MRC should be performed to avoid
false-positive results. MRC also provides the abil-
ity to distinguish ACs from enlarged subarachnoid
spaces [35, 89].

An accurate history of the patient must be
obtained from the clinician for radiological evo-
lution. The radiologist must assess the mass
effect on the adjacent tissues of the brain struc-
tures (nerves, vessels, affected tissues) and
inform the clinician about the urgent situations
such as hydrocephalus or large cysts that may
lead to cerebral herniation.

on T2-weighted and FLAIR sequences (arrows). This was
an asymptomatic AC in the left sellar region, so no further
imaging was required

3.5 Fetal Magnetic Resonance

Imaging

Fetal MRI is an advanced diagnostic and evalua-
tion modality. Approximately 80% of all fetal
MRI examinations are performed to evaluate
fetal CNS pathologies. Fetal MRI is a comple-
mentary tool for evaluating the various fetal
pathologies diagnosed by ultrasound (US).
Indications for fetal MRI include evaluation of an
abnormality identified by US; even if the US
examination is normal, there is a high risk of
pathology due to familial, environmental, or lab-
oratory findings. In cases such as maternal obe-
sity, oligohydramnios, and fetal malposition,
where US examination is suboptimal, fetal MRI
is critical for diagnosis and management. In CNS
pathologies, fetal MRI is usually used to check
for ventriculomegaly, underlying pathologies
such as hydrocephalus, dysgenesis of the corpus
callosum, and posterior fossa anomalies, and to
identify brain anomalies such as cortical dysgen-
esis that cannot be detected on US. MRI is more
sensitive than US in fetuses with CNS anomalies
[36, 51] (Fig. 9).
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Fig. 11 (a—c) A 32-year-old female patient with numbness in the left arm and left leg. Cystic lesion in the lateral ven-
tricle without diffusion restriction and hyperintense on T2-weighted images. The diagnosis is AC

Currently, the effects of MRI exposure on the
fetus are not known with certainty, regardless of
the fetal week of gestation. However, due to the
progressive development of the fetal brain, MRI
of the CNS cannot be performed before 19 weeks
of gestation. Fetal MRI is often performed with a
phased array torso surface coil on 1.5-T MR
devices, which has been shown to be sufficient to
solve a standard clinical problem. In some cen-

ters, 3T fetal MRI is also used [21, 51].
Intravenous gadolinium-based contrast agents
are not FDA-approved for use during pregnancy
and are not recommended for fetal MRI. The
development of fast MRI sequences has signifi-
cantly reduced fetal motion artifacts and elimi-
nates the need for fetal sedation. Single-shot fast
spin-echo (SSFSE) T2-weighted sequences are
used as the standard [70]. Ultrafast T2-weighted
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Fig. 12 (a, b) A 19-year-old male complains of seizure. An AC adjacent to the right frontal lobe is seen and bone
remodeling accompanies the cyst

Fig. 13 (a—d) A 36-year-old man incidentally diagnosed =~ FLAIR hypointense, T2 hyperintense signals without dif-
with a homogeneous cystic lesion on examination for  fusion restriction. The diagnosis is AC
multiple sclerosis. An extraaxial lesion with T1 and
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Fig. 13 (continued)

(W) sequences provide excellent visualization of
fetal intracranial anatomy by optimizing the high
tissue contrast between amniotic fluid and fetal
tissue. TIW sequences are primarily used to
visualize hemorrhage, fat, and calcium deposits.
Balanced steady-state free precession (SSFP)
sequences are useful for imaging fetal structures,
particularly the vasculature. Diffusion-weighted
imaging (DWI) plays an important role in assess-
ing developmental and destructive processes in
the brain [51, 70]. On fetal MRI, the AC is
observed as a sharply demarcated and homoge-
neous mass with the same signal as the CSF in all
sequences, resulting in displacement of the adja-
cent parenchyma. The location, size, and com-
pression findings of the cyst are assessed on MRI
images [20]. Prenatal MRI can detect CNS
abnormalities (compression of the aqueduct,
aberrant communication with the ventricles, dys-
genesis of the corpus callosum, ventriculomeg-
aly, other brain abnormalities) that often
accompany ACs [20, 51].

