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v

Very few nosographic entities have attracted the attention of pediatric and 
adult neurosurgeons like arachnoid cysts (ACs). There are several reasons 
for such an interest, namely the heterogeneous nature of these lesions due to 
their different locations, their variable impact on the neurocognitive devel-
opment, the possible association with disturbances of the cerebrospinal fluid 
(CSF) dynamics, the induced endocrinological alterations, and seizure 
disorders.

The treatment of an AC can be challenging. Indeed, a conservative man-
agement can be adopted in some specific cases; in others the surgical indica-
tion depends not only on the mere presence of the malformation but also on 
the age of the patient at the time of its diagnosis. A typical example is pro-
vided by the quite common temporal ACs that interfere with the cerebral 
development in early life, thus requiring a prompt surgical excision if recog-
nized. However, these cysts often reach a stable spatial equilibrium with the 
brain and tend to remain unchanged after childhood and adolescence. 
Consequently, in the case of accidental late recognition a wait-and-see policy 
should be taken into account. A similar consideration could be made for 
asymptomatic and accidentally discovered interhemispheric ACs diagnosed 
at a late age. On the other hand, the surgical indications cannot be ignored in 
cases of chiasmatic region or posterior cranial fossa ACs because of their 
obvious role in causing severe endocrinological and CSF dynamics 
disturbances.

A further limitation on the correct surgical indications can be in some 
cases due to the difficulty in the interpretation of the clinical manifestations 
attributed to the presence of the cyst. Once more, this limit concerns the tem-
poral ACs when associated with seizure disorders. Often, the epilepsy does 
not resolve even after the complete surgical excision of the lesion, thereby 
demonstrating that the cyst was not the cause of the seizures but rather a 
manifestation of an underlying developmental malformative process of the 
temporal lobe. Also, those cases of surprising re-bleeding of ACs operated on 
because of intracystic hemorrhage can be interpreted on the grounds of the 
abovementioned consideration.

For several years the debate on the most appropriate surgical modality has 
been centered on the choice between the craniotomic direct approach for the 
surgical excision of the lining membranes or for the diversion of the cyst fluid 
content into the ventricular system and subarachnoid spaces or an indirect 
approach, in most cases a cysto-peritoneal shunt. The advent of endoscopy 
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has deeply modified the surgical management of ACs providing a further and 
effective management tool that is apt to reduce the surgical risk for several 
patients.

On the grounds of these considerations and the still ongoing discussion of 
the more appropriate management of ACs, the editors should be congratu-
lated for the timely chosen subject, still open to research, of their well- 
organized book as well as for the numerous and widely respected coauthors 
that they were able to gather.

I wish them and the book the deserved success.

Pediatric Neurosurgery Concezio Di Rocco
International Neuroscience Institute 
Hannover, Germany
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Part I

General Information About  
Arachnoid Cysts

 Editor’s Summary

In this “Part I: General Information About Arachnoid Cysts,” there are a total 
of six chapters describing the general aspects of the arachnoid cysts (ACs), 
noncancerous collections of cerebrospinal fluid (CSF) localized by the 
arachnoid membranes of the brain or spinal cord. Even today, unlike many 
other space-occupying lesions, they are usually asymptomatic and their 
management can be challenging for neurologists, neuroradiologists, and 
neurosurgeons due to the heterogeneous nature of these lesions. The first of 
the chapters in this section compiles the historical and etymological aspects 
of ACs in light of the current literature. In the second chapter, the authors 
review both the gender distribution and lateralization of ACs, which can 
present in many different locations within the central nervous system. In the 
subsequent two chapters, the embryological and histological features of ACs 
that influence their cerebral development in early life, the authors illustrate 
this process with demonstrative histological figures and special drawings. 
Interestingly, these cysts usually reach a stable spatial equilibrium with the 
brain or spinal cord, and they tend to remain unchanged all throughout life. 
The fifth chapter addresses a variety of pathophysiological mechanisms for 
their formation and their possible association with disturbances of the CSF 
dynamics, such as fluid secretion and slit-valve mechanism. The last 
remaining chapter provides the biochemical findings of the AC fluid in detail 
for the readers of the book.
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History and Etymology 
of Arachnoid Cysts

Timothy Beutler

1  Introduction

The history of arachnoid cysts (ACs) is difficult 
to trace through the literature. The nomenclature 
has changed over time, and some of the earliest 
reports likely mixed in with different pathologies 
including resolving subdural hematoma and 
infections. Early descriptions of ACs associate 
the entity with a variety of conditions ranging 
from spontaneous and seemingly incidental to 
posthemorrhagic and inflammatory conditions.

The history of ACs begins in the early nine-
teenth century with postmortem autopsy studies. 
ACs in most of these patients were incidental 
findings and not related to the cause of death. In 
the early twentieth century, we begin to see the 
earliest operative reports of patients with symp-
tomatic ACs. By the mid-twentieth to late twenti-
eth century, new imaging technology led to the 
increased discovery of asymptomatic ACs and the 
emergence of modern management practices.

2  Early History

The early history of ACs is derived primarily 
from postmortem pathology studies which 
became more prevalent in the nineteenth century. 

Many of these studies were unfortunately per-
formed in asylum populations, so some of the 
literature has bias toward an association with 
mental illness. Additionally, early studies also 
tended to describe any cyst or collection located 
beneath the dura as an AC and most likely 
included additional pathologies such as resolving 
hemorrhages and infections.

One of earliest attempts to characterize the 
prevalence of ACs was completed by Crichton 
Brown in 1875 and estimated a 5% prevalence in 
his asylum population after reviewing over 1000 
autopsies [7]. However, this study likely overesti-
mated the true prevalence of the condition as 
some descriptions appeared to describe a variety 
of hemorrhagic, infectious, and inflammatory 
pathologies.

3  Serous Cysts 
in the Arachnoid

The earliest description of an AC is attributed to 
the English physician Richard Bright who prac-
ticed at Guy’s Hospital in London in the early 
nineteenth century. He utilized autopsies to 
understand a variety of diseases and published 
two large volumes of medical cases with accom-
panying illustrations in 1831 [6]. In the section 
on diseases of the brain and nervous system, he 
reports two cases of ACs that were discovered on 
autopsy and publishes what is considered the first 
two medical illustrations of the condition. The 
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first illustration shows what appears to be a large 
middle cranial fossa AC (Fig. 1), while the sec-
ond illustration shows two smaller ACs located 
over the convexity (Fig. 2).

Bright observed that the cysts were apparently 
asymptomatic and discovered incidentally at 
autopsy. They are described as being located 
between the layers of the arachnoid or attached to 
the arachnoid by thin adventitious membranes. 
Their sizes varied from the “size of a pea to that 
of a large orange” [6]. Notably, he postulated that 
the condition was likely chronic and observed 

that the “bone of the skull is molded to their 
form” [6].

As early as the 1860s, it was recognized that 
cysts in the arachnoid space were not uncommon 
[25]. At that point, there were two prevailing the-
ories regarding their pathophysiology that lead to 
occasionally confusing nomenclature in the early 
literature. The first theory was that they were a 
result of an accumulation of lymph that occurs 
secondary to arachnoiditis. The second theory 
was that they are the result of chronic changes 
from previous hemorrhage.

Fig. 1 Large middle cranial fossa cyst. (Depicted by 
Richard Bright in “Reports of Medical Cases, Selected 
with a View of Illustrating the Symptoms and Cure of 
Diseases by a Reference to Morbid Anatomy.” Volume II 

“Diseases of the Brain and Nervous System: Part I”: 
Fig. 1 on plate II and corresponding legend description. 
Originally published in 1831)

T. Beutler
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Fig. 2 Small AC and corresponding portion of the skull. 
(Depicted by Richard Bright in “Reports of Medical 
Cases, Selected with a View of Illustrating the Symptoms 
and Cure of Diseases by a Reference to Morbid Anatomy.” 

Volume II “Diseases of the Brain and Nervous System: 
Part II”: Figs.  4 and 5 on plate XXI and corresponding 
legend description. Originally published in 1831)

4  Organization of Lymph

The organization of lymph is perhaps the earliest 
theory regarding the pathophysiology of ACs. It 
is unclear from where the lymph theory origi-
nated; however, in an 1865 paper by Samuel 
Wilks entitled “Cyst in the Cavity of the 
Arachnoid,” he described an AC specimen in 
Guy’s Hospital that Thomas Hodgkin attributed 
to the organization of lymph [25].

Arachnoiditis was thought to lead to a sponta-
neous accumulation of lymph between the layers 
of the arachnoid leading to the formation of ACs. 
However, this theory was supplanted by the belief 
that ACs were formed as a result of an effusion of 
blood. While ACs were found in patients with no 
history of either trauma or infection, apoplexy 
had been commonly observed, whereas sponta-
neous arachnoiditis had not been seen. Even 
French physician Achille-Louis Foville, while 
classifying ACs under his “Meningite parietale,” 

admitted that “their inflammatory nature” [was] 
not sufficiently well established [25].

5  Extravasation of Blood into 
the Cavity of the Arachnoid

In 1845, Prescott Hewett attempted to outline the 
pathophysiology of ACs in a paper entitled 
“Extravasations of Blood into the Cavity of the 
Arachnoid” [13]. He described four divisions of 
hemorrhage in the subarachnoid space ranging 
from simple to complex collections.

At first glance, to a modern reader, the work of 
Hewett appears to be unrelated to ACs and seems 
to better describe the pathophysiology that we 
commonly encounter with resolving intraparen-
chymal and subdural hemorrhages. However, 
careful examination of the manuscript reveals 
references to AC case descriptions provided by 
Hodgkin and Bright from Guy’s Hospital [13].

History and Etymology of Arachnoid Cysts



6

Hewett describes the pathology of ACs in the 
following excerpt:

Thus organized, these cysts possess all the physio-
logical characters of an original serous membrane; 
they secrete, they absorb; they have been found filed 
with clots of fibrine and blood-tinged serum; some-
times they contain serum alone, of various colours, 
and often times, in the cavity of the same cyst, are 
found coagula of blood of various hues, some 
recently effused, and others of long standing [13].

By 1865, Samuel Wilks wrote that the work of 
Hewett was generally accepted as the correct 
explanation for the origin of ACs. He further 
describes the end result of the cyst after all the 
blood had been reabsorbed:

The interior of the cyst, if it be old, has generally lost 
all traces of blood, and contains merely shreds of 
fibrous material of the same structure as the walls, 
together with a limpid fluid and cholesterine [25].

6  Chronic and Asymptomatic

Even from the earliest descriptions by Richard 
Bright in 1831, there was the belief that ACs were 
generally chronic and asymptomatic entities. The 
earliest cysts were discovered incidentally on 
autopsy studies, and so they were associated with 
a benign and indolent course. During the early 
pre-surgical era, even large supratentorial ACs 
were discovered. One case report from 1879 by 
D.J. Cunningham described discovering a cystic 
cavitation in the right parietal lobe “large enough 
to hold a hen’s egg” in a patient who passed away 
from diabetes [9]. What was remarkable at the 
time was that the cyst extended posteriorly to the 
Rolandic fissure and the patient was not known to 
have any weakness (Fig. 3). Observations such as 
this one reinforced the belief that ACs were 
asymptomatic and chronic entities. However, our 
understanding of the etiology of ACs changed 
again in the early twentieth century with the emer-
gence of neurosurgery as a surgically discipline.

7  Early Surgical Experience

In the early twentieth century, due largely in part 
to advancements in anesthesia and the localiza-
tion of neurologic disease, case reports of suc-
cessful surgery for symptomatic ACs begins to 
emerge in the literature. X-rays were only 
invented by Wilhelm Rontgen in 1895, so local-
ization of symptoms based on a detailed neuro-
logic exam was paramount for the successful 
surgical treatment of a patient with neurologic 
disease.

8  Spinal Arachnoid Cysts

Some of the earliest reports of successful sur-
gery for ACs were for spinal ACs [5, 21, 23]. 
The earliest American report of a spinal AC was 
written by Spiller, Musser, and Martin in 1903 
[23]. They presented a case of a lumbar AC in a 
young woman who presented with progressive 
left leg pain, weakness, and paresthesias. They 
describe treatment with an L2–L4 laminectomy 

P.P.P.O.

Profile of right hemisphere to show position of cyst
(reduced to a little more than half size). SF, Sylvian
fissure; R, Fissure of Rolando; PO, Parieto-occipital
fissure; PF, Parallel fissure; AF, Ascending frontal
convolution; PP, Postero-parietal convolution;
AP, Ascending parietal convolution. 

P.F. S.F.

A.F.

A.P.
R.

Fig. 3 Large right middle fossa AC. (Depicted by 
D.J. Cunningham in “A large sub-arachnoid cyst involv-
ing the greater part of the parietal lobe of the brain.” 
Journal of anatomy and physiology originally published 
in 1879)

T. Beutler



7

and report encountering a cyst measuring 
approximately an inch and a half in length after 
opening the dura. The walls of the cyst were 
described as of a “flimsy consistency” and filled 
with clear fluid which they reported was under 
“unusual intradural pressure” [23]. After sur-
gery, they reported the gradual improvement in 
the patient’s preoperative symptoms with near 
complete recovery after 6 years. Their descrip-
tion is unique from many other craniospinal 
cysts described during this era which were sec-
ondary to parasitic infections from cysticercus 
and echinococcus.

By 1915, there were at least six spinal ACs 
that had been described in the surgical literature 
[21]. These cysts ranged in location throughout 
the cervical, thoracic, and lumbar spine. 
Diagnostic tools were limited at this time, and 
much emphasis was placed on thoroughly docu-
menting a neurologic exam for localization of 
spinal symptoms. Rachiocentesis was also rec-
ommended as part of the workup and sometime 
completed at levels above and below where the 
suspected lesion was located. Outcomes for 
these early patients were often reported as good 
as long as the surgery was completed early in 
course of the patient’s symptoms. Those who 
presented with severe symptoms such as para-
plegia did not have outcomes as good as those 
who presented with only pain and sensory 
changes.

In a review of the first six cases of spinal ACs, 
Skoog describes all the cases having been found 
in women aged 17 to 50 years [21]. Histological 
reports are limited from the early literature as the 
thin walls of the cysts were difficult to preserve 
during surgery. Trauma and infectious etiologies 
were still thought to be the most likely provoca-
tive factors contributing to cyst formation. Skoog 
writes regarding their pathogenesis:

I believe that there may be several provocative 
agents in the different cases and that from one of 
the irritating factors there are formed adhesions 
with the endothelial cells and fibers of the arach-
noid. This is followed by an exudate or secretion 
from the delicate endothelial cells lining the fibrils 
or covering the interior of the cyst. Thus there is a 
very slow accumulation of fluid followed by the 
gradual development of the cord compression [21].

9  Posterior Fossa Cysts

In 1893, William Krause presented a case of a 
36-year-old man with worsening posterior head-
aches, nausea, vomiting, vertigo, and an unsteady 
gait [16]. While the patient’s symptoms were cor-
rectly localized to the cerebellum, he unfortunately 
passed away before any treatment. Upon autopsy, 
a large cystic cavity was found in the right cerebel-
lum filled with an amber-colored fluid. While this 
cyst was likely not a primary AC, Krause wrote his 
article to show that the constellation of symptoms 
for posterior fossa lesions was specific and distinct 
enough to support surgical intervention.

By the 1930s, a series of cases had been 
described by multiple surgeons of ACs in the pos-
terior fossa [3, 10, 14]. At this time, theories of 
infection and hemorrhage still remained common 
despite little evidence to support either consider-
ation. Most of the cysts in the posterior fossa 
were reported either in a midline location or in 
the cerebellopontine angle (CPA). Posterior fossa 
cysts would often present with findings consis-
tent with elevated intracranial pressure and 
obstructive hydrocephalus. Those cysts in the 
CPA were often associated with inflammation 
and otitis media. Many of the midline cerebellar 
cysts, including some of Cushing’s cases 
described by Horrax, appear more consistent 
with arachnoiditis or dilation of the cisterna 
magna than with well-circumscribed cysts [14].

10  Primary Arachnoid Cysts

While ACs were described in earlier literature, 
there was little distinction between what a mod-
ern reader would recognize as an AC and any 
other kind of cystic pathology. The early litera-
ture was often limited to gross anatomic descrip-
tions of lesions, and histologic reports of the 
lesions are more difficult to find because the 
walls of many cysts were thin and difficult to pre-
serve. The histologic descriptions that were avail-
able varied greatly with some reporting structures 
similar to normal arachnoid, some reporting 
resolving hemorrhage, and others describing 
nonspecific inflammatory changes.

History and Etymology of Arachnoid Cysts
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Throughout the first half of the twentieth cen-
tury, diagnostic imaging techniques continued to 
advance. As a result, preoperative workup pro-
gressed to include a number of techniques includ-
ing cerebral angiography, air encephalography, 
and electroencephalography [20].

For example, in the case of large middle cra-
nial fossa cyst, plain X-rays may show thinning 
and expansion of the temporal squama and sur-
rounding frontal and parietal bone enlarging the 
middle cranial fossa and elevating the lesser wing 
of the sphenoid. Cerebral angiography may show 
displacement of the arteries on the ipsilateral side 
with the middle cerebral arteries being shifted 
upward and medially and the anterior cerebral 
artery shifted contralaterally. Air encephalogra-
phy could show some contralateral shift of the 
lateral ventricles as well as a truncated or dor-
sally displaced ipsilateral temporal horn. 
Electroencephalogram may be unremarkable or 
show some generalized slowing in the region of 
the cyst.