4 Symptoms and Management
of ACs

Clinical symptoms of ACs are often nonspecific
and variable. Incidentally diagnosed ACs do not
show any clinical symptoms [4]. When they
become symptomatic, this is due to progressive
enlargement or bleeding into the cyst. Clinical
findings depend on the cyst’s size, its anatomic
location, and its effect on CSF flow. Cysts may be
small and clinically symptomatic because of their
location, or they may enlarge and cause mass
effect on the surrounding neuronal tissue, cranial
nerves, and vessels, and then symptoms occur [4,
5,30, 37,41, 55, 58, 66, 87, 88].

There is a general consensus for treating
patients with clear symptoms. Headache, epi-
lepsy, psychomotor retardation, attention deficit,
hyperactivity, maniac depression, schizophrenia-
like symptoms, paranoia, psychoses, anosmia,
Meniere’s disease, and hearing loss are com-
monly encountered symptoms, but these clinical
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findings can rarely be entirely attributed to the
cyst. Detailed history and examination must be
performed for appropriate treatment. If the symp-
toms are attributable to the cyst, ACs need treat-
ment [34, 57, 64].

Cyst fenestration or endoscopic fenestration
(formation of a communication between the cyst
and the subarachnoid space) may be suitable for
small, nonobstructive, nonseptated cysts in the
first instance. Ventriculocystostomy or ventricul-
ocisternostomy is also a good choice for long-
term treatment [20, 38, 44]. Placement of a
cystoperitoneal shunt is also one of the surgical
treatments for ACs [18, 39]. However, the rate of
long-term complications is higher than with other
surgical management. Appropriate surgery is
almost always curative, but recurrences have
been reported. Re-accumulation of the cyst
requires shunt placement [65, 87]. In this manner,
there is a higher risk of complications such as
shunt blockage, infection, overdrainage, cranio-
cerebral disproportion, and shunt dependency [6,
47, 79]. Craniotomy must be performed for com-
plete resection of intracranial ACs, and temporal
cysts are more often treated [57].

There is still controversy about treatment pro-
tocols for ACs. If the AC is asymptomatic and
harmless, treatments with a high risk of unneces-
sary complications must be avoided. However,
the results of the mentioned surgical methods are
satisfactory for cysts that are demonstrably
symptomatic.

ACs may require emergency treatment with
the acute onset of symptoms such as obstructive
hydrocephalus, acute myelopathy due to expan-
sion or hemorrhage of a spinal AC, hemorrhage
into a cyst, sudden onset of headache, and neuro-
logic deficit. If symptoms are acute, appropriate
surgical treatment must be performed immedi-
ately [37, 39, 57].

A symptomatic patient should be considered as
asymptomatic if they are without symptoms
related to the cyst. Most of the cases need no treat-
ment. Most ACs in children are discovered inci-
dentally, but in the case of expansion tendency,
rupture, and subdural effusion, ACs can be treated
conservatively [76]. Most pediatric neurosurgeons
advise a “wait-and-see” approach when ACs are

diagnosed incidentally and do not recommend fur-
ther diagnostic examinations in asymptomatic
patients. However, close clinical and radiological
follow-up is recommended [57, 79]. MRI is the
best choice for radiological follow-up. The timing
of follow-up must be determined according to the
size and location of the cyst and the age of the
patient. Larger cysts in patients of younger age
must be closely followed [52].

5 Intracranial Location
of Arachnoid Cysts
5.1 Sylvian Fissure/Middle Cranial

Fossa

In children, when ACs increase in volume, they
may open the fissure and expose the middle cere-
bral artery. This exposure can lead to compres-
sion and underdevelopment of the anterior
superior surface of the temporal lobe. In adults
and children, nearly 50-60% of ACs are located
in the middle cranial fossa—most commonly
temporal lobe—or Sylvian fissure. The left hemi-
sphere is predominantly affected, and headache
is the most common presenting symptom [4, 30,
86] (Figs. 1 and 2).

The origin of middle cranial fossa ACs is con-
troversial since either they may originate directly
from the meninges adjacent to the temporal pole
or partial agenesis of the temporal lobe may lead
to a potential space for cyst formation [27]. ACs
of the middle cranial fossa were classified into
types 1-3 by Galassi in 1989 on CT [26]. Type 1
cysts are small and usually spindle-shaped. They
are located below the sphenoid ridge and limited
to the anterior portion of the middle cranial fossa.
Type 2 cysts lie along the Sylvian fissure and dis-
place the temporal lobe. Type 3 types of ACs fill
the middle cranial fossa, are very large, and com-
press adjacent lobes such as the temporal, ante-
rior, and parietal lobes. In type 3 ACs, proptosis,
contralateral motor weakness and seizures, and
mental impairment with developmental delay are
more common in these patients. Asymmetric
bulging of the skull and macrocrania may occur
in infants [6, 25, 30, 34, 87]. Symptomatic
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patients are usually treated with surgery, but chil-
dren with bitemporal ACs may have glutaric
aciduria type 1 (GAT1), so even simple surgical
procedures may be harmful for them. All pediat-
ric patients with bitemporal ACs should be evalu-
ated for GAT1 before surgical treatment,
especially if there is also macrocephaly, acute
encephalitis-like disease, or a dystonic cerebral
palsy-like condition [48]. Bitemporal ACs are
rare but may occur in other diseases such as neu-
rofibromatosis [50]. Middle cranial fossa ACs
most commonly present with headache, seizures,
and motor deficits [6, 30, 87]. Symptoms are usu-
ally related to the size of the cyst and the mass
effect on adjacent neuronal structures. However,
the relationship between ACs and epilepsy, cog-
nitive impairment, nausea, and dizziness is
unclear [42].

5.2 Sellar Region

ACs in the sellar region are located in the supra-
sellar or intrasellar part of the sella turcica. They
usually occur in pediatric patients and account
for 10% of ACs [26]. Suprasellar cysts are located
between the diaphragma sella and the optic chi-
asm. Because of their mass affect, they may cause
obstruction of the third ventricle at the level of
the foramen of Monro. Hydrocephalus and
enlargement of the head may occur. If they com-
press the optic chiasm or intracerebral portions of
the optic nerve, visual impairment such as unilat-
eral or bilateral decrease in visual acuity and/or
bitemporal hemianopsia may occur. Compression
of the infundibulum, hypothalamus, or pituitary
gland may lead to endocrine dysfunction. Growth
retardation and developmental delay may occur
[23, 55, 56, 91]. Due to compression of the third
ventricle and dorsal thalamic nuclei by large
suprasellar ACs, a rare condition called bobble-
head doll syndrome may occur, with anteroposte-
rior involuntary movements of the head, gait
ataxia, and opisthotonus [38]. On MRI, suprasel-
lar ACs are usually smooth, oval, or round masses
that may push the pituitary gland down and the
chiasm up, occasionally with erosion of the sella
turcica [56, 91]. The differential diagnosis of ACs

in the sellar region includes sellar diverticulum of
the suprasellar cistern, also known as empty
sella, Rathke’s cleft cyst and cystic craniopharyn-
gioma, and epidermoid cysts [74]. Bypass shunt
and resection are surgical options for ACs in the
sella region [56] (Fig. 10).

5.3 Interhemispheric Region

ACs arise from the cistern of the corpus callo-
sum. Although their formation is associated with
compression of the corpus callosum and disrup-
tion of its development by the mechanical mass
effect of the cyst, agenesis of the corpus callosum
can be observed even in the presence of a small
AC. When a normally formed corpus callosum is
observed, these are referred to as “parasagittal”
ACs [22]. These ACs have a relatively higher fre-
quency of signs and symptoms of increased intra-
cranial pressure (ICP) and are found in up to
two-thirds of cases, more often than other sites of
the ACs [46].

Asymmetric macrocrania is the most common
clinical sign usually seen in infants. When the
sutures are closed, headache and vomiting may
be observed in older children and are more likely
to be associated with hydrocephalus. Epilepsy,
developmental delay, hemiparesis, hypotonia,
and ocular changes are other symptoms observed
[12]. MRI is usually the first choice for imaging
when there is a large, giant parafalcine cyst com-
pressing the adjacent brain or partial or complete
agenesis of the corpus callosum and the absence
of a normal falx cerebri [45] (Fig. 8).

5.4 Convexity

ACs of the convexity have no relationship to a
subarachnoid cistern and are therefore distinct
from other ACs. As mentioned earlier, clinical
symptoms depend on the age of the patient and
the size of the cyst. Thus, focal thinning and scal-
loping of the bone, asymmetric macrocrania, and
sutural diastasis may occur in infants. Sometimes,
giant convexity ACs can be asymptomatic in the
first years of life and then show symptoms such
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as headache, neurologic deficits, and seizures,
and these symptoms can also be observed in
adults [46]. Subdural hygroma may be among the
differential diagnoses, which is usually symp-
tomatic and has a history of head injury.