Advancements in imaging as well as greater 
attention to the histology of ACs ultimately led to 
the development of one of the earliest classifica-
tions of ACs.

In a case reported by Leslie Oliver in 1958, he 
described a 21-year-old man who presented with 
worsening headaches, vomiting, and diplopia 
10 weeks after sustaining a traumatic sports injury 
to the chest [19]. On physical exam, he experi-
enced diplopia when looking to the right and was 
noted to have left upper facial weakness. 
Fundoscopic exam revealed bilateral papilledema, 
and the lumbar puncture showed an opening pres-
sure of 30 cm of H2O. Ventriculography showed 
that the ventricles were displaced to the left. The 
patient underwent a right-sided craniotomy, and a 
large AC was discovered filled with yellow fluid. 
The cyst separated the Sylvian fissure and 
extended well into the anterior and middle fossa.

Histologic examination of the cyst wall showed 
“arachnoid membrane thickened by fibrosis, and 
showing (a) considerable recent focal haemor-
rhage, and (b) areas of greatly increased vas-
cularity associated with chronic inflammatory 
infiltration and considerable numbers of macro-
phages containing iron pigment” [19].

Because of the patient’s recent trauma and his-
tologic description, the etiology of the cyst was 
originally attributed to trauma. However, air 
encephalography completed 8  weeks after sur-
gery revealed a persistent empty space in the area 
formerly occupied by the cyst, which raised the 
question of whether the cyst had been present for 
much longer.

Oliver’s discussion of the AC is significant 
because he proposed classifying ACs as either 
primary or secondary. Primary ACs were defined 
as congenital lesions that were formed by the 
absence rather than displacement of nervous tis-
sue, whereas secondary ACs were those lesions 
that formed due to injury, inflammation, or 
tumors.

The same year that Oliver’s paper was pub-
lished, an autopsy series of four cases of ACs was 
published by Starkman, Brown, and Linell [22]. 
In this report, they described how these idiopathic 
cysts differed in their anatomic relationships 
from those cysts that are associated with inflam-
mation and other secondary causes. They con-
cluded that idiopathic or primary ACs likely 
result from a focal derangement in the normal 
development of the leptomeninges.

11  Temporal Lobe Agenesis

Congenital and developmental theories concern-
ing AC formation varied in the lateral half of the 
twentieth century. While Starkman, Brown, and 
Linell thought these cysts formed due to aberrant 
development of the leptomeninges, others such 
as Robinson thought that cyst formation was due 
to a defect in brain formation. Robinson referred 
to this process as temporal lobe agenesis [20].

Patients with temporal lobe agenesis usually 
presented at a young age with local bulging of the 
skull with underlying large intracranial collec-
tions of fluid. These lesions were described as 
“bluish transparent cyst[s]” containing clear fluid 
[20]. They often were so large that upon opening 
the outer cyst wall, the tentorium, optic nerve, and 
carotid artery were visible without any retraction 
of the brain. In a literature review by Robinson, he 
found that these lesions were often described as 

T. Beutler



9

subdural hygromas by previous authors and 
thought to be secondary to minor head injuries 
[20]. The problem with the trauma theory was that 
the brain tissue often appeared normal without 
displacement or compression. Robinson’s impres-
sion of these cases was that the temporal pole was 
congenitally absent and called this developmental 
abnormality temporal lobe agenesis.

The theory of temporal lobe agenesis framed 
the pathophysiology of ACs as an underdevelop-
ment of the temporal lobe as opposed to an 
abnormal development of the leptomeninges. 
Because many of these patients presented only 
with misshaped heads and nonspecific head-
aches, this theory ultimately contributed to 
decreasing the rates of surgery for the condition 
because there was no role for decompressive sur-
gery if there was no compression of the brain. 
However, opponents to this theory argued that it 
could not easily account for the expansion of the 
skull. Other variants of agenesis of the brain were 
typically associated with a corresponding lack of 
skull development. Temporal lobe agenesis also 
could not easily explain the elevated intracranial 
pressure that was associated with some ACs. 
Today, the primary agenesis hypothesis has been 
largely abandoned, in favor of more widely 
accepted congenital leptomeningeal develop-
mental theories.

12  Arachnoid Cysts in the Age 
of Modern Imaging

The 1970s revolutionized the treatment of neuro-
logic conditions. In 1971, Hounsfield obtained 
the first images of the brain with a computed 
tomography (CT) scanner. Later in 1978, clinical 
teams at EMI laboratories lead by Ian Robert 
Young and Hugh Clow developed magnetic reso-
nance imaging (MRI) imaging. These new imag-
ing techniques allowed for the structure of the 
brain to be imaged for the first time. With the 
development and widespread adoption of these 
imaging  techniques, ACs could be identified and 
diagnosed much more easily.

Modern imaging techniques have allowed for 
the distinct diagnosis of primary ACs from a vari-

ety of other pathologies with which they had his-
torically been associated such as hemorrhages, 
hygromas, infection, tumors, and arachnoiditis.

Imaging also made it possible to start classify-
ing ACs beyond just describing their anatomic 
location. In 1982, Galassi published his classifi-
cation of middle cranial fossa ACs [12]. Middle 
cranial fossa ACs are thought to represent 
approximately half of all cranial ACs. Galassi 
classified these lesions into three types. Type I 
cysts were small, spindle-shaped lesions that 
were limited to the anterior portion of the middle 
cranial fossa, typically below the sphenoid ridge. 
These lesions were typically asymptomatic and 
did not require surgical intervention. Type II 
cysts extended superiorly to the Sylvian fissure 
and displaced the temporal lobe resulting in 
slowed flow of cerebrospinal fluid (CSF) in the 
subarachnoid space. Type III cysts filled the 
entire middle cranial fossa and often displaced 
not just the temporal lobe but also the frontal and 
parietal lobes. Type III cysts could present with 
midline shift and were associated with impaired 
CSF flow.

Modern imaging techniques and access to 
imaging led to easier diagnosis and the re- 
emergence of incidental asymptomatic ACs. 
Similar to the early literature, where postmortem 
studies first identified ACs, CT and MRI led to 
the discovery of a wide variety of small asymp-
tomatic ACs located throughout the neuroaxis. 
Modern retrospective reviews of imaging have 
estimated the prevalence of ACs being found on 
brain imaging as 1.4% in adults and 2.6% in chil-
dren [1, 2]. While this is a lower prevalence than 
reported in older autopsy studies, it likely repre-
sents a more homogenous group of pathologies.

13  Modern Presentation, 
Management, 
and Pathogenesis

Today, ACs are found throughout the brain and 
spine. They can still be classified as primary cysts 
which form due to congenital splitting of the 
arachnoid or as secondary cysts which form as a 
result of trauma, surgery, infection, hemorrhage, 
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or inflammation [11]. Due to prevalence and 
availability of imaging, over 90% of ACs that are 
discovered are asymptomatic and do not require 
any surgery [15].

ACs that are symptomatic can present with 
diverse symptoms depending on their size and 
anatomic location. Cranial lesions have been 
described presenting with obstructive hydroceph-
alus, headaches, elevated intracranial pressure, 
endocrinopathies from compression of the 
hypothalamic- pituitary axis, seizures, remodel-
ing/deformity of the temporal bone and/or orbit, 
as well as cranial nerve and brain stem symptoms 
such as tinnitus, hearing loss, facial palsy, nystag-
mus, and vertigo. Some middle fossa ACs have 
also have been associated with acute and/or 
recurrent subdural hematomas and may present 
with focal neurologic weakness. Spinal ACs may 
be associated with pain or progressive neurologic 
symptoms such as weakness or paresthesias.

Treatment is typically recommended for 
symptomatic ACs. Although, on occasion, it may 
be difficult to determine if patients are symptom-
atic from their AC, there are three primary treat-
ment options that are available: open 
microsurgical cyst resection and fenestration, 
endoscopic cyst fenestration, and cyst shunting. 
The optimal choice of treatment depends on a 
patient’s symptoms and the location of the cyst. 
Subsequent chapters of this book will explore the 
various presentations of ACs as well as their 
treatment options in more details.

Modern pathogenesis of ACs remains quite 
similar to many of the early prevailing theories. 
Most common explanations given for ACs involve 
congenital, traumatic, and infectious/inflamma-
tory etiologies. Given the diverse pathology of 
ACs in the nervous system, there are likely mul-
tiple pathways through which they can form. In 

large part due to modern imaging, we now have 
documented reports in the literature of ACs form-
ing after traumatic injuries, infections, and inflam-
matory conditions as well as by spontaneous 
formation during early childhood development 
without any obvious inciting events [8, 24].

There is much that is still not understood of 
about the development of ACs. While there have 
been some studies that have linked different 
genetic polymorphisms to the development of 
both cranial and spinal ACs, more research is 
needed to understand how these lesions develop 
[4, 17, 18].

14  Conclusion

ACs represent a diverse pathology of lesions that 
can be found throughout the central nervous sys-
tem. Throughout the years, a variety of pathophys-
iologic mechanisms have been associated with 
these lesions including congenital, developmental, 
traumatic, infectious, and inflammatory etiolo-
gies. Most of these theories have been present in 
some form or another since shortly after ACs were 
first described in the early nineteenth century.

The history of ACs can be divided into three 
primary eras: pre-surgical history, early surgical 
history, and the modern era (Fig. 4). While some 
of the nomenclature and terminology may have 
changed, many early observations of ACs still 
hold true. ACs can vary greatly in size and loca-
tion. Most ACs are incidental findings and do not 
require any intervention. Decompression of 
symptomatic lesions can provide symptomatic 
relief. Future study into the imaging characteris-
tics, pathology, and genetic expression of these 
lesions may help us understand more about their 
diverse pathology.
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1845: Hewett published
“Extravasation of Blood
into the Cavity of the
Arachnoid”

1895: Rontgen
discovers x-rays

1924: Cushing’s
series of midline
cerebellar cysts
reported by
Horrax

1958: Oliver
proposes
primary
vs secondary
arachnoid cysts

1982: Galassi
classification
published

1971:
Hounsfield
develops CT
imaging

1903: Spiller, Musser and
Martin publish first case
report of a spinal
arachnoid cyst

1831: Bright
published
‘Serous Cysts in
the Arachnoid

1978: MRI
developed

Modern Era
(CT and MRI)

Early Surgical History
(Case reports and small case series)

History of Arachnoid Cysts

Pre-Surgical History
(Autopsy studies)

Fig. 4 History of ACs. Three distinct eras of literature 
can be found. Pre-surgical history primarily consists of 
autopsy studies of asymptomatic patients. Early surgical 
history consists of small case series of symptomatic 

patients. The emergence of computed tomography and 
magnetic resonance imaging marks the beginning of the 
modern era of management and classification of ACs
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Gender Distribution 
and Lateralization of Arachnoid 
Cysts

Robert Shumkovski , Ivica Kocevski, 
and Mikjun Mikjunovikj

1  Introduction

Cerebrospinal fluid (CSF) is a transparent serous 
liquid/fluid that provides essential mechanical 
hydrostatic and hydrodynamic medium for the 
central nervous system. Produced by the intra-
ventricular choroid plexus, infilles the ventricular 
system, flows from the lateral ventricles, through 
Monroe foramina into the third ventricle, con-
tinues through the aqueduct towards the fourth 
ventricle and fluxes through the aperture medi-
ana Magendy and lateral foramina Lushka, into 
the subarachnoid compartment spreaded on the 
skullbase, convexity of the brain and cerebel-
lum and spinal canal, finalyresorpted in para-
sagitalPaccioni granules/bodies. The CSF fluxes 
through naturally creating a space formatted in 
subarachnoid cisterns and canals, comprising 
the subarachnoid compartment. Evolutionarily, 
it is created by the mesenchymal arach-
noid—leptomeninga, carring the blood vesels. 
Physiologically, no nutritive, but hydrostatic, 
mechanical, gravity balancing role of CSF is 
defined.

On that pathway, from the origin up to resorp-
tion, the CSF circulates through the subarachnoid 
compartment, driven by the capillarity and flow 
pressure gradient and provided by the pulsatile 
brain activity, providing medium for the blood 
vessels and neurologic elements, without direct/
intimate encounter with the neurons of the brain, 
cerebellum, brain stem, and medulla. The separa-
tion/distinction is provided by the visceral arach-
noid and pia mater, most deep intimate to the 
cortex leptomeninga.

By numerous, diverse influences, and etiologi-
cal factors, as genetics, idiopathic, mechanical/
physical, biological infectious, and chemical 
noxes, the normal CSF flux can be disturbed and 
compromised. This story is to depict the abnor-
mal arachnoid collection defined as arachnoid 
cyst (ACs). The supreme delicate system of the 
subarachnoid compartment and CSF flux can be 
interrupted most frequently by mechanical 
means, aggravating, obstructing, and compromis-
ing the flux and finally accumulating similar to 
CSF, creating the morphologic issue, i.e., AC. The 
basic content is similar but not the same with 
CSF. Most likely, it is CSF plus protein, peptide, 
crystalloids, micro-blood pigment residua, or 
detritus of arachnoid desquamation. Mostly, they 
are occasional/incidental findings in the skull and 
spinal canal during neuroimaging studies. Thus, 
they can be primary, congenital idiopathic, or 
secondary provoked by trauma, i.e., mechanical 
rupture of the arachnoid, infection, and vascular 
and oncologic lesion, as well as a result of sur-
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gery, provoking stasis and accumulation of the 
CSF synergically with the pulsatile brain activity, 
locally creating valve mechanism obstruction, 
leading to the accumulation of the CSF-like con-
tent, defined as AC.

The natural evolution of the ACs as benign 
lesion is still not clear, with variety of dimension, 
location, distribution and variable degree of com-
munication with the subarachnoid compartment.

Clinically, they can present with local com-
pressive phenomenon, focal neurologic deficit, or 
more often symptoms of generally increased 
intracranial pressure (headache, nausea and vom-
iting, dizziness) or clinical signs of suboptimal 
cerebral function, i.e., epilepsy, mental distur-
bances, psychiatric disorders, dementia, impaired 
cognition, etc.

With the evolution of the diagnostic technolo-
gies, e.g.,  magnetic resonance imaging (MRI), 
certainly, the evidence- based knowledge con-
cerning the predilection of AC location, side, and 
sex distribution emerged more unveiled and clear.

Definitely, the recent static and dynamic diag-
nostic high-technology procedures are essential 
tool for diagnosis, estimation, and evaluation of 
the ACs.

Furthermore, accurate analysis of the patient 
series, based on “double individual concept” 
comprising of the factors of the patient and factor 
of the therapist, has the mission of the most 
important conclusive prediction of the natural 
evolution, with or without active neurosurgical 
treatment of this phenomenon.

The basic neurosurgical questions—“what, 
when, and how”—should be answered by a high 
pool of accumulated direct and collateral system-
atized information comprising knowledge for the 
ACs.

Certainly, the statistical analysis of the gender 
distribution, location, and lateralization of the 
ACs should contribute to their surgical or not sur-
gical solution, accomplishing the patient’s well- 
being as our duty, which requires all of our 
commitment without distraction.

ACs represent fluid-filled duplications of the 
arachnoid membrane with a content which is 
similar but not equal to the CSF [45]. Another 

definition states that the ACs are loculated cavi-
ties within the arachnoid mater without discrimi-
nation of the wall or cyst content, meaning that 
the wall is composed by arachnoid cells con-
nected with a normal arachnoid membrane [12, 
14]. They do not communicate with the ventricles 
or subarachnoid space and may be unloculated or 
may have septations.

On the basis of their origin, the ACs can be pri-
mary (also known as “true”) and secondary ACs. 
The primary ACs are considered to be congenital 
in nature, [4] nontumoral, extra-axial, intradural 
masses, characterized by a single layer of arach-
noid cells covered by a vascularized collagen 
membrane in continuity with the arachnoid [11], 
while the secondary or acquired ACs result from a 
primary traumatic, hemorrhagic, tumoral infection 
(meningitis) or iatrogenic event that causes a prev-
alent inflammatory process leading to a loculation 
of the subarachnoid space [29, 30, 31, 38, 46].

ACs usually occur as sporadic and single mal-
formations. However, the occurrence of bilateral 
or multiple ACs is not exceptional, especially in 
patients with metabolic disorders or syndromes 
[12, 28]. In particular, the occurrence of bilateral 
Sylvian ACs combined with macrocrania and 
cerebral palsy-like dystonia may suggest a condi-
tion known as glutaric aciduria type I (GAT1) 
[25, 26]. A recently identified gene located on the 
sixth chromosome (6q22.31-23.2), with an auto-
somal recessive pattern of inheritance, has been 
linked to the formation of congenital ACs. The 
gene was identified in a consanguineous family, 
and there did not appear to be a pattern in the 
location or size of the cysts [5]. Certain heredi-
tary syndromes, such as Marfan syndrome [21], 
neurofibromatosis [27, 41, 47], glutamic aciduria 
type I [19], autosomal dominant polycystic kid-
ney disease [3], and tuberous sclerosis [7], have 
demonstrated a higher incidence of ACs than the 
general population.

Population studies estimate that ACs make up 
approximately 1% of intracranial space- 
occupying lesions [9, 10, 36] and are found in 
approximately 1.7% of the adult population [1] 
but also represent the most common type of intra-
cranial cyst in the clinical practice [8].