Radiological studies may reveal local thin-
ning/bulging of the overlying bone. On MRI, an
extraaxial, CSF-like, fluid-filled mass can be
seen that is hypointense on TI1-weighted
sequences and hyperintense on T2-weighted
sequences, with varying degrees of compression
of the underlying brain (Fig. 6).

5.5 Quadrigeminal Plate

The quadrigeminal plate is located between
supratentorial ~ and  infratentorial  spaces.
Quadrigeminal cistern ACs present with different
symptoms because adjacent structures such as
the cisterna ambiens, superior cerebellum, inter-
hemispheric fissure, posterior part of the third
ventricle, mesencephalon, and the vein of Galen
can be affected. Therefore, the clinical presenta-
tion may vary. Possible obstruction of the Sylvius
aqueduct and resulting hydrocephalus may cause
symptoms of increased ICP. Compression of the
colliculus can lead to parinaud syndrome, with
upward gaze paralysis and pupillary dysfunction,
nystagmus, and hearing impairment. Compression
of the brain stem can lead to paralysis of the
trochlear nerve, respiratory failure, and limb
weakness. Pineal gland suppression leads to pre-
mature puberty. Gait ataxia due to cerebellar
compression and seizures due to temporal lobe
compression are other symptoms. Like suprasel-
lar ACs, quadrigeminal plate ACs are found
mainly in children and rarely in adolescents and
adults, probably because of the occurrence of
hydrocephalus during their early natural develop-
ment [28] (Fig. 9).

5.6 Intraventricular Region

Intraventricular ACs are very rare and appear to
arise from ectopic remnants of the arachnoid or
invagination of the arachnoid into the choroid or

from the arachnoid layer in the choroidal fissure
[49]. With the aid of high-resolution MRI, which
provides a reliable differential diagnosis, intra-
ventricular ACs are being identified with increas-
ing frequency, especially in infants. Indeed, most
intraventricular cystic lesions such as choroid
plexus, ependymal tumor, or inflammatory cysts
resemble ACs. Distortion and enlargement of the
ventricles can be observed, and these ACs become
symptomatic as soon as hydrocephalus occurs
(Figs. 4 and 11).

5.7 Infratentorial Region

Infratentorial ACs account for 10% of all ACs. In
the pediatric population, infratentorial ACs are
more common than in adults. The retrocerebellar
region or the CPA are affected. Retrocerebellar
ACs must be distinguished from other cystic mal-
formations of the posterior fossa, such as Dandy-
Walker malformation or mega cisterna magna.
The foramen of Magendie is present in ACs, but
in Dandy-Walker malformation, the foramen of
Magendie is not seen, and concomitant vermin
hypoplasia or aplasia may be observed.
Obstruction of the foramen of Magendie and
enlargement of the fourth ventricle and rotation
or upward displacement of the cerebellar vermis
may be observed in Dandy-Walker malforma-
tion. In mega cisterna magna, cystic enlargement
of the subarachnoid space, connected to the
fourth ventricle by the foramen of Magendie, is
observed [30, 63, 87] (Figs. 3, 7 and 12).

6 Differential Diagnosis

The cisterna magna is the largest subarachnoid
cistern, located posteroinferior to the cerebellum,
dorsal to the brain stem, and superior to the fora-
men magnum [77]. On sagittal plane imaging,
the distance between the dorsal surface of the
vermis and the internal table of the occipital bone
in the posterior fossa is greater than 10 mm,
called the mega cisterna magna (MCM). It is
accepted as an asymptomatic normal variant in
which the posterior fossa is slightly enlarged on
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imaging [54]. Because the foramen of Luschka
and Magendie are open, they are in direct contact
with the subarachnoid space. Therefore, CSF
obstruction or hydrocephalus does not occur.
Typically, the development of the cerebellar
hemispheres and cerebellar vermis is normal, and
atrophy is not expected in these locations.
However, in large MCM, it may be difficult to
distinguish from a retrocerebellar AC if there is a
mild compressive effect on the cerebellar hemi-
spheres and vermis. Free falx cerebelli and poste-
rior dural folds are present in about half of MCM
cases, and this finding is helpful in distinguishing
them from retrocerebellar ACs.