R. Shumkovski et al.
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2  Lateralization 
and Frequency

There have been quite a few studies in the last 
two decades trying to estimate the prevalence of 
the ACs. Some large, hospital-based, and 
population- based studies have demonstrated a 
prevalence of ACs among the population of 
about 2%, varying from 0.23% to 2.6% [1, 2, 
15, 34, 39, 40]. Some autopsy studies demon-
strated a lower prevalence of ACs at 0.1% of 
individuals [37]. Two peaks in prevalence at 1 
and 5 years (3.8% and 4.6% of pediatric cases, 
respectively) have been reported [2, 29]. Males 
are affected twice than females (M/F ratio: 2/1) 
[28]. It is more frequently diagnosed in the pedi-
atric population where the prevalence of ACs is 
2.6% [2].

The true incidence of ACs in the population 
can hardly be known, due to the possible asymp-
tomatic course throughout life, which makes 
them hardly detectible, but also the different 
availability of radiodiagnostic tools in the differ-
ent countries, which likely account for the differ-
ent rates of their incidental recognition and the 
difficulty in obtaining specimens for the histo-
logical diagnosis, which may result in their 
underreporting [28].

3  Gender Distribution

A male predominance (2:1 males to females) is 
noted in both adults and children [1, 2, 29]. As 
described in a paper by Wester, ACs seemed to 
occur more frequently in males and on the left 
side. According to the author, this latter phenom-
enon could be explained by a greater significance 
attributed to symptoms from the dominant hemi-
sphere as a justification for invasive procedures 
in the pre-computed tomography (CT) era. Based 
on CT studies, it has been determent there is a 
significant tendency for these cysts to occur in 
males, with a male/female ratio of nearly 3:1. 
This preponderance toward males could not be 
explained by the somewhat higher frequency of 
associated subdural hematomas that was found in 
male patients. The survey also showed that mid-

dle fossa ACs occur or are detected significantly 
more frequently on the left side than on the right, 
with a ratio of 1.8:1 [42].

However, in one of the largest cohorts, 
Al-Holou et al. studied a total of 48,417 patients 
who underwent brain MRI. ACs were identified 
in 661 patients (1.4%). Men had a higher preva-
lence than women (p  <  0.0001). Multiple ACs 
occurred in 30 patients. The most common loca-
tions were middle fossa (34%), retrocerebellar 
(33%), and convexity (14%). Middle fossa cysts 
were predominantly left-sided (70%, p < 0.001). 
Thirty-five patients were considered symptom-
atic and 24 underwent surgical treatment. Sellar 
and suprasellar cysts were more likely to be con-
sidered symptomatic (p < 0.0001). Middle fossa 
cysts were less likely to be considered symptom-
atic (p = 0.01) [1].

In a study of pediatric ACs, Al-Holou et  al. 
reviewed a consecutive series of 11,738 patients 
who were 18 years of age or younger during an 
11-year period. In their study, 309 ACs (2.6% 
prevalence rate) were identified with an increased 
prevalence of ACs in males (p < 0.000001). Of 
those, 111 patients met all criteria for inclusion in 
the natural history analysis. The patients were 
followed for 3.5  years, after which 11 ACs 
increased in size, 13 decreased, and 87 remained 
stable. The authors concluded that younger age at 
presentation was significantly associated with 
cyst enlargement (p = 0.001) and the need for sur-
gery (p = 0.05). No patient older than 4 years of 
age at the time of initial diagnosis had cyst 
enlargement, demonstrated new symptoms, or 
underwent surgical treatment, meaning that an 
older age at the time of presentation is associated 
with a lack of clinical or imaging changes over 
time [2].

4  Gender Distribution 
and Lateralization According 
to Location

On the basis of their location, the ACs can simply 
be divided into intracranial and spinal ACs. The 
intracranial ACs can further be subdivided into 
supratentorial and infratentorial, whereas the spi-
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nal ACs can be divided into extraspinal and 
 intraspinal cysts and may also be both intradural 
and extradural masses [11, 24]. A previous study 
on spinal ACs in the pediatric age group has dem-
onstrated an association with neural tube defects, 
such as myelomeningocele and diastematomye-
lia [35].

In the era before CT and MRI, a literature 
review demonstrated 49% of cysts in the middle 
fossa or Sylvian fissure; in the cerebellopontine 
angle (CPA), 11%; quadrigeminal plate area, 
10%; vermis, 9%; suprasellar area, 9%; inter-
hemispheric fissure, 5%; cerebral convexity, 4%; 
and interpeduncular area, 3% [34].

About 80–90% of the ACs are located in the 
supratentorial space, including the quadrigeminal 
plate region [2, 12, 9] (see Table 1).

The great majority of them originates from the 
Sylvian fissure (50–60% of all intracranial ACs) 
and occupies the temporal fossa, followed by 
those arising from the chiasmatic and the quadri-
geminal plate cistern. The interhemispheric fis-
sure and the subarachnoid spaces of the convexity 
represent less common sites of origin. With 
regard to the infratentorial space, the lateral 
(CPA) and the midline retrocerebellar locations 
are quite equivalent, while the interpeduncular 
and prepontine cisterns are a rare site of origin of 
ACs [28].

Different from children, the retrocerebellar 
location is often found to be as common as the 
middle fossa location in adults [1]. While ACs of 
the middle cranial fossa are often discovered 
incidentally and tend to remain asymptomatic, 
those arising from other regions are more fre-
quently associated with clinical signs and symp-
toms and are often associated with hydrocephalus 
[23]. Indeed, some ACs, namely, the suprasellar 
and the quadrigeminal plate ACs, may grow 
toward and even within the cerebral ventricles.

Wester et  al. investigated 123 patients with 
129 intracranial cysts, consecutively admitted to 
the Department of Neurosurgery in Bergen 
1988–1997. Data were analyzed with regard to 
intracranial location and gender distribution. 
Cysts were much more commonly located in the 
temporal fossae than one would expect if the dis-
tribution were random; 68.1% of patients had 
temporal cysts. Temporal cysts were significantly 
more frequent in males than in females (3.9:1), 
while cysts of other locations did not show pre-
ponderance for a specific gender. The authors of 
this study described a connection between gender 
distribution and sidedness: the significant pre-
dominance of left-sided temporal cysts was found 
only in males. In patients with a unilateral tempo-
ral cyst, the left/right ratio was 2.0:1 (males 44 
left and 20 right, females 8 left and 6 right) [44].

Table 1 Synopsis of the distribution of ACs and their related clinical findings

Location Rate Main clinical features
Supratentorial space
    Sylvian fissure/middle fossa

67–80%
50%

Mainly asymptomatic, rupture, headache, seizures, 
developmental delay, bone scalloping

    Sellar/suprasellar region 10% Hydrocephalus, headache, vomiting, macrocrania, 
hormonal deficit, bobble-head doll syndrome, visual loss

    Interhemispheric fissure 5% Macrocrania, headache, seizures, focal deficits
    Convexity 5% Headache, seizures, bone scalloping
Tentorial space
    Quadrigeminal plate

10%
10%

Hydrocephalus, headache, vomiting, macrocrania, 
precocious puberty, Parinaud’ syndrome

Infratentorial space
    Midline
    CP angle

10–23%
8%
10%

Cerebellar signs, hydrocephalus
Vertigo, tinnitus, hearing loss, facial sensory loss or 
weakening, cerebellar signs

Other
    (e.g., intraventricular, clival 

region/interpeduncular cistern)

2% Hydrocephalus, brain stem signs, cranial nerve deficits
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In another study by Wester, 126 patients with 
132 ACs were studied. The cysts had a strong 
predilection for the middle cranial fossa; 86 
patients (65.2%) had cysts in this location. Of 
106 cysts with clearly unilateral distribution, 64 
were located on the left side and 42 on the right 
side. This significant difference resulted solely 
from the marked preponderance of middle fossa 
cysts for the left (left-to-right ratio, 2.1:1). There 
were significantly more males than females (92 
males/34 females). This difference was exclu-
sively due to male preponderance of unilateral 
middle fossa cysts (66 males/14 females, ratio, 
4.7:1). For all other cyst locations, there was no 
difference between the two sexes (26 males/20 
females) or the two sides (10 left, 16 rights). The 
marked left-sidedness for middle fossa cysts was 
found only in males. Females had an even distri-
bution between the two sides. The author con-
cludes that the strong predilection of ACs for the 
middle cranial fossa may be explained by a men-
ingeal maldevelopment theory: the arachnoid 
coverings of the temporal and frontal lobes fail to 
merge when the Sylvian fissure is formed in early 
fetal life, thereby creating a noncommunicating 
fluid compartment entirely surrounded by arach-
noid membranes. Why males develop more mid-
dle fossa cysts on the left side remains a mystery 
(Neurosurgery 45:775–779, 1999) [43].

A case series from The Johns Hopkins 
Hospital analyzed a group of 20 patients with 
ACs that underwent surgery. Of the patients 
enrolled in the study, 20% had supratentorial 
ACs, 5% infratentorial, and 25% spinal. Gender 
and age of the patients enrolled in the study were 
as follows: 12 male (60%) and 8 female (40%) 
patients, ranging in age from 2 weeks to 39 years 
(mean age of 10.9 years) at the time of surgery. 
Twenty-five percent of the cysts were Sylvian, 
20% intraventricular, and 20% suprasellar. 
Supratentorial cysts were treated endoscopically 
in 73% of patients and with open resection in the 
remaining 27%. Symptoms at presentation 
included headache (41%), weakness (23%), sei-
zure (14%), hydrocephalus (9%), scoliosis (4%), 
cognitive decline (4%), and visual loss (4%) [32].

4.1  Supratentorial ACs

Sylvian fissure ACs (also referred to as middle or 
temporal fossa cysts) are the most common type 
of intracranial cysts. Roughly, half of pediatric 
cysts are located in the middle fossa, and they 
tend to occur more frequently in males and on the 
left side (66%) [2]. Although slightly less preva-
lent in adults (34% of cases), the distribution 
between left and right is similar to children [1]. 
Helland and colleagues described a similar prev-
alence, sex, and side distribution but added that 
sex differences did not demonstrate statistical 
significance outside of the temporal fossa [20].

In a study performed by Helland et al., there 
was a strong predilection (198 patients [66.2%]) 
for intracranial ACs in the temporal fossa. Forty- 
two patients had cysts overlying the frontal con-
vexity, 36 had cysts in the posterior fossa, and 23 
patients had cysts in other different locations. Of 
269 cysts with clearly unilateral distribution, 163 
were located on the left side and 106 on the right 
side. This difference resulted from the marked 
preponderance of temporal fossa cysts on the left 
side (left-to-right ratio, 2.5:1; p  <  0.0001 
[adjusted <0.0005]). For cysts in the CPA, there 
was preponderance on the right side (p = 0.001 
[adjusted  =  0.005]). Significantly more males 
than females had cysts in the temporal fossa 
(p  =  0.002 [adjusted  =  0.004]), whereas in the 
CPA a significant female preponderance was 
found (p  =  0.016 [adjusted  =  0.032]). For all 
other cyst locations, there was no difference 
between the two sexes. The authors also conclude 
that there is a sex dependency for some intracra-
nial locations of ACs, with temporal cysts occur-
ring more frequently in men, and CPA cysts 
found more frequently in women. Furthermore, 
there is a strong location-related sidedness for 
ACs, independent of patient sex. These findings 
and reports from the literature suggest a possible 
genetic component in the development of some 
ACs [20].

In a landmark paper from 1988 by Galassi 
et al., ACs of the middle cranial fossa (also known 
as Sylvian cysts) were shown to represent the 
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most common type of intracranial leptomenin-
geal malformation. Among the 102 intracranial 
ACs that underwent surgery, 77 cases (75%) 
were located in the middle cranial fossa. The ACs 
reviewed in Galassi’s paper had higher incidence 
in the first two decades of life (51 cases) as well 
as marked predilection for male sex (60 cases) 
and the left hemispheric location (55 cases). As 
for clinical presentation, cranial deformities, 
symptoms of raised intracranial pressure, and 
epilepsy constituted the most frequent features. 
In 13 patients, a complicating lesion was associ-
ated: subdural or intracystic hematomas in 7 
cases, subdural hygromas in 4 cases, and extradu-
ral hematomas in 2 cases. Based on the appear-
ance of the CT scan and the results of the CT 
cisternography, the authors proposed a classifica-
tion into three basic types of increasing severity 
and different pathophysiologic conditions. All of 
the patients underwent craniotomy, excision of 
the cyst walls, and perforation into the basal cis-
terns. There was one postoperative death (mortal-
ity rate of 1.3%) due to meningitis. The remaining 
clinical results were gratifying in all three types 
of lesion; on follow-up CT scans, the cysts of 
type I and II exhibited a steady tendency to reduc-
tion or obliteration, while cerebral reexpansion 
seemed less evident in the third, most severe, 
type [17].

Although middle fossa or Sylvian fissure cysts 
remain the most common in all age groups, it is 
possible that some of the differences in preva-
lence reflect the likelihood of cysts in each loca-
tion to cause symptoms. In their study of adults 
with radiographically diagnosed ACs, Al-Holou 
and colleagues found a statistically significant 
increased rate of symptomatic cysts for cysts 
located in the CPA, quadrigeminal cistern, sella, 
and ambient cisterns [1]. Middle fossa cysts in 
adults were associated with a significantly lower 
rate of symptoms [1].

4.2  Infratentorial ACs

The infratentorial compartment represents the 
second most common location of arachnoid 
malformations [18] and is often associated with 

hydrocephalus [22]. When evaluating ACs in 
the posterior fossa, it is often advised to first 
rule out a Dandy-Walker syndrome in doubtful 
cases and to obtain information about the CSF 
circulation, especially before undertaking more 
invasive diagnostic or therapeutic measures. It 
is particularly important to establish the pres-
ence and type of communication of cysts with 
the CSF pathways. Although infratentorial 
cysts often communicate, they can be space- 
occupying masses because of increasing CSF 
retention, which may be due to a ball-valve 
mechanism or to inadequate communica-
tion. The frequently associated hydrocephalus 
seemed to be dependent mainly upon mechani-
cal factors [18]. A case series by di Rocco et al. 
evaluating eight children who have been surgi-
cally treated for posterior fossa AC have shown 
that intracranial hypertension was evident in six 
patients; two children were clinically regarded 
as being affected by “arrested” hydrocephalus 
[13].

In a retrospective study of 26 patients with 
posterior fossa cysts, Arai and Sato came up with 
four major findings: First, posterior fossa intra- 
arachnoid cysts were encountered more fre-
quently than expected and were found to be 
surgically treatable. Second, although IV ven-
tricular cysts were categorized as Dandy-Walker 
malformation, Dandy-Walker variant, and persis-
tent Blake’s pouch in this study, the distinctions 
of neuroimaging findings between these three 
types are uncertain. Third, the diagnostic criteria 
for mega cisterna magna were established, and it 
was found to be a surgically untreatable condi-
tion. Finally, in cases with the following neuro-
imaging findings, surgery appears to be indicated: 
(1) occipital bossing or petrosal scalloping with 
distortion or obliteration of CSF cisterns of the 
posterior fossa, (2) compression and deformity of 
the brain surrounding the cyst, (3) radioisotope 
and/or computed tomography cisternography 
findings suggestive of disturbance of intracystic 
CSF circulation, (4) a noncommunicating cyst 
[4].

Literature review revealed no recent and/or 
significant study evaluating lateralization and 
gender distribution of posterior fossa cysts.

R. Shumkovski et al.
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4.3  Spinal ACs

The spinal ACs are quite uncommon compared to 
the intracranial ACs. A paper by Robb et  al. 
reviews the spinal ACs in series of 11 pediatric 
patients. According to the same paper, the distri-
bution of lesions was as follows: cervicomedul-
lary (one patient), cervical (one), cervicothoracic 
(two), thoracic (four), lumbar (two), and sacral 
(one). Four of the 11 ACs (all intradural) were 
located anterior to the spinal cord, 3 of which 
were in children with a myelomeningocele. Only 
two of the cysts were extradural; both were found 
in the lumbosacral region, and one was associ-
ated with diastematomyelia [33].

In a study of 31 pediatric patients (median 
age 6.9  years) who underwent operative inter-
vention for spinal ACs between 1992 and 2008, 
there were 17 female patients (55%) and 14 male 
patients (45%). Twenty-one patients (68%) pre-
sented with symptoms of radiculopathy or 
myelopathy. The most common presenting 
symptoms were pain (42%), lower-extremity 
weakness (39%), gait instability (32%), spastic-
ity (19%), sensory loss (10%), and bladder dys-
function (7%). In three patients (10%), spinal 
ACs were incidental findings. Intradural spinal 
ACs were more common (18 patients, 58%) than 
extradural spinal ACs (11 patients, 36%). One 
patient (3%) had extradural and intradural com-
ponents. One patient (3%) had a purely intra-
medullary cyst, and one patient (3%) had both an 
intradural and an intramedullary component. Of 
the 18 intradural spinal ACs, 9 (50%) were 
located ventral to the spinal cord, and 9 (50%) 
were dorsally situated. One dorsal intradural spi-
nal AC had an intramedullary component. All 
extradural spinal ACs were located dorsal to the 
spinal cord. Intradural spinal ACs were primarily 
concentrated in the cervical and thoracic regions 
(67%), whereas extradural cysts were more 
evenly distributed between thoracic, lumbar, and 
sacral regions. Of the 18 patients with intradural 
spinal ACs, 13 (72%) had significant previous 
CNS abnormalities, compared with 3 (27%) of 
11 patients with extradural spinal ACs [6].

In a study evaluating spinal ACs, Fam et  al. 
identified 22 patients with spinal ACs with a 
mean age of at presentation 53.5 years. Of those 
22, 17 patients were women, representing an 
almost 3:1 sex distribution. Symptoms comprised 
back pain (n = 16, 73%), weakness (n = 10, 45%), 
gait ataxia (n = 11, 50%), and sphincter dysfunc-
tion (n = 4, 18%). The mean duration of symp-
toms was 15  months. Seven patients (32%) 
exhibited signs of myelopathy. The spinal ACs 
identified in this cohort were located in the tho-
racic spine (n = 17, 77%) and less commonly in 
the lumbar spine (n = 3, 14%) and cervical/cervi-
cothoracolumbar region (n  =  2, 9%). Based on 
imaging findings, the cysts were interpreted as 
intradural spinal ACs (n = 11, 50%), extradural 
spinal ACs (n = 6, 27%), or ventral spinal cord 
herniation (n = 2, 9%); findings in three patients 
(14%) were inconclusive. Nineteen patients 
underwent surgical treatment consisting of lami-
noplasty in addition to cyst resection (n  =  13, 
68%), ligation of the connecting pedicle (n = 4, 
21%), or fenestration/marsupialization (n  =  2, 
11%). Postoperatively, patients were followed up 
for an average of 8.2 months (range 2–30 months). 
Postoperative MRI showed complete resolution 
of the SAC in 14 of 16 patients [16].

5  Conclusion

Numerous evidence, both empirically and clini-
cally tested, have proven that ACs are nearly 
twice as more common in males and on the left 
side, almost 50% in the Sylvian fissure.
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Embryology of Arachnoid Mater

Alpaslan Gökçimen

1  Introduction

Structures in the central nervous system (CNS) 
are protected by meninges, bone, and cerebrospi-
nal fluid (CSF) [4]. The CNS is covered by two 
sheaths (meninges), which are layers of connec-
tive tissue that differ from each other in structure 
and function; because the outer sheath is hard, it 
is called “pachymeninges (dura mater).” Since 
the inner sheath is soft, it is called “leptomenin-
ges (arachnoid mater and pia mater)” [1].

2  Histology and Location 
of Meninges Brain Tissue

Brain tissues are covered from the outside inward 
by three membranes: (1) dura mater (hard mother/
coarse mother), (2) arachnoid (cobweb-like), and 
(3) pia mater (tender mother) (Fig. 1).

Dura mater is the strongest of these meninges. 
This layer is also called the pachymeninx (thick 
membrane). Outside the brain, the dura mater is 
continuous with the periosteum of the skull and 
has no epidural space. In the spinal cord, it is sepa-
rated from the periosteum of the spine by the epi-

dural space. This space includes loose connective 
tissue, adipose tissue, and venous plexuses [4].

While covering the cranial cavity, dura mater 
is observed in two parts as “periosteal dura 
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mater” and “meningeal dura mater.” This tissue 
fuses with the periosteum as a single structure, 
while the initially extradural veins remain in the 
dura mater as the “sinus dura mater.” The perios-
teal layer is composed of leaflike layers of thin 
type I collagen fibers, osteoprogenitor cells, and 
darkly stained cytoplasm with elongated protru-
sions, fibroblasts with ovoid nuclei, and blood 
vessels. The dura mater has extensions called the 
falx cerebri, cerebelli, and tentorium cerebelli. 
The inner layer of the meningeal dura mater is 
called the striated cell layer. This layer is usually 
composed of flattened fibroblasts exhibiting long 
protrusions joined together by desmosomes or 
gap junctions [1].

The arachnoid mater and pia mater are adjacent 
to each other, which is called the leptomeninx 
(thin membrane). The dura mater contains blood 
vessels and sinuses. The best known of these 
sinuses is the superior sagittal sinus. The inner sur-
face of the sinuses are lined with endothelium, and 
a muscle layer is absent around the endothelium 
which is similar for veins. The superior sagittal 
sinus joins with other sinuses and drains into the 
internal jugular vein but does not continue with the 
arachnoid in the dura mater. A very narrow space 
exists under the dura, which contains interstitial 
fluid but no CSF.  The cavity- facing side of the 
dura mater is intermittently layered by connective 
tissue’s main cells, fibroblasts [4].

Arachnoid mater is interposed between dura 
and pia mater with dura mater on top and pia 
mater on the bottom, and the space between the 
two is filled with trabeculae. The cell membrane 
facing outward encircles the gap below the dura. 
In this layer, there are many fibroblasts which are 
connected to each other by gap junctions. The 
trabeculae, located just below the cell membrane, 
have a cobweb-like appearance (Arachnoides) 
between the upper part and the pia mater. 
Trabeculae consist of thin cytoplasmic exten-
sions of fibroblasts and their supporting collagen 
fiber bundles [4]. Fibroblasts are linked together 
by desmosomes. Trabeculae are filled with CSF 
as well as fibroblast extensions. CSF protects the 
CNS structures against physical impact [4].

The arachnoid mater consists of leptomenin-
geal cells, loose connective tissue, specialized 

fibroblasts, and a small amount of type III colla-
gen. The leptomeningeal cover of Arachnoides is 
observed as disc-shaped “cellular spots” (macu-
lae cellulares) whose cells are partially arranged 
concentrically and as villus-shaped “cellular 
nodes” (nodule cellularis) in which the connec-
tive tissue is partially joined. Cellular spots and 
nodules are completely normal structures found 
at any age. Maculae cellulares and nodulicellula-
res are primitive anterior stages of Pacchionian 
granulations. Granulationes arachnoidales are 
inserted up to the bone by pushing the thinning 
dura like a hernia sac, where they form “foveola 
granularis” on the inner surface of the bone by 
exerting pressure. The first is a flat, leaflike mem-
brane that contacts the dura mater. The second is 
a deeper, loosely arranged spider weblike region 
consisting of “arachnoid trabecular cells” (modi-
fied fibroblasts) that lie beneath the pia mater and 
form trabeculae with several associated collagen 
fibers. These spiderlike trabeculae bridge the 
“subarachnoid space” between the pia and the 
leaflike part of the arachnoid layer [1].

The innermost pia mater covers all the gyri 
and sulci of the CNS. This layer is a connective 
tissue consisting of leptomeningeal cells, a single 
layer of squamous epithelium, type III collagen, 
elastic fibers, fibroblasts, macrophages, mast 
cells, basal lamina, and capillaries [4]. Collagen 
fibers are located between fibroblasts. A thin 
basal lamina extends on the surface of the fibro-
blasts facing the brain tissue. In the inner part of 
this, there are foot processes, where the proto-
plasmic astrocytes’ elephant feet-like append-
ages terminate. The pia mater is noticeable under 
the light microscope as a dark layer that is located 
at the outermost part of the brain tissue and looks 
like a single layer of squamous epithelium. The 
pia mater also partially surrounds the blood ves-
sels entering the brain tissue [4].

In addition, there are plenty of nerve fibers in 
this membrane. Thin nerve bundles partly travel 
with blood vessels. Thin bundles of axons travel 
together with blood vessels and form fine networks 
in their walls and nearby partly separate from blood 
vessels. These neural propyls form a wide linked 
plexus that stretches over the entire pia mater and 
has various sensory axon terminals [1].
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3  Development of the Nervous 
System

In the second embryonal week of development, 
the bilaminar embryonic disc is formed. The upper 
part of this disc is composed of primitive ectoderm 
and the lower part of primitive endoderm. From 

the beginning of the third week of development, 
the mesoderm gradually develops between the 
ectoderm and endoderm. This three- layered 
embryonic disc is called the trilaminar embryonic 
disc. The development of all tissues and organs 
consists of these three layers [6] (Fig. 2).

Six separate structures develop from the 
mesoderm: meninges, lateral plate mesoderm, 
cardiogenic mesoderm, intermediate mesoderm, 
septum transversum, and paraxial mesoderm. 
Anterior meninges and posterior meninges 
develop from the meninges, while splanchnic 
mesoderm and mesoblastic supporting stroma 
form from cardiogenic mesoderm [6, 8] (Figs. 3, 
4, and 5).

At the end of the third week of development 
and at the beginning of the fourth week, it forms 
neural folds by stimulating the primitive ecto-
derm on the notochord, which determines the 
axis of the embryo. During this formation, neural 
crest cells are formed from neuroepithelial cells. 
The brain develops from the 2/3 proximal part of 
the neural tube, and the medulla spinalis develops 
from the distal 1/3 part [3, 5, 6] (Fig. 6).

ectoderm

endoderm

notochordmesoderm mesoderm

Fig. 2 At the third weekend of development, ectoderm is 
located above, endoderm below, and mesoderm in the 
middle. The notochord, which forms the skeletal structure 
of the embryo, is located in the middle of all structures. 
The notochord acts as the primary stimulus in the early 
embryo. The notochord degenerates as it forms the bodies 
of the vertebrae

notochord paraxial mesoderm lateral mesodermintermediate
mesoderm

Fig. 3 The paraxial mesoderm is located next to the noto-
chord, the lateral mesoderm is the outermost, and the 
intermediate mesoderm is located in the middle. Somites 

develop from the paraxial mesoderm. The origin of the 
circulatory and urinary system is the intermediate 
mesoderm

Fig. 4 Occasionally, cavities occur in the lateral meso-
derm. These spaces then coalesce to form the intraembry-
onic coeloma. The structure above the intraembryonic 

coeloma is called the somatic mesoderm, and the structure 
below it is called the splanchnic mesoderm
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4  Emergence of the Meninges

The meninges appear during early development 
and consist of the pachymeninges or dura mater, 
and the leptomeninges, which is made up of the 
arachnoid mater and pia mater; all components 
show considerable structural and functional het-
erogeneity. As is known, all tissues consist of two 
parts. The first part is the stroma, which forms the 
roof of the organ. On the other hand, the func-
tional unit of the tissue is the parenchyma located 
in the roof.

In the early embryo, the neural tube is envel-
oped by a mesenchymal layer that will result in 
the primary meninx (Fig. 7). Both mesenchymal- 
and neural crest-derived cells appear to be 
involved in the formation of the primary meninx 
that will differentiate during the embryo develop-
ment and form two different layers: the pachyme-
ninges, or dura mater, and the leptomeninges 
comprising the arachnoid and the pia mater. The 
pachymeninges is an external and thick layer of 
mesenchymal composition, while the leptomen-
inges is a double and thinner layer that contains 
both mesenchymal and neural crest cells [2].

Mesenchymal cells together with neural crest 
cells form the outline of the primary meninges. 
The meninges develop from two condensations 
which appear in the head region: the outer con-
densation gives rise to the skeletogenous layer, 
while the inner condensation (dural-limiting 
layer) gives rise to the pia and arachnoid (Fig. 8). 
These two mesenchymal condensations subse-
quently differentiate into two different tissue 
components: the internally located connective 
tissue (dense in the dura mater and loose in the 
leptomeninges) and an epithelial component, on 
the surface of the meninges [2] (Fig. 8).

The meninges are composed of mesenchyme 
that surrounds the neural tube. As the skull devel-
ops, loose tissue forms the subarachnoid space 
lined by meningeal cells. The meningeal cells 
form arachnoid between the venous plexus (pia 
mater) on the brain surface and the dura mater, 
which covers the inner surface of the skull [8] 
(Fig. 9).

somatic mesoderm

splanchnic mesoderm

embryonic endoderm

embryonic ectoderm

Fig. 5 Somatic mesoderm and embryonic ectoderm 
together form the somatopleure, and splanchnic meso-
derm and embryonic endoderm together form the splanch-
nopleura. Somatopleure forms the embryonic body wall, 
and splanchnopleura forms the embryonic intestinal wall

neural crest neural crest

neural tube

vitellus sac

ectoderm ectoderm

mesodermmesoderm notochord

endoderm

Fig. 6 As the primary stimulus, the notochord stimulates 
the overlying ectoderm, and the neural fold begins to 
form. While neural folds are formed, neural crest cells are 
formed as neuroepithelial cells at the ends of these folds. 
Sympathetic and parasympathetic ganglia, Schwann cells, 
melanocytes, medulla of the adrenal gland, and meninges 
are formed from neural crest cells. The neural folds then 
fuse to form the neural tube. The brain develops from the 
2/3 proximal part of the neural tube, and the spinal cord 
develops from the distal 1/3 part
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mesenchymal cells

Fig. 7 At the end of the third week of embryonic devel-
opment, the mesoderm is formed. Mesenchyme cells 
originating from the mesoderm are very active in terms of 
mitosis. Mesenchymal cells are widely located around the 
neural tube. In this way, the primary meningeal layer is 
formed

Fig. 8 As a result of the condensation of the mesenchy-
mal tissue, a skeletogenous layer is formed. The dura 
mater will form from this developing layer. Mesenchymal 
cell condensation under the developing skeletal tissue is 
seen as milder. This layer is the part that will later differ-
entiate into the arachnoid and pia mater

Fig. 9 Mesenchymal cells play an important role in the 
development of the arachnoid mater. Especially the cyto-
kines and growth factors secreted by these cells are 
important

Below the dura, the meningeal cells form the 
outer layer of the arachnoid, a thin epithelial 
layer that forms the outer boundary of the fluid- 
filled cavity. Although embedded in the arach-
noid dura without a basement membrane, it forms 
a functional barrier (blood-brain barrier) between 
the blood and the dura [7] (Fig. 9).

The arachnoid cells spread into the sub-
arachnoid space (arachnoid space), similar to a 
spider web. These cells form the arachnoid 
inner layer, which covers the vascular connec-
tive tissue (pia mater) on the brain surface and 
surrounds the bridging veins that drain blood 
from the cerebral veins in the pia to the venous 
sinuses [7].
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Histological Findings of Arachnoid 
Cysts

Christine E. Fuller

1  Introduction

Arachnoid cysts (ACs) represent benign fluid- 
filled cystic lesions that may arise at essentially 
any site within the central nervous system (CNS) 
in which arachnoid cap cells reside. Although 
they frequent the temporal operculum/Sylvian 
fissure and temporal pole, alternate locations 
include various posterior fossa sites (cerebello-
pontine angle, quadrigeminal region [2, 65], cis-
terna magna), sella/suprasellar regions [36], or 
along the optic nerves or spinal cord; few intra-
ventricular [23] examples have been described 
[47, 51, 54, 67]. ACs occur throughout all age 
groups and may be congenital or acquired sec-
ondary to a variety of pathologies that result in 
inflammation/irritation or hemorrhage involving 
the leptomeninges.

The majority of ACs are found incidentally on 
neuroimaging studies, necessitating only conser-
vative management. On both computed tomog-
raphy (CT) and magnetic resonance imaging 
(MRI) scan techniques, ACs present a thin wall 
that lacks enhancement after contrast adminis-
tration and fluid contents with signal density/
intensity typical of cerebrospinal fluid (CSF). 
On occasion, sizeable and/or strategically situ-

ated ACs may become symptomatic, resulting in 
headaches, dizziness, seizures, weakness, cogni-
tive dysfunction, or focal deficits [67]. Potential 
surgical options include cystoperitoneal shunt-
ing, surgical resection, aspiration, or fenestra-
tion. The reader is directed to the respective 
chapters in this book for a more detailed discus-
sion of the clinical presentation, localization, 
neuroimaging features, and treatment options 
related to ACs.

The focus of the current chapter is to outline 
the spectrum of histological, immunohistochemi-
cal, and ultrastructural features of ACs. 
Comparisons will be drawn with other cystic 
lesions of the CNS to facilitate a tissue-driven 
differentiation of ACs from the multitude of 
potential clinicoradiographic mimics. A brief 
review of unusual presentations of histologically 
confirmed ACs is also provided, to include co- 
occurrence of ACs with a variety of other neo-
plastic and nonneoplastic pathologies.

2  Microscopic 
and Immunohistochemical 
Features of Arachnoid Cysts

Macroscopically, ACs present as fluid-filled cysts 
with generally delicate walls ranging from thin 
and translucent to thicker and opaquer. Though 
fluid contents are often clear and colorless, prior 
hemorrhage may result in more xanthochromic 
discoloration.
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2.1  Spectrum of Findings by Light 
Microscopy

The AC lining is composed of two layers. 
Meningothelial cells, often flattened and/or 
focally denuded, form the inner layer; the outer 
layer is collagenous and variable in thickness [9, 
17, 25, 31, 33, 39, 70] (Figs.  1 and 2). More 
opaque-appearing cyst walls tend to be associ-
ated with thicker hyalinized collagen  components. 
Foci of meningothelial hyperplasia may be 
encountered, as can be the occasional sparse 
inflammatory infiltrate. Ciliated or squamous 
epithelial cells are absent. The adjacent CNS 
parenchyma, if sampled, may show reactive 
astrocytosis.