In retrocerebellar ACs, the posterior fossa is
usually normal in size, but scalloping may be
seen in the internal table of the adjacent occipital
bone. Although scalloping is a finding classically
suggestive of a retrocerebellar AC, it can some-
times be seen in MCM cases. Hydrocephalus
does not occur in the vast majority of retrocere-
bellar ACs and may cause a very mild, asymp-
tomatic mass effect on the cerebellar hemispheres.
However, when they become large, they can
cause a mass effect on the cerebellum, resulting
in compression of the fourth ventricle and
obstruction of CSF flow [43] (Figs. 3 and 12).

This finding plays an important role in distin-
guishing it from MCM. Retrocerebellar ACs are
separated from the subarachnoid space by a
membrane, and this membrane can occasionally
be visualized by thin section, gradient echo T2WI
technique, or by cisternography. Because it is
associated with the subarachnoid space in MCM,
bright and black signals reflecting normal CSF
flow are seen in the phase images of the CSF flow
study, depending on the systole and diastole of
the cardiac cycle. However, retrocerebellar ACs,
which are separated from the subarachnoid space
by a thin membrane, are often not expected to
show a signal change reflecting CSF flow in the
phase images. However, some retrocerebellar
ACs are associated with CSF, and in such cases,
cisternography is not helpful in distinguishing
them from MCM. Therefore, the mass effect on
the cerebellum and hydrocephalus seen in retro-

cerebellar ACs may be considered more useful
findings in distinguishing MCM from retrocere-
bellar ACs.

Both ACs and epidermoid cysts can have the
same appearance on TI1- and T2-weighted
images, but epidermoid cysts have a heteroge-
neous signal, and the ACs do not [16, 58]. After
head trauma, subdural hygromas may occur as a
result of chronic leakage of CSF from the dam-
aged meninges. They usually contain blood
products that alter the fluid signal on T1-weighted
and FLAIR sequences, so they typically do not
follow CSF signal intensity on MRI. In contrast-
enhanced sequences, they may have a peripher-
ally enhanced membrane. Leptomeningeal cysts
are also usually posttraumatic, and they are found
near posttraumatic encephalomalacia and skull
fractures. Cystic tumors include pilocytic astro-
cytomas and hemangioblastomas. They have
brightly enhancing mural nodules and may have
calcifications. Hemangioblastomas are associ-
ated with von Hippel Lindau disease. On CT,
neurenteric cysts are slightly denser than CSF
and do not show contrast enhancement. On MRI,
they are isointense to hyperintense compared
with CSF on T1-weighted images and hyperin-
tense compared with CSF on T2-weighted
images. On FLAIR sequences, the fluid content
does not suppress. Neuroenteric cysts show facil-
itated diffusion on DWI/ADC imaging.
Neuroglial cysts are located along the neuroaxis
and are intraaxial cysts, whereas ACs are usually
extraaxial. Porencephalic cysts communicate
with the lateral ventricles, and gliosis is seen in
the surrounding tissue. Ependymal cysts are
located in the periventricular area. Choroidal fis-
sure cysts are located in the choroidal fissure in
the medial temporal lobe, where they are particu-
larly common. Cerebral hydatid cysts are usually
spherical and cannot be distinguished from ACs.
Neurocysticercosis are usually small and may
enhance peripherally [30, 58, 59, 61, 87].

For more information on differential diagnosis
of intracranial ACs, please refer to chapter
“Differential Diagnosis of Intracranial Arachnoid
Cysts”.
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7 Conclusion

ACs are benign intracranial cystic lesions, usually
extraaxial, that are usually diagnosed incidentally
during imaging procedures because they are usu-
ally asymptomatic [11, 41, 81]. They comprise 1%
of all intracranial masses. With the widespread use
of prenatal and cross-sectional imaging modali-
ties, many ACs are discovered at a young age.
Males are twice more likely to be affected com-
pared to females. Symptoms of an AC depend on
its size and/or location. When adjacent neuronal
structures are affected, symptoms become more
prominent. ACs are prone to rupture and hemor-
rhage after mild intracranial trauma, and compli-
cations such as rupture or hemorrhage require
immediate treatment. ACs are usually stable in
size, but they rarely regress or enlarge during fol-
low-up. As a result of CSF flow obstruction or cyst
enlargement, there may be an increase in intracra-
nial pressure, resulting in headache, dizziness, and
tinnitus [4, 85]. MRI is the gold standard and fur-
ther imaging tool for ACs and distinguishes them
from other intracranial cystic lesions [24, 30, 87].
Cisternography is performed for determining sur-
gical indications [26, 88]. If there is a doubt about
complication presence, CT is the best faster,
cheaper tool for evoluation [30, 87].
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