On occasion, other histological elements may 
be encountered within the walls of otherwise 
typical ACs. For instance, hemosiderin- 
containing macrophages trapped within AC walls 
may be seen and imply a prior site of hemorrhage 
[61]. Morioka et al. described finding nevus cells 
within a posterior intradural extramedullary tho-
racic spinal AC that arose in a patient with a large 
congenital melanocytic nevus involving the skin 
of his back [41]. ACs with heterotopic neuroglial 
tissue have been described in multiple instances, 
mainly in ACs arising in posterior fossa sites [5, 
7]. Few ACs containing ectopic choroid plexus 
have been documented, all within the posterior 
fossa/cerebellopontine angle region, both in chil-
dren [24, 55] and adults [59]. Candy et al. report 
a unique “dual” cyst arising from the cauda 
equina in a 68-year-old man; this cyst was lined 
by areas of pseudostratified ciliated columnar 
epithelium (bronchogenic cyst lining) as well as 
regions with “pleated fibrovascular tissue lined 
by monomorphic arachnoid cells” (AC lining). 
The AC was successfully treated by marsupial-
ization [12].

2.2  Common Patterns 
of Immunohistochemical 
Labeling

The meningothelial lining cells of ACs will stain 
positive for immunohistochemical stains target-
ing epithelial membrane antigen (EMA) and 
vimentin [29, 40] (Fig.  3). Unlike a variety of 
other cystic lesions that may be encountered 
within the CNS, ACs do not express cytokeratins, 
glial fibrillary acidic protein (GFAP), S100 pro-
tein, transthyretin (prealbumin), or carcinoem-
bryonic antigen (CEA) [40]. That said, 
immunohistochemistry could be quite helpful in 
discriminating an AC from other potential diag-
nostic mimics, as described below.

Several studies for determination of sex hor-
mone status in the lining cells of ACs have been 
published. Similar to meningiomas, a substantial 
proportion of ACs will possess progesterone 
receptor positivity by immunohistochemistry 
[20, 32, 66]. In contradistinction, ACs have been 

Fig. 1 Microscopic appearance of a typical AC showing 
bland meningothelial cells upon fibrous tissue (hematoxy-
lin and eosin, ×200)

Fig. 2 Some ACs have a more attenuated lining (hema-
toxylin and eosin, ×200)
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Fig. 3 Meningothelial cells of AC are immunopositive 
for epithelial membrane antigen (EMA) stain (anti-EMA, 
×200)

found to lack both estrogen and androgen recep-
tors (which may be detected in a minor subpopu-
lation of meningiomas), and likewise their lining 
consistently expresses aromatase, a feature not 
typical of meningiomas [32]. The clinical rele-
vance of these findings remains unclear.

3  Ultrastructural Features 
of Arachnoid Cysts

Scanning electron microscope (SEM) examina-
tions of ACs have documented cyst linings rich in 
microvilli of varying densities. Scattered larger 
cell surface projections with a filiform or club- 
like morphology have been encountered [20, 22].

Ultrastructural features observed by transmis-
sion electron microscopy (TEM) are those of a 
single layer of lining cells (meningothelial) that 
are separated from the surrounding collagen-
rich connective tissue by a distinct (though vari-
ably discontinuous) basement membrane [20, 
22, 38, 42]. Some authors have identified ACs 
composed of only fibrous tissue walls devoid 
of a meningothelial cell lining, though in other 
cases the meningothelial lining was multiple cell 
layers thick [20, 38]. Splitting of the arachnoid 
membrane at the cyst margin has been observed 
[54]. Closer inspection of the lining cells finds 
surface microvilli often containing vacuoles and 

sometimes with elongated bulbous formations, 
but no true cilia [20, 22, 38]. These cells contain 
irregular- shaped, lobulated nuclei with nucleoli, 
rough and smooth endoplasmic reticulum, and 
numerous mitochondria. Multivesicular bodies 
with coated granules have been demonstrated, 
as have numerous small intracellular vesicles 
and pinocytotic pits [20–22]. Where lining 
cells adjoin, there are often desmosome-like 
junctional complexes or intercellular interdigi-
tations with sinusoidal dilations containing com-
plex and often tortuous processes [20–22, 38, 
42]. Intracytoplasmic tonofilaments have been 
described, interacting with desmosome-like 
complexes [21, 22].

More recently, Rabiei et al. conducted a com-
parative ultrastructural analysis of symptomatic 
ACs from 24 patients [52]. The diversity of ultra-
structural features that they demonstrated led the 
authors to separate the cysts in their cohort into 
three groups: (a) cysts lined with arachnoid tis-
sue, (b) fibrous walled cysts, and (c) “cysts with 
aberrant structure.” The first two categories cor-
relate with findings previously described by oth-
ers above, whereas the “aberrant structure” group 
had more unusual findings. Although they too 
were lined by cells with surface microvilli, some 
also had demonstrable cilia and/or apical 
secretory- type granules. Subepithelial neuropil 
and glial components were also seen in this group 
[52]. From these ultrastructural findings, the 
authors postulate that these varying cyst wall 
components provide “different barrier properties 
and fluid turnover characteristics” [52].

4  Pathologic Differentiation 
of Arachnoid Cyst 
from Other Cystic CNS 
Lesions

ACs need to be differentiated from a wide variety 
of other lesions that may arise within the 
CNS.  These include neoplastic, infectious, and 
other nonneoplastic processes that may form (or 
be associated with) cysts.

Histological Findings of Arachnoid Cysts



32

4.1  CNS Infections Presenting 
as Cysts

Several infectious processes may present as cys-
tic lesions within the CNS. Bacterial, fungal, or 
toxoplasma abscesses all may at least superfi-
cially appear “cystic.” Their neuroimaging char-
acteristics are typically quite dissimilar from 
those noted elsewhere for AC in that infectious 
abscesses contain necrosis and/or fibrinopurulent 
debris within their central cores and manifest 
with ring enhancement on post-contrast images. 
Histological assessment will easily discriminate 
these necroinflammatory lesions from AC or 
other CNS cysts.

In contradistinction, parasitic cysts tend to be 
more truly cystic in architecture, depending on 
their life stage and region of CNS involvement. 
Neurocysticercosis, resulting from CNS infec-
tion by the pork tapeworm Taenia solium, may 
manifest as intraparenchymal, intraventricular, or 
subarachnoid/leptomeningeal lesions. 
Parenchymal cystic lesions are most common 
and tend to be small and multiple, whereas intra-
ventricular cysts tend to be solitary. Infectious 
cysts within the subarachnoid space may grow 
quite large, and some may take on a grapelike 
“racemose” appearance [60]. It is these subarach-
noid and intraventricular infectious cysts that 
may closely mimic ACs, given that they tend to 
lack identifiable scolex structures (more typical 
of the intraparenchymal lesions) and the cyst 
contents have similar signal characteristic to CSF 
on MR images. With the eventual death of the 
encysted parasites, the imaging findings change 
as well, with surrounding edema and thickening 
and enhancement of the cyst wall eventually giv-
ing way to cyst collapse, retraction, and calcifica-
tion [64]. Histological examination of the larva 
cyst wall shows three layers of nonhuman tissue: 
an outer cuticular, middle cellular, and inner 
fibrillary layer. A scolex may or may not be pres-
ent [10, 15].

Neurohydatidosis, resulting from infection 
with the parasite Echinococcus granulosus (or 
rarely other Echinococcus species), is much rarer 
than parasitic involvement of the liver and lungs. 

The majority of cerebral hydatid cysts involve 
cerebral parenchyma supplied by the middle 
cerebral artery. They may be solitary or multiple. 
Neuroimaging studies reveal circumscribed non- 
enhancing intraparenchymal cysts containing 
fluid isointense with CSF on all MR imaging 
sequences [11, 49, 50]. Therefore, apart from 
their typically intraparenchymal location, they 
show significant neuroimaging overlap with 
AC.  Histological examination of the cyst wall 
would confirm the diagnosis, as, similar to neuro-
cysticercosis, hydatid cysts have multilayer walls 
of nonhuman tissue, often with associated brood 
capsules [10, 45, 63].

4.2  Neuroenteric (Enterogenous/
Endodermal) Cysts

Neuroenteric cysts, as their name implies, are 
benign cysts lined by epithelium that may resem-
ble that typical of the gastrointestinal or respira-
tory tract. They arise from congenitally displaced 
elements of the alimentary tract. These cysts 
most frequently arise in the subarachnoid space 
anterior to the spinal cord, though they have been 
encountered in intracranial sites as well, espe-
cially within the posterior fossa. Spinal dysra-
phism may accompany those arising at 
lumbosacral levels. They typically come to clini-
cal attention due to local mass effect on adjacent 
structures. By neuroimaging studies, they may 
resemble a wide variety of CNS cystic lesions, 
including AC, in that the MRI signal characteris-
tics of their contents are similar to that of 
CSF.  They may closely resemble colloid or 
Rathke’s cleft cysts in neuroimaging characteris-
tics, though location typically gives a strong clue 
for differentiating between these entities [19]. At 
surgery, they are mostly small in size, thin- 
walled, and containing mucinous material. 
Similar to AC, they do have a thin fibrous wall; 
however, the lining is that simply of pseudostrati-
fied columnar epithelium, variably with cilia, and 
frequently containing goblet cells [62]. Squamous 
metaplasia is not uncommon and may sometimes 
be associated with xanthogranulomatous inflam-
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mation [68]. Occasionally, the lining epithelium 
is more complex and closely resemble gastroin-
testinal or respiratory-type epithelium; seromuci-
nous glands, ganglia, and lymphoid elements 
may be present [19]. Given the presence of gob-
let/mucin-producing cells, the epithelium is typi-
cally positive for mucin stains, and the 
immunohistochemical profile includes positivity 
for cytokeratin, EMA, CEA, and CA19-9 [1, 19, 
40]. S100 may be positive on occasion, but stains 
targeting GFAP, NSE, and vimentin should be 
negative [19, 29]. Collagen IV stain decorated 
basement membrane beneath the epithelial 
surface.

4.3  Colloid Cyst

Colloid cysts represent mucin-filled benign cysts 
that arise within the rostral regions of the third 
ventricle, often near the foramen of Monro. The 
vast majority occur within young to middle-age 
adults, presenting with complaints of headache. 
These cysts may cause intermittent obstruction of 
CSF flow, and the so-called drop attacks of tran-
sient leg paralysis and sudden death may result. 
Ventriculitis may develop from cyst rupture. 
Neuroimaging studies typically show a round 
discrete third ventricular lesion that is bright on 
T2 and FLAIR images, and does not enhance 
post-contrast (though there may be a thin rim of 
enhancement of the capsule itself). 
Microscopically, though they like AC have a thin 
fibrous wall, colloid cysts are lined by a ciliated 
cuboidal to columnar pseudostratified epithelium 
with variable numbers of interspersed goblet 
cells. Lining epithelium may also be flattened/
attenuated or pseudostratified. Cyst contents are 
amorphous eosinophilic material, similar to that 
seen within Rathke’s cleft cysts [62]. The epithe-
lial lining cells are immunopositive for both 
EMA and cytokeratin, the later stain easily dif-
ferentiating them from AC.  The lining is also 
variably positive for CEA and is negative for 
GFAP, transthyretin, and S100 [16]. Collagen IV 
stain decorated subepithelial basement mem-
brane. Periodic acid-Schiff (PAS) stain may dec-

orate cells with mucin production in some cases. 
Unlike some other CNS cysts (Rathke’s cleft or 
enterogenous cysts), colloid cysts do not develop 
squamous metaplasia. Long-standing cysts not 
infrequently incite a surrounding xanthogranulo-
matous inflammatory reaction.

4.4  Rathke’s Cleft Cyst

Similar to neuroenteric cysts, Rathke’s cleft cysts 
are also mucus-containing cysts, in this case aris-
ing from Rathke’s cleft remnants within the 
sellar/suprasellar region. Though larger cysts 
may become symptomatic, oftentimes, these 
benign cysts appear as incidental findings on neu-
roimaging studies or at autopsy. Histologically, 
they are lined by pseudostratified columnar cili-
ated epithelium with goblet cells [39, 62] (Fig. 4). 
Squamous metaplasia may be present, as may a 
xanthogranulomatous reaction in the surrounding 
tissue. Cyst content itself, when submitted for 
histological review, is generally an amorphous 
pink/eosinophilic material. The lining epithelium 
is consistently immunopositive for both cytoker-
atin and EMA [16], as well as mucin stains [40]. 
CEA and S100 expression is more variable [16, 
29]. Collagen IV stain highlights basement mem-
brane beneath the epithelium.

Fig. 4 Rathke’s cleft cyst contains a lining of pseu-
dostratified ciliated columnar epithelium with scattered 
mucin-containing goblet cells (hematoxylin and eosin, 
×200)

Histological Findings of Arachnoid Cysts
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4.5  Epidermoid and Dermoid 
Cysts

Epidermoid cysts may arise throughout the neu-
roaxis, though the cerebellopontine angle is their 
most favored site. The floor of the fourth ventricle, 
suprasellar region, and along the spinal cord are 
other common sites, and they may involve intradi-
ploic calvarium. On neuroimaging studies (both 
CT and MRI), they may closely mimic AC in that 
their cyst contents of cellular debris and high cho-
lesterol content can have similar density to 
CSF. They typically do not enhance after  contrast 
administration, though they may infrequently 
show focal wall enhancement. Diffusion-weighted 
imaging (DWI) sequences may help in differenti-
ating epidermoid from ACs, epidermoid cysts 
being very bright on DWI, which is not a feature of 
ACs. Often appearing pearly white on gross 
inspection, epidermoid cysts have fibrous walls 
lined by mature keratinizing squamous epithelium 
(Fig.  5). These cysts are filled with anucleated 
sloughed squames. Lining cells are immunoposi-
tive for both cytokeratin and EMA [62].

In contradistinction, dermoid cysts are much 
less common than epidermoid cysts within the 
CNS. Dermoid cysts most frequently affect chil-
dren, and they tend to arise along midline struc-
tures, including in association with fontanelles 
and midline cerebellum/fourth ventricular, or 

along the spinal canal. Similar to epidermoid 
cysts, they have fibrous walls and lining of mature 
keratinizing squamous epithelium; however, they 
also contain skin adnexa, and their cyst contents 
contain hair and sebum in addition to anucleated 
squames [62]. Also, similar to epidermoids, the 
lining epithelium is immunopositive for cytoker-
atin and EMA.  Cyst rupture may result in a 
chemical meningitis with foreign body granulo-
matous inflammatory reaction.

4.6  Choroid and Ependymal Cysts

Choroid plexus cysts are one of the most common 
incidental findings detected at brain autopsy. They 
may be multiple and are generally asymptomatic. 
On occasion, large choroid plexus cysts might 
come to clinical attention due to symptoms related 
to intermittent hydrocephalus due to ball- valve- 
like mechanical obstruction. Choroid plexus cyst 
lining, histologically similar to normal choroid 
plexus epithelium, is immunopositive for cyto-
keratin, transthyretin, and S100 [16, 29].

Ependymal cysts are uncommon benign cystic 
lesions that may arise throughout the brain and 
spinal cord. They are often paraventricular or 
intraventricular in  location and are frequently 
large with internal septations. Neuroimaging 
studies show their contents to have signal charac-
teristics typical of CSF, being hypointense on 
T1-weighted, hyperintense on T2-weighted, and 
without diffusion restriction on the respective 
MRI sequences. At surgery, these may closely 
resemble ACs in gross appearance; however, his-
tologically, they are quite dissimilar. Unlike ACs, 
ependymal cysts do not have fibrous walls; 
instead, their simple cuboidal to columnar (and 
often ciliated) lining epithelium rests upon a sur-
rounding neuroglial wall [62]. Some ependymal 
cysts alternately have quite gliotic walls, often 
bearing abundant Rosenthal fibers. Ependymal 
cysts are immunopositive for S100 and GFAP 
[16], a testament to their glial lineage. Cytokeratin 
positivity is lacking, and there is likewise no col-
lagen IV basement membrane staining.

Fig. 5 Epidermoid cyst lining is that of a stratified squa-
mous epithelium (hematoxylin and eosin, ×200)
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4.7  CNS Neoplasms with Cystic 
Components

Multiple CNS tumors characteristically have 
prominent cystic components that might poten-
tially mimic AC.  For instance, ACs that arise 
within the sella/suprasellar region may mimic 
not only Rathke’s cleft cyst as noted above but 
also craniopharyngioma or cystic teratoma. Both 
craniopharyngioma and teratoma may present 
as purely cystic lesions on neuroimaging stud-
ies, though they much more frequently exhibit a 
mixed solid and cystic or purely solid appearance. 
Calcification (best seen on CT imaging) may also 
be present, particularly in craniopharyngioma; 
this would be unexpected for AC [58]. Additional 
CNS neoplasms that often have a cystic compo-
nent (which may predominate) include pilocytic 
astrocytoma, pleomorphic xanthoastrocytoma, 
ganglion cell tumors (ganglioglioma, gangliocy-
toma, and desmoplastic infantile ganglioglioma), 
and hemangioblastoma. Confirmatory histology 
examination easily discriminates between these 
lesions and is crucial in guiding patient manage-
ment and follow-up.

4.8  Miscellaneous Cystic CNS 
Lesions

Pineal cysts are benign intrapineal cystic lesions 
that are detectable in approximately 2% of adults, 
usually encountered as incidental radiographic or 
autopsy findings. Rarely do they enlarge enough 
to result in aqueductal compression and resultant 
clinical symptoms. Although they are well- 
circumscribed and have CSF-like cyst contents 
on neuroimaging studies, the similarity with ACs 
ends there. Pineal cysts characteristically have 
three detectable layers on histological inspection. 
The outer layer is leptomeningeal, surrounding a 
layer of compressed pineal parenchyma, which 
may show calcification. The innermost layer is 
essentially a glial scar, often with many Rosenthal 
fibers and sometimes hemosiderin [39].

Cystic CNS lesions may result from surgical 
resection of some other process or alternately 
from traumatic damage, hemorrhage, or brain 

infarct. All of these give rise to encephalomala-
cia, regions of parenchymal loss. Though their 
contents have neuroimaging qualities akin to 
CSF (similar to ACs), their walls are made up 
only of the surrounding gliotic brain parenchyma. 
Similarly, porencephalic cysts result from 
encephaloclastic insults during early develop-
ment, producing cystic lesions that communi-
cated with the ventricle and/or subarachnoid 
space. These pores have smooth walls lacking 
gliosis, and they contain CSF; however, unlike 
ACs, they are intraparenchymal and not purely 
leptomeningeal [28].

Posterior fossa cysts include such develop-
mental abnormalities as Blake’s pouch and cysts 
associated with Dandy-Walker malformation 
(DWM). Both of these cysts may mimic AC in 
terms of having a smooth wall and containing 
CSF; however, the finding of additional anatomic 
clues on neuroimaging studies will help discrimi-
nate between these entities [43]. Blake’s pouch 
and DWM will have an enlarged retrocerebellar 
space, containing a membranous cyst that is in 
continuity with the fourth ventricle, and DWM 
will additionally have evidence of cerebellar ver-
mian hypoplasia or absence [3, 8]. In contradis-
tinction, posterior fossa ACs are distinctly 
separated from the fourth ventricle, and their 
fibrous walls are lined only by meningothelial ele-
ments; ACs lack ependyma, glia, or neuronal ele-
ments that are commonly present in the walls of 
Blake’s pouch or Dandy-Walker cyst [3, 26, 37].

4.9  Unusual Clinicoradiographic 
Presentations of Arachnoid 
Cysts for which Histological 
Confirmation Is Prudent

Although the vast majority of ACs are encoun-
tered in locations in which arachnoid cells typi-
cally reside (along the surfaces of the brain and 
spinal cord), on occasion, they may present at 
unexpected locations. For instance, extradural [4, 
14, 27, 34] and intradiploic ACs [6, 30, 69] have 
been described. Fleck et  al. encountered an AC 
confined to the internal auditory canal [18]. ACs 
may also rarely present as entirely intraparenchy-

Histological Findings of Arachnoid Cysts
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mal cystic lesions, either within the brain [48] or 
intramedullary spinal cord [46, 57]. In these cir-
cumstances, histological examination will be 
crucial in confirming the definite diagnosis, dif-
ferentiating ACs from the various entities that 
would enter into the differential diagnosis as 
noted above.

ACs may also present concurrently with other 
unrelated lesions. For example, Rao et al. describe 
an intrathoracic meningocele pouch found 
 incidentally during evaluation for a dorsal intra-
dural extramedullary AC extending from T1 to 
T5 spinal levels [53]. Nishio and colleagues 
describe the co-occurrence of hypothalamic ham-
artoma with an AC in a pediatric patient [44]. 
Co-occurrence of intracranial aneurysm and AC 
has been encountered on multiple occasions. In 
one case series of nine patients, ACs were mostly 
within the middle cranial fossa and intracranial 
aneurysms involving the anterior circulation; 
these patients present with a mix of signs and 
symptoms related to aneurysm rupture or mass 
effect/seizures related to the ACs [13]. 
Meningioma and AC may also co-occur, some-
times as physically separate lesions [71] or alter-
nately as meningioma arising from the wall of an 
AC. Of interest, such neoplastic transformations 
have included examples of higher-grade menin-
giomas [World Health Organization (WHO) 
grades II and III] [35, 56]. Histological assess-
ment is clearly crucial in these circumstances for 
prognostication and appropriate treatment plan-
ning, as these higher-grade meningiomas are sig-
nificantly more biologically aggressive than their 
WHO grade I counterparts.

5  Conclusion

ACs are benign cystic mass lesions that arise 
throughout the CNS in areas typically populated 
by arachnoid cap cells. They occur throughout all 
age groups and may be congenital or acquired 
secondary to a variety of pathologies that result 
in inflammation/irritation or hemorrhage involv-
ing leptomeninges. In this chapter, we outlined 
the typical histological, immunohistochemical, 

and ultrastructural features of ACs. Some uncom-
mon unusual histological findings of AC were 
also highlighted. Comparisons were drawn with a 
wide variety of other cystic lesions of the CNS, 
highlighting pertinent features to facilitate differ-
entiation of ACs from the multitude of potential 
clinicoradiographic mimics. Lastly, ACs may be 
encountered at unusual locations or alongside 
other unrelated lesions; in these circumstances, 
histological examination is crucial to determine 
the ultimate diagnosis.
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Pathophysiology of Arachnoid 
Cysts

George W. Koutsouras, Justin Oh, 
and Satish Krishnamurthy

1  Introduction

Arachnoid cysts (ACs) are collections of cerebro-
spinal fluid (CSF) contained or walled off by 
arachnoid membranes. They are either primarily 
developmental (congenital) or secondarily 
acquired cysts (Table  1) [9, 17, 34] most often 
seen within the middle cranial fossa but can be 
found in the supratentorial or infratentorial com-
partments and even along the spinal axis. These 
cysts can develop anywhere in the central ner-
vous system (CNS) given the diffuse existence of 
the arachnoid meninges. Anatomically, the arach-
noid layer sits beneath the dura mater throughout 
the CNS, and beneath the arachnoid is a layer of 
pia meninges. Between the arachnoid and pia 
meninges lies the subarachnoid space. It is within 
this compartment that CSF is contained. The sub-
arachnoid cisterns lay throughout the brain, and 
there are larger subarachnoid spaces in which 
CSF is contained [40].

2  Clinical and Radiographical 
Features

Patients with ACs present in a variety of ways, 
often with nonspecific complaints, and most of 
them are discovered incidentally [1, 2, 17, 19, 44, 
49]. Typically, small ACs are asymptomatic and 
do not typically lead to future neurologic 
sequelae. Larger ACs, located within the supra-
sellar or posterior fossa spaces, may lead to signs 
of intracranial hypertension and hydrocephalus 
[25]. They may be associated with macrocephaly, 
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Table 1 Factors contributing to the etiology of AC

Congenital -Most common type [5, 17]
 –   Splitting of arachnoid membrane [48]
Genetic syndrome [24, 49]
 –   Autosomal dominant polycystic kidney
 –   Glutaric aciduria type 1
 –   Acrocallosal syndrome
 –   Aicardi syndrome
 –   Edwards syndrome
 –   Down syndrome
 –   Mucopolysaccharidosis
 –   Schizencephaly
 –   Neurofibromatosis
Acquired [9]
 –   Birth head trauma
 –   Head trauma [9]
 –   Infection
 –   Hemorrhage
 –   Chemical irritation
 –   Tumors
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headaches, cranial nerve palsy, seizures, and 
rarely unilateral hemiparesthesia or hemiparesis 
[37, 39]. In a recent report, symptoms seen in 
children were related to raised intracranial pres-
sure, obstructive hydrocephalus, and rupture of 
the AC [8, 11]. Subsequent rupture could lead to 
subdural hematoma or hygroma and intracystic 
hematoma [3, 31]. Within the spine, spinal cord 
compression, such a gait disturbance, weakness, 
or numbness, and pain can be presenting symp-
toms [13, 29, 30, 35, 42]. Some reports describe 
hydrocephalus in up to 60% of patients with ACs 
[17, 33]. This may be in either a communicating 
or a noncommunicating pattern. If the hydro-
cephalus is obstructive, the cysts are usually 
located in the suprasellar region or posterior 
fossa [10].

In one large-scale review of adults who had 
undergone an MRI brain, ACs were identified in 
<2% of the cohort. Of this subgroup, only 5% 
were symptomatic, and <4% underwent surgi-
cal treatment. In this population, sellar and 
suprasellar cysts were more likely to be symp-
tomatic, and middle cranial fossa ACs were the 
least likely. This study population was followed 
for a range of 1 to 6.6 years, in which <2.5% of 
cysts increased in size and <1% of cysts 
decreased in size [1]. A similar study was per-
formed in children with brain MRIs. Of over 
11,000 children, an AC was identified 2.6% 
(N = 309) of the time. Males were statistically 
more likely to have an AC than females. For an 
average follow-up of 3.5  years, 11 of the 111 
ACs followed had grown, with younger age 
being associated with cyst enlargement. This 
younger population was more likely to need 
surgery. They observed that children older than 
4  years of age did not have cyst enlargement, 
develop new symptoms, or need surgery [2]. In 
another analysis of children, this time in the 
prenatal population, they discovered 0.2% of 
fetuses with a prenatally identified AC on ultra-
sound. Of which, only <10% enlarged and over 
80% were not visualized on follow-up imaging. 
All 81% of nonvisualized ACs on follow- up 
were previously located within the interhemi-
spheric fissure. Only two children had surgery 
later in their infant life, and both ACs measured 

>3 cm in largest diameter [17] In another cohort 
of patients, Hall demonstrated that younger 
patients were more likely to be symptomatic 
and have hydrocephalus than older patients. Of 
the 485 patients with an AC, 426 were deemed 
symptomatic. Of the subset of the studied cohort 
with follow-up of a mean of 2 years with imag-
ing (N = 148), 147 patients either had a stable 
cyst or reduction in their AC.  In this series, 
3.6% of cysts in children grew compared to 
2.5% in adults [19].

3  Pathophysiological 
Mechanisms

ACs are separate structures from the subarach-
noid cisterns and the rest of the ventricular sys-
tem [4]. Splitting of the arachnoid meningeal 
layer may allow for the development of an AC 
[40]. Choi, Kim, and others postulated that this 
occurs because of head trauma possibly occur-
ring during birth [9, 26]. Others suggest that this 
process may occur as early as at 15 weeks of ges-
tation in which the precursor to the arachnoid 
splits and duplicates, leading to CSF flow into 
these layers [23]. If a mass structure within the 
cranium does not fill its nearby space, this may 
lead to the subsequent formation of an AC as this 
new compartment fills [10, 16]. Wester described 
in middle fossa cysts a developmental failure in 
the conjoining of the arachnoid membranes seen 
within the frontal and temporal lobe [48]. There 
are also infectious and post-inflammatory mecha-
nisms that have been discussed. The formation of 
arachnoiditis may impair CSF flow dynamics and 
create a process for CSF confinement, as has 
been described in the spinal intradural AC popu-
lation [12]. As previously described, these cysts 
remain stable or regress more likely than they 
expand [24]. Additionally, they remain asymp-
tomatic more commonly than they yield symp-
toms in patients.

For when they do grow, there are three main 
hypotheses behind the growth of ACs: the ball 
valve hypothesis, fluid secretion from the cellular 
lining of the AC, and a gradient between intracystic 
and extracystic compartments (Fig. 1) [4, 33, 38].
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Etiology
Congenital/Genetic or Acquired

disruption in arachnoid membrane

Expansion

1. Ball valve mechanism

2. Osmotic gradent

3. Fluid secretory effects of cyst
cellular lining

Symptoms

Headaches

Hydrocephalus

Seizure

Cranial nerve palsy

Hemiparesis

Fig. 1 Pathophysiological process of AC.  A suspected 
disruption in the arachnoid membrane, either congenital 
or acquired, is the first step in the process of AC. The dis-
ruption subsequently leads to the accumulation of AC 
fluid. Three suspected processes, (1) ball valve mecha-
nism, (2) osmotic gradient, or (3) secretory effects of AC 
lining, lead to the further development of AC. This forma-
tion of AC will lead to a constellation of symptoms

3.1  Ball Valve Mechanism

The ball valve mechanism accounts for commu-
nication between the cyst and the subarachnoid 
space that amounts to a one-way valve. As fluid 
enters, it subsequently is contained within the 
cavity and doesn’t leave by the way it entered [7, 
18, 40]. This mechanism is based on the identifi-
cation of a small opening, or diaphragm, seen in 
the arachnoid wall. This valve mechanism is 
based on the flow of CSF during a cardiac cycle 
and the relationship to the cranial and spinal 

compartments [6]. As mentioned by Schroeder 
and by Halani, there is a preponderance of inflow 
during the cardiac cycle but a blockage of back-
flow by certain neurovascular structures [45]. 
Magnetic resonance and endoscopic evidence of 
a pressure gradient have highlighted this key 
mechanistic pathway of cyst expansion [44]. 
Rohrer characterized the ball valve mechanism in 
the formation of an intraspinal AC [41, 42]. There 
are limitations to this hypothesis. First, the evi-
dence behind the mechanism is weak. This 
hypothesis is refuted in cases of cyst stability and 
regression. The strength of this mechanistic 
hypothesis was built based on suprasellar ACs. 
The arachnoid membrane seen above the basilar 
artery was responsible for the limited backflow of 
CSF from exiting a suprasellar cyst by that mem-
brane. This mechanism has not been universally 
accepted or demonstrated, which brings upon the 
other hypothesis of mention.

3.2  Secretory Effect of Arachnoid 
Lining and Presence 
of Choroid Plexus in some 
Cysts

In a 1984 analysis, Go studied middle fossa ACs 
where they observed a stark similarity to normal 
meningeal epithelium such as those found in sub-
dural and arachnoid granulations [14]. In 1986, 
the same group described sodium-potassium 
ATPase activity within the lining of AC epithe-
lium that would suggest an indication of secre-
tory action [15]. Helland analyzed the cellular 
lining of surgically excised ACs. They detected 
elevated levels of Na-K-Cl present on the AC 
cells, emphasizing that a secretory pathway was a 
key component of AC expansion [21, 22]. There 
are inherent limitations to this hypothesis. The 
major argument against this hypothesis is that 
cysts are most commonly stable in size and do 
not expand. Also, Basaldella et  al. studied to 
determine if there were aquaporin channels 
within the lining of the arachnoid membrane that 
would enhance the fluid shifts through the arach-
noid lining; however, they did not find aquaporin-
 1 channels were within the cystic wall [4].

Pathophysiology of Arachnoid Cysts
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On occasion in support of the presence of 
secretion as a source of AC expansion, there are 
several case reports of choroid plexus being pres-
ent in the AC during surgery [20, 46].

3.3  The Osmotic Gradient 
Between Intracystic 
and Extracystic Spaces

Although similar in much of its composition to 
CSF, AC cavity fluid may contain greater levels 
of protein. Sandberg described fluid collected 
from 54 pediatric patients who underwent crani-
otomy with fenestration. They compared the 
composition to expected values typically seen in 
CSF. Protein levels were significantly different 
as on average 37  mg/dl were measured com-
pared to the expected 25.6  mg/dl [43]. Some 
believe there is an osmotic gradient between the 
extracystic and the intracystic space that leads 
to the growth of an AC; however, this theory has 
been refuted by some as there are similarities in 
the composition to CSF [4]. There is some 
investigation into the cellular architecture of 
arachnoid membrane including granu+lation, 
which may shed light upon this hypothesis fur-
ther [23]. In support of this hypothesis, there are 
case reports of fenestration of ACs that have led 
to the development of hydrocephalus [32, 36, 
47]. There is much stronger evidence of osmotic 
gradients involved in the pathogenesis of hydro-
cephalus [27, 28].

4  Conclusion

The three pathophysiological mechanisms largely 
explain the variability in the processes behind AC 
pathogenesis. Rabiei et  al. further emphasized 
this complexity, as the histopathological study 
conducted demonstrated diverse characteristics 
present in the AC lining. Also, etiology may play 
a role in the pathogenesis and natural history of 
ACs, as seen by the varied progressions of cysts 
by patient age and even seen in head trauma 
patients [10].
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Arachnoid Cysts: Biochemistry

George W. Koutsouras, Justin Oh, 
and Satish Krishnamurthy

1  Introduction

Arachnoid cysts (ACs) are relatively common 
mass lesions, described as 1 to 3% of all mass 
lesions in the central nervous system [25, 40]. 
They are typically managed nonsurgically with 
serial observation. Younger patients with evi-
dence of hydrocephalus and elevated intracranial 
pressure are most likely to require surgical inter-
vention of these cysts [25]. They have also been 
hypothesized to be local regions of hydrocepha-
lus or with treatment the potential cause of hydro-
cephalus [19, 23, 26, 28, 37].

ACs tend to localize to regions of the normal 
subarachnoid cisterns but can be found within the 
cerebral ventricles [2, 10, 16]. They have clear 
relationship to the intra-arachnoid space, with 
similarities to normal arachnoid morphologi-
cally, but with differences compositionally to 
normal cerebrospinal fluid [11, 32]. Congenital, 
genetic syndrome and acquired etiologies have 
been described for ACs with the splitting of the 
arachnoid membrane as the starting point [4, 9]. 
Various studies published over the last several 
decades have aimed to describe the biochemical 
and structural composition of the AC fluid in a 
pursuit to uncover a pathophysiological under-

standing of these lesions. We will aim to describe 
that existent literature throughout the course of 
this chapter.

2  Pathophysiology

Slit valve, osmotic gradients, and secretory 
effect of AC lining are three mechanisms of AC 
growth and expansion [2]. The slit valve mecha-
nism is exemplary of a one-way valve communi-
cation between normal CSF spaces and the 
AC. The theory is explained by fluid being con-
tained within the cyst, without a reliable outflow 
system in place [15]. This theory has been iden-
tified via radiographic and surgical visualization. 
However, it has been refuted by others, as many 
ACs do not expand over time [33, 35]. Another 
theory is the presence of an osmotic gradient 
allowing for water transport through the cyst lin-
ing. This theory has been supported by morpho-
logical studies identifying junctional spaces 
throughout the cyst lining that allows for water 
transport through them [16, 17]. Lastly, a secre-
tory effect of the cyst lining has been studied, 
with expression of genes that are related to trans-
port such as the sodium-potassium-chloride 
transporter. This is further highlighted in the text 
below as there is good evidence to support this 
latter mechanism.G. W. Koutsouras (*) · J. Oh · S. Krishnamurthy 
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3  Biochemistry

Several authors have detailed the morphology of 
these lesions using various techniques, such as 
electron microscopy [27, 29, 30, 39]. Albeit lim-
ited, the current knowledge of AC lining compo-
sition and fluid composition highlights the 
underlying origins and pathogenesis of these 
lesions. It has been described that the arachnoid 
lining does not have the expected trabecular pro-
cesses of normal arachnoid and of hyperplastic 
arachnoid cells in the AC lining [13, 29]. This 
hyperplasia may be a result of pressure on the 
cyst wall as well as the presence of fibrous colla-
gen seen within the AC wall [8].

3.1  Arachnoid Cyst Fluid 
Composition

Earlier studies by Berle analyzed the composi-
tion of AC fluid and compared this to normal 
expected values of cerebrospinal fluid [7]. 
Majority of their patient’s composition was 
equivalent, except for the electrolyte phosphate 
content in the cyst fluid. They identified a signifi-
cant difference in total quantity of protein and a 
reduction in ferritin and lactate dehydrogenase 
(LDH). In a study by Takahashi completed years 
prior to this last article mentioned, of cystic brain 
tumors, included at that time as AC, biochemical 
analyses were performed. Their aim was to ana-
lyze LDH and cyclic nucleotides, but also total 
protein. In their analyses, they identified less pro-
tein, less lipid content, and less cyclic nucleotide 
than other brain tumors and a downward trend in 
LDH in ACs compared to other brain tumors. In 
that analysis, LDH quantity correlated well with 
the degree of malignancy [38]. Similar to Berle, 
another case report of a tension temporal fossa 
AC identified on biochemical analysis protein 
level of 27 mg/dl which is similar to normal CSF 
quantities [3].

Understanding the chemical properties of 
AC fluid but in children, Sandberg sampled 54 
pediatric patients and identified an increase in 
total protein levels compared to expected CSF 
[32]. Electrolyte composition was roughly sim-

ilar. Regenchary also described similarities in 
AC fluid protein, electrolyte composition, and 
glucose composition to CSF [29]. Berle et  al. 
utilized quantitative proteomics and identified a 
stark similarity of cyst fluid and CSF showing 
similar protein homogeneity [6]. In another 
study, further analysis, the same author further 
quantified a total of 348 proteins within AC 
fluid from pooled samples and compared this to 
normal cerebrospinal fluid [5]. They identified 
22 proteins that were significantly higher in 
quantity in AC samples compared to CSF sam-
ples. Proteins included carbonic anhydrase 1 
(CA-1), alpha-1 antitrypsin, hemoglobin, and 
fibrinogen. They did identify CA-1 and hemo-
globin may be because of a contaminant in 
sampling [6]. Additional studies support the 
similarities in composition of AC fluid and CSF 
by the presence of choroid plexus within ACs 
[20, 36].

3.2  Arachnoid Cyst Lining

In 2014, Rabiei used electron microscopy to ana-
lyze AC lining in 24 patients with symptomatic 
ACs who had underwent fenestration surgery 
(Fig. 1). Half of the sampled cyst walls had simi-
lar morphology to the normal arachnoid menin-
geal layer. Other samples had dense fibrous 
components, and others had numerous microvilli 
and/or cilia components (Fig. 2) [27]. In earlier 
studies, Holman obtained AC membranes of 
in  vitro autopsy samples [18]. They used cyto-
chemical methods to understand the expression 
of cytoskeletal and junctional proteins. Arachnoid 
cells expressed vimentin, a key cytoskeletal pro-
tein, but also had high expression of key junc-
tional proteins such as gap junctions, 
desmosomes, and tight junctions. Going back to 
Go’s study in 1978 using electron microscopy, 
they proposed an active transport mechanism 
through arachnoid cell lining. They identified key 
organelles and vesicles involved in key transport 
mechanisms [13]. In later studies, this author 
demonstrated similar findings, but also microvilli 
on the arachnoid luminal surface on electron 
microscopy and sodium potassium ATPase in the 
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Fig. 1 Light microscopic overviews of 1-μm section of 
cyst walls. Left to right: arachnoid, fibrous, and aberrant 
types, the latter with ciliated epithelium. Cyst lumen top, 

dural side below, Richardson’s stain, all scale 
bars  =  200 μm. (Copyright to Rabiel et  al. [27] https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC4078003/)

a

b

c

d

Fig. 2 EM findings on arachnoid and fibrous cysts. TEM 
of dural aspects of AC (a) and fibrous cyst (b); SEM of 
luminal surface of AC (c) and of fibrous cyst (d). A typical 
arachnoid organization is seen in (a) with highly complex 
cellular extensions in whorls encircling wide intercellular 
spaces. In (b), only a single extremely attenuated cell cov-

ers a matrix rich in collagen and ground substance. In (c) 
and (d), scattered microvilli are seen as bright spots. The 
luminal surface epithelium is smooth in (c), more irregu-
lar with some overlapping or desquamating cells in (d). 
(Copyright to Rabiel et al. [27] https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC4078003/)

AC plasma membranes using cytochemistry [12, 
14]. These findings support the secretory role of 
ACs in the natural history of AC.

Motivated to understand pathogenesis, 
Helland et al. aimed to study the genomic expres-

sion within of AC tissue [17]. Eighteen patients 
with temporal ACs underwent surgical fenestra-
tion, and cyst lining was sampled with DNA/
RNA extraction performed. The key finding was 
the upregulation of NKCC1 gene which 
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expresses sodium-potassium-chloride cotrans-
porter and presence of NKCC on plasma mem-
branes of AC lining using electron microscopy. 
This gene is known to promote transport of water 
across membranes. They and others may link 
NKCC expression with increased prevalence of 
ACs in patients with autosomal polycystic kid-
ney diseases, which is a known risk factor for AC 
[21, 24, 31]. For example, one large cohort of 
patients with ADPKD identified 8% of patients 
with ACs [34]. The expression of NKCC1 may 
support original studies by Go et al. that exem-
plified in the 1980s secretory effects of the cyst 
lining [12, 14].

Li et  al. aimed to characterize the extent a 
marker of neuronal migration regulation has on 
the pathophysiology of AC, ELP4, using 
genomic analysis [22]. They demonstrated an 
association with ELP4 and development of AC 
in 85 patients with ACs compared to healthy 
controls. They concluded that not only did poly-
morphisms within ELP4 may influence develop-
ment of an AC but also additionally it increased 
levels of proinflammatory markers, tumor 
necrosis factor- a and interleukin-1b. Other stud-
ies have aimed to identify several genomic dif-
ferences within intracranial ACs and arachnoid 
membrane; however, further evidence is neces-
sary to identify the relationship with the natural 
history of these lesions [1].

4  Conclusion

The biochemical and physical properties of ACs 
are key to understanding the pathophysiological 
mechanisms and natural history of ACs. It is clear 
from the review that there are differences between 
the AC fluid and the cerebrospinal fluid with ele-
vated proteins and phosphates. Further studies 
are imperative to delineate these changes in the 
AC fluid and how these chemical compositions 
play a role in their growth and becoming symp-
tomatic. These lesions have variable phenotypes 
with variable patient tolerance to their presence.
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Part II

Epidemiology of Arachnoid Cysts

 Editor’s Summary

In this “Part II: Epidemiology of Arachnoid Cysts,” there are a total of 
seven chapters describing the epidemiology of arachnoid cysts (ACs) in 
depth. Beginning with the incidence of ACs, Part II will then delve into the 
genetics associated with the development of these neurological entities. A 
description of the natural history of what happens to these lesions over 
time will precede a discussion of where they are located within the central 
nervous system, including the middle cranial fossa and sylvian fissure, 
interhemispheric fissure, convexity surface, quadrigeminal plate, 
infratentorial–cerebellopontine angle or retrocerebellar spaces, suprasellar 
cistern, cavum velum interpositum, and spinal extradural or intradural 
locations. A manner of classifying the different types of ACs, congenital or 
acquired, is discussed in Chap. 11. Although usually considered avascular 
collections, occasionally intracranial hemorrhage (spontaneous subdural 
or intracystic) can be associated with ACs as is described in the next 
chapter of the text. The unusual occurrence of spontaneous disappearance 
of ACs as an interesting phenomenon is discussed in the last chapter of 
Part II which is devoted to their epidemiology.
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Incidence of Arachnoid Cysts

Emrullah Cem Kesilmez and Kasım Zafer Yüksel

1  Introduction

Arachnoid cysts (ACs) are benign, nonneoplas-
tic, and congenital cystic fluid collections that 
develop within the arachnoid membrane of the 
cerebral cortex [1, 2, 13, 18]. The contents of 
these cysts are mostly similar to the clear and col-
orless nature of the cerebrospinal fluid (CSF). 
ACs are congenital lesions that typically form in 
the meninges owing to congenital developmental 
disorders. In some cases, ACs also present as 
lesions acquired as a result of post-inflammatory 
accumulation of CSF in the subarachnoid space 
after intracranial bleeding or head trauma [6]. 
Most ACs may not even present with symptoms 
throughout patients’ lives. In some patients, ACs 
can grow, destroy bones, and lead to parenchy-
mal changes [5, 7, 11, 30].

However, information related to the main 
developmental anomaly associated with the for-
mation of ACs is lacking. Hypotheses raised to 
explain how ACs form include the following: 
they are caused by formative defects in the prim-
itive mesenchyme that forms the outer layer of 
the arachnoid membrane and the dura, or they 
are caused by the abnormal flowing of the CSF 
that forms the subarachnoid space in the early 

phase during embryogenesis [27]. ACs are also 
encountered in a wide range of varying loca-
tions. A vast majority (i.e., 66%) are detected in 
the middle fossa, and 17% are encountered in the 
posterior fossa, followed by the frontal fossa, the 
cerebral convexity, the suprasellar region, inter-
hemispheric fissure, and the quadrigeminal cis-
tern [40].

ACs may also be encountered with varying 
clinical presentations. The symptoms that most 
symptomatic pediatric ACs display are similar to 
the space-occupying lesions that occur during 
childhood. Clinical presentations such as macro-
cephaly, headache, hydrocephalus, intracranial 
hypertension, and growth retardation indicate 
that the ACs causing these symptoms require 
treatment [2, 28].

In adults, the most common symptom in 
patients with an AC is headache. In addition to 
headache, ACs might also lead to vertigo, hearing 
loss, ataxia, seizures, and hydrocephalus [1]. 
Patients with ACs might also be susceptible to 
intracranial bleeding after trauma [33]. Computed 
tomography (CT) and magnetic resonance imag-
ing (MRI) methods can be used for imaging and 
visualization of the ACs. Additionally, ultraso-
nography (US) can help easily identify intrauter-
ine or neonatal ACs. Noncontrast CT is usually 
useful enough to distinguish the AC from other 
cystic lesions that patients can have. CT ventricu-
lography, CT cisternography, cystography, or ven-
triculography can be used to evaluate the 
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connection between the cyst and the basal cisterns 
and the subarachnoid space [10, 14, 15].

Clinicians often tend to prefer the conserva-
tive approach to treat ACs. Owing to the fact that 
there are asymptomatic patients who are inci-
dentally diagnosed with ACs when undergoing 
imaging procedures to investigate their central 
nervous system for other reasons, it is evident 
that the incidence rate of ACs is much higher 
than what is currently known. Symptoms are 
important in deciding the treatment that needs to 
be  administered to manage ACs. In cases that 
present with the most common symptom, i.e., 
headache, it is very difficult to confirm that the 
cause of this headache is the AC, which conse-
quently makes it difficult to decide on the treat-
ment. Since headache is a common medical 
complaint that patients report, the presence of 
headache alone will not make it less complicated 
to treat such patients for symptomatic ACs. 
Therefore, it is exceedingly important to thor-
oughly examine and evaluate the patients for 
their neurological and psychiatric history when 
diagnosing and examining patients with ACs 
[23, 32].

Clinicians tend to opt for surgical treatment of 
the ACs owing to the fact that they have observed 
postoperative improvement in a number of symp-
toms such as intracranial hypertension [8, 25]. 
The common surgical approaches employed 
include microsurgical resection, cystoperitoneal 
shunting, and endoscopic fenestration. Studies in 
pediatric patients show that the outcomes of all of 
these three surgical techniques are quite similar 
to each other in terms of quality of life [3].

This section provides information in reference 
to the studies focusing on the incidence and prev-
alence of ACs.

2  Incidence of Arachnoid Cysts

The prevalence and natural course of ACs are 
not well defined in children and adults. Owing 
to the increased use of MRI and CT, there has 

been an increase in the number of cases of ACs 
that are incidentally diagnosed [20, 21, 25, 37, 
38]. In addition, the presence of an AC can be 
detected with prenatal US imaging [12, 22]. In 
some studies, there are also reports of newly 
formed ACs that shrink or disappear [26, 29, 
31, 32, 34, 36, 39]. Some authors conducted 
their studies to reveal the prevalence of ACs. 
Such studies report varying rates for children 
and adults. The prevalence of ACs in adults is 
reportedly between 0.2% and 1.7% [4, 9, 20, 
21, 38]. As an example of the studies focusing 
on children, the study where Kim et al. studied 
225 MRI images reported that 3 cases were 
diagnosed with ACs (1.3%) [21]. In a study by 
Katzman et al., a group of 1600 asymptomatic 
patients including pediatric and adult cases 
were evaluated based on their MRIs, and only 3 
ACs (0.3%) were detected [20]. Furthermore, 
in other studies, the prevalence of ACs appeared 
to be higher in men [17, 19, 28, 35, 40]. 
Additionally, these studies have revealed that 
ACs are mostly encountered in the middle fossa 
[10, 16, 19, 24, 28, 38, 40]. In their study, 
Al-Holou et  al. studied the MRI images of 
11,738 pediatric patients and detected 309 ACs. 
The prevalence in the referred study was calcu-
lated as 2.6% [2]. According to the same study, 
with an incidence rate of 1.8%, men have a 
higher incidence of ACs. Additionally, ACs 
were found to have been localized to the middle 
fossa and the left side, again in the same study 
by Al-Holou et  al. In another study wherein 
Al-Holou et  al. studied a patient group aged 
≥19  years, 48,417 MRIs were evaluated, and 
696 ACs were detected. According to this study, 
the reported prevalence of the ACs was 1.4% 
[1].

In smaller-scale studies, the prevalence of ACs 
was reported to be between 0.3% and 1% [20, 
37]. In a study wherein Weber et al. included sol-
diers aged ≥17, the researchers investigated 2536 
MRIs and detected 43 ACs; the prevalence rate 
reported was 1.7% [38].
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3  Conclusion

It is a well-known fact that the number of cases 
diagnosed with ACs increases with the increased 
variety of the current imaging methods. However, 
it should also be emphasized that each patient is 
particular as to the nature of the cyst detected and 
whether the case is symptomatic or asymptom-
atic and therefore should be evaluated individu-
ally while deciding on the follow-up and 
treatment procedures to be administered for that 
specific patient. Therefore, further studies with 
larger populations that focus on the incidence 
rates of ACs are needed.
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Genetics of Arachnoid Cysts

Adithi Randeni, Sydney Colvin, 
and Satish Krishnamurthy

1  Introduction

Arachnoid cysts (ACs) are cerebrospinal fluid- 
filled sacs that are enclosed by the arachnoid 
membrane [103, 142]. ACs have a prevalence 
[52] of 1.2% in the general population [138]. 
Men are more commonly affected than women 
[138, 141]. ACs are found in multiple locations of 
the brain and spinal cord; however, most are 
found in the middle cranial fossa and the retro-
cerebellar fossa [2]. Other frequent locations are 
the suprasellar and quadrigeminal cisterns, the 
posterior fossa, and the convexity [2, 8]. Spinal 
intradural ACs are rare [23]. When they do occur, 
anterior spinal ACs of idiopathic origins are 
found mostly in the cervical spine, and posterior 
spinal ACs are found mostly in the thoracic and 
thoracolumbar spine [23].

ACs are primarily asymptomatic but can 
present with clinical findings [141]. Intracranial 
abnormalities associated with ACs are more 
common than extracranial abnormalities [8]. 

Intracranial abnormalities commonly associ-
ated with ACs include ventriculomegaly, corpus 
callosum abnormality (agenesis or absence), 
microcephaly, hydrocephalus, and mass effect 
on adjacent structures [8, 143]. With many of 
these associated abnormalities such as ventricu-
lomegaly, it is unclear whether the AC caused 
the abnormality or if ACs are a consequence of 
the abnormality [143]. Further, it is possible that 
the abnormality is totally unrelated to the AC and 
that the AC and the abnormality arose because 
of a third external factor. Less frequently found 
complications of ACs include chronic subdural 
hematomas (CSDH) [141]. These are common in 
younger patients and individuals who have had 
recent head trauma [141]. Neurological symp-
toms of ACs are more commonly found in spi-
nal ACs and usually affect motor function [21]. 
These can include progressive paraparesis or 
quadriparesis [21]. In the pediatric population, 
spinal ACs usually present with motor deficits 
[22]. Other nonspecific clinical features of all 
ACs include headache, seizures, vomiting, paral-
ysis, and spasms [52].

In addition to the clinical findings attributed to 
ACs, there are also syndromes associated with 
ACs. These include glutaric aciduria type I (GA- 
I) [75] and Proteus syndrome [4] among others. 
Whether ACs are truly an integral part of these 
syndromes or whether they are incidental find-
ings will be discussed.

The development of ACs is poorly understood, 
but there have been genes that are proposed to 
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have an impact on the formation of ACs. These 
include the KAL1 gene on chromosome Xp22.3 
[77] and CHD7 on 8q21.1 [77]. Some of these 
genes such as the KAL1 gene are indirectly asso-
ciated with ACs due to the role they play in a syn-
drome (Kallmann syndrome) that is thought to be 
linked to ACs [77]. This chapter will introduce 
and discuss some of these common genes.

2  Method

Prior to the compilation of this chapter, we con-
ducted an extensive literature review using 
PubMed. We looked at papers discussing the 
pathogenesis of ACs, the genetics of ACs, and the 
syndromes associated with ACs. The results were 
then filtered to look at the systematic reviews and 
the review articles. We also specifically explored 
the link between ACs and hydrocephalus. The 
reason for this is that there is more written about 
the pathogenesis of hydrocephalus than that of 
ACs and the two seem to be related via the 
syndromes.

3  Pathophysiology of ACs

Multiple theories have been suggested in the past 
regarding the congenital formation of ACs. One 
theory is that the arachnoid membrane either 
duplicates, splits, or tears and CSF is forced 
through this defect by arterial pulsations [8]. The 
manner in which these defects arise has not been 
specified, and it is unclear if there are other fac-
tors, e.g., thinning of the membrane, that make 
ACs more likely in some individuals [8].

Another hypothesis is that defects are present 
in the arachnoid membrane and the cyst expands 
due to one of two reasons. Either choroid plexus- 
like tissue within the cyst produces CSF, or a ball 
and valve mechanism allows CSF to flow into 
and become trapped in the cyst [143]. Hamada 
et al. showed that there was choroid plexus tissue 
present in a 7-month-old patient whose cyst re- 
enlarged after resection [46]. Singleton et al. also 
found ectopic choroid plexus tissue in a 26-year- 
old patient who had an AC in her cerebellopon-
tine angle [122]. Both of these case reports, 

however, concede that the presence of choroid 
plexus tissue within the AC is a rare finding. So, 
in these cases, the ACs may still be incidental 
findings [46, 122].

The causes of spinal intradural ACs can be 
idiopathic, traumatic, posthemorrhagic, or post- 
inflammatory [23]. However, the spinal intradu-
ral ACs may form in the same manner as other 
ACs (ball-valve mechanism, etc.) but remain 
asymptomatic. They only become symptomatic 
and detectable when there is trauma or inflamma-
tion and thus leads to the impression that the cyst 
arose because of trauma or inflammation [23].

Kouyialis et al.’s theory supports the posttrau-
matic and post-inflammatory causes of AC for-
mation [65]. Leptomeningeal inflammation can 
cause adhesive arachnoiditis with impaired CSF 
dynamics and loculation that can cause the cysts 
to form [65]. Then a ball-valve mechanism can 
cause the AC to increase in size until it becomes 
symptomatic [65].

Dr. Evangelou, a Neurology Professor at the 
University of Nottingham [1], and his team’s 
findings support the Kuhlendahl theory for the 
formation of ACs [23]. Kuhlendahl proposed that 
a vent-like CSF flow obstruction caused by 
arachnoid trabeculae in the spinal canal can be 
asymptomatic for long periods of time. A patho-
logical process, e.g., inflammation or trauma, can 
increase the flow of CSF into the previously 
existing cyst leading to a pressure gradient devel-
opment [23]. The gradient would allow CSF to 
flow into the cyst freely but not out and hence 
result in enlargement of the cyst [23, 44]. 
Although obstruction is discussed, it is still 
unclear exactly how to understand the mecha-
nisms that draw water into the cyst in light of Dr. 
Grzybowski’s findings [37].

Grzybowski did work on in  vitro models 
and showed that the entire arachnoid mem-
brane absorbs CSF. This would provide a much 
larger surface area for CSF absorption [37]. 
Further, Dr. Grzybowski found that the mem-
brane absorbs more CSF than the granulations 
[61]. It was argued that the in  vitro models 
would not be accurate as cell adhesion would 
not be present, but Dr. Grzybowski demon-
strated that the tight junctions are preserved in 
the in vitro models [50].
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There is insufficient evidence to prove or dis-
prove these hypotheses. Furthermore, these theo-
ries explain how ACs expand, but do not explore 
how the defect in the arachnoid membrane 
formed. To explore this, we need to look at the 
syndromes and genes associated with ACs.

One hypothesis for the formation of ACs is given 
by Demir et al. [19]. They propose that the perimed-
ullary mesh (endomeninx), which is a precursor to 
the pia and arachnoid mater, splits and duplicates 
anomalously during week 15 of gestation which is 
when CSF escapes into the layers of the mesh fol-
lowing rupture of the rhombic roof [19].

4  Syndromes Associated 
with ACs

4.1  Glutaric Aciduria Type 1 
(GA-1)

This is an autosomal recessive inborn error of 
metabolism [75]. A deficiency in glutaryl-CoA 
dehydrogenase enzyme results in motor symptoms 
such as dystonia and psychomotor delay due to an 
inability to catabolize lysine, hydroxylysine, and 
tryptophan [75]. Macrocephaly, dystonia, and the 
presence of bilateral temporal ACs are considered 
diagnostic of GA-1 [72, 75, 115]. However, there 
is no clear indication of whether the ACs are 
directly linked to the syndrome as treating the 
cysts did not relieve the symptoms [75]. The sever-
ity of the symptoms has been found to be directly 
linked to the degree of enlargement of the fissures 
in the bilateral frontotemporal region around the 
Sylvian fissures [3, 57, 72]. There can be variation 
in the presentation of clinical symptoms both 
between and within families [26].

In a regional neurosurgical department, a total 
of 147 patients with ACs were found in a popula-
tion of 890,000 [10, 15, 131, 134]. Of these, only 
two patients presented with GA-1. So, there was 
a 1.3% prevalence of ACs and GA-1  in the 
population.

There is a lot of cerebral damage associated 
with GA-1, and one explanation for this is that 
there is a direct effect of glutaric acid (or another 
related metabolite) on the neurons [75]. Another 
explanation is that the symptoms are caused by 

the deposition of l-carnitine in the cerebral tissue 
[75]. Either way, the loss of neurons, especially 
in the caudate and the putamen, results in reduced 
levels of GABA in the brain and CSF [57, 75].

Hald et al. posed an explanation as to how ACs 
might arise in patients with GA-1. The rapid fron-
totemporal atrophy would lead to changes in CSF 
dynamics and cause fluid accumulation [45]. If 
these changes took place during the folding of the 
neural tube, then it can result in anomalous split-
ting of the arachnoid layers resulting in true ACs 
[45]. Alabedeen et al. found that in GA-1 the loca-
tion of the ACs aligns with the areas of the brain 
that are predisposed to atrophy (i.e., the fronto-
temporal region) [57]. This paper argued that the 
arachnoid membrane might split due to loss of 
brain tissue in the surrounding areas and not due 
to the enzyme imbalances brought about by GA-1 
[57]. Other papers in the literature support this 
hypothesis [3, 72]. An alternative theory is that 
the atrophy and chronic subdural effusion might 
be caused by the 3-OHGA affecting endothelial 
structures in the brain during development and 
resulting in vascular dysfunction [26].

While the paper by Martinez-Lage et al. [45] 
discusses how ACs are a part of the GA-1 syn-
drome, Serarslan et al. and other papers explore 
how bitemporal ACs and macrocephaly can occur 
in the absence of GA-1 [57, 118]. GA-1 is diag-
nosed by the detection of a high concentration of 
glutaric acid in the urine and a low plasma creati-
nine level [118]. There were patients present with 
bilateral ACs and no diagnosis of GA-1 [72, 118]. 
Thus, ACs can occur for many reasons, but they 
are commonly associated with GA-1. If they are 
found either on scans, especially alongside mac-
rocephaly and dystonia, doctors should consider 
GA-1 as a differential diagnosis [45, 72, 118]. 
This is extremely important because even simple 
surgical procedures can be dangerous in children 
with GA-1 [72]. Surgery would induce a cata-
bolic state in the patient and result in worsening 
of the metabolic disease.

4.2  Aicardi Syndrome

The syndrome is an X-linked dominant condition 
characterized by infantile spasms, chorioretinal 

Genetics of Arachnoid Cysts



62

lacunae, and agenesis of the corpus callosum 
(either complete or partial) [16, 42, 144, 149]. 
Here, it is worth noting that ACs are also strongly 
associated with agenesis of the corpus callosum 
[8, 143], so it is possible that AC formation is 
linked to Aicardi syndrome. However, due to the 
rarity of the syndrome itself, it is hard to con-
clude this.

Aicardi syndrome has an estimated incidence 
of 1:105,000 live births in the United States as of 
2009 [149], and the prevalence is thought to be 
higher than reported with an estimated survival 
rate of 62% at 27 years of age [149].

Yuksel et al. present the case of a female infant 
with Aicardi syndrome and an AC [144]. They 
state that these are rare additional findings of the 
syndrome [144] and there has been a total of nine 
other examples of Aicardi syndrome with ACs in 
the literature. Barkovich et  al.’s case series 
describes five patients who all presented with 
Aicardi syndrome, but not a single one had an AC 
[6]. Lee et al.’s findings were also similar to those 
of Barkovich [68]. Thus, ACs are not always 
associated with Aicardi syndrome and may be a 
coincidental finding.

Interestingly, Mohammad et al. found a mid-
line AC in a male patient with the 47,XXY 
karyotype and state that cysts in the interhemi-
spheric fissure are a common (but less empha-
sized) feature of Aicardi syndrome [149]. 
Another paper had similar findings [16]. So, 
while cysts of any nature are common, it is 
uncommon to find ACs specifically in patients 
with Aicardi syndrome. This conclusion is, how-
ever, unverified as there is limited histological 
information about the cysts [149].

Aicardi himself re-evaluated the syndrome 
and stated that corpus callosum agenesis is not 
the sole hallmark of the disease and is not 
needed to diagnose the condition if other abnor-
malities such as cysts were present [55]. Further, 
the presence of intracranial cysts may indicate 
some other abnormalities and warrant further 
investigation (e.g., a fetal MRI) [16]. The find-
ings are important to neurosurgeons consulting 
parents whose fetus has been diagnosed with a 
cyst due to the impact it would have on progno-
sis [16].

4.3  Sturge-Weber Syndrome

Sturge-Weber syndrome is a neurocutaneous syn-
drome characterized by a facial port-wine stain and 
hemiparesis among other symptoms [24]. Epilepsy 
is an essential feature for the diagnosis of this syn-
drome which encompasses vascular malformations 
of the brain, skin, and eyes [24]. Of note, GA-1, 
Proteus, and PHACE syndrome, which are well 
associated with ACs, are also accompanied by vas-
cular dysfunction. Hence, it may be vascular dys-
function that is causing the formation of ACs.

We identified one paper that described Sturge- 
Weber syndrome with an AC in a 2-year-old boy 
[24]. Therefore, it could be that ACs are associ-
ated with the syndrome, but it is hard to tell 
because the syndrome itself is so rare.

4.4  Trigeminal Neuralgia

Trigeminal neuralgia usually presents with par-
oxysmal lancinating pain in the distributions of 
the trigeminal nerve and its branches [136]. It can 
be idiopathic, or it can be caused by compression 
of the nerve [136]. In the idiopathic cases, demy-
elination of the trigeminal nerve root has been 
shown, and the ignition hypothesis proposes that 
light touch can be interpreted as pain by the nerve 
due to demyelination between nerve fibers that 
carry pain and those that carry light touch [136]. 
Vascular compression is recognized as the most 
common cause of trigeminal neuralgia, but there 
have been multiple cases of ACs in various parts 
of the brain also causing the syndrome [5, 27].

Several papers have reported trigeminal neural-
gia being caused by an AC compressing the nerve 
[97, 136]. Kouyialis et  al. report a 55-year- old 
female patient who experienced pain recurrence 
after vascular decompression for trigeminal neu-
ralgia [65]. They proposed that direct compression 
of the nerve or arterial pulsation through a cyst 
may have caused the pain [65]. Excision of the AC 
relieved the patient’s symptoms, and so it was felt 
that the cyst was the cause of the recurrence [65]. 
Other papers have also reported cases in which the 
pain has been relieved either  following the surgical 
excision of ACs [39, 47, 107, 126, 135, 145] or 

A. Randeni et al.



63

following medical therapy [38, 40]. Medical relief 
was most commonly employed when the AC was 
in Meckel’s cave and eroding the greater wing of 
the sphenoid bone [38, 40].

One paper presented a case where the patient 
had trigeminal neuralgia and an AC in Meckel’s 
cave. However, her symptoms improved despite 
the cyst remaining unchanged in size and loca-
tion [9]. Thus, it is not only the location of the 
AC, but its size that impacts its ability to com-
press the nerve and cause trigeminal neuralgia.

There is a very strong association between 
ACs and trigeminal neuralgia. However, the AC 
was not a symptom of the syndrome but a cause.

5  Other Syndromes Associated 
with ACs

There are syndromes linked to ACs by one or two 
cases. These are listed in Table 1.

We did not explore these further as we feel 
that they were incidental findings.

6  Genetics of ACs

There have been multiple genes that have been 
thought to be associated with ACs. Many papers 
in the literature discuss autosomal dominant 
polycystic kidney disease (ADPKD) and ACs. In 
ADPKD, cysts are found in the kidneys, pan-
creas, seminal vesicles, and arachnoid membrane 
[48]. Arachnoid membrane cysts are present in 
8% of affected individuals and are mostly asymp-
tomatic [48]. This is a large proportion given the 
incidence of ACs in the general population is 
1.2% [138]. Table 2 lists some of the main genes 
involved in ADPKD.

It is unclear how the proteins are involved in 
the genesis or sustenance of the AC or how these 
defects in protein synthesis relate to CSF flow. In 
the case of PKD1 and PKD2, it is thought that the 
disruption to the protein’s signaling function 
within the cell and in primary cilia leads to cells 
growing and dividing abnormally, causing cysts 
to develop [91, 92].

Kallmann syndrome is also linked to ACs. It is 
hypothesized that the syndrome is caused by a 
defect in the migration of GnRH-1 neurons due 
to abnormal development of olfactory nerves and 
bulbs and absence of adhesion proteins [77]. This 
defect in the neurodevelopmental pathway might 
contribute to the development of ACs. Table  3 
lists some of the genes commonly found in this 
syndrome and hence may be linked to AC 
formation.

Table 1 Other syndromes associated with arachnoid 
cysts

Name of syndrome
Kallmann Syndrome [41, 42]
Oculo-ectodermal syndrome [43]
Empty Sella Syndrome [44, 45]
PHACE Syndrome[28]
Brown-Sequard syndrome [46–50]
Proteus Syndrome [25]
Chudley McCullough syndrome [51, 52]
Neurocutaneous melanosis [53]
Dandy-Walker Syndrome [54, 55]
Bobble-Head syndrome [56–59]
Usher Syndrome [29]
Encephalocraniocutaneous syndrome [60]
Kernohan-Woltman Notch Phenomenon [61]
Organoid Nervous syndrome [62]
Kosaki Overgrowth syndrome [62]
Septo-optic Dysplasia [63]
Sjogren syndrome [64]
Precocious puberty [65]
Kabuki Syndrome [30, 31]
Epidermal Naevus syndrome [66]
Oro-Facio-Digital syndrome Type 1[67]
Other syndromes [68–86]

Table 2 Main genes involved in ADPKD

Name of 
gene [95]

Location of gene 
on chromosome 
[95]

Function of the gene 
[96–99]

PKD1 16p13.3 •  Impact protein 
folding, assembly, 
trafficking and 
degradation

PKD2 4q21-23
GANAB 11q12.3
DNAJB11 3q27.3
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Table 3 Genes found in Kallmann syndrome

Name of gene [8]
Location of gene on 
chromosome [8] Function of gene [8]

KAL1 Xp22.3 •  Encodes for an extracellular glycoprotein called 
anosmin-1 that promotes migration of GnRH secreting 
neurons from the olfactory bulbs to the hypothalamus

•  X-linked transmitted and found in 10% of patients
CCDC141 2q31.2 •  Similar role to KAL1 in regulation of GnRH
Fibroblast growth factor 
receptor-1 (FGFR1 or KAL2)

8q11.2-12 •  Accounts for 10% of all cases of Kallmann syndrome

Prokinetic receptor-2 
(PROKR2)

20p12.3 •  Account for a further 20% - 30% of all cases of 
Kallmann syndrome

Prokinetin-2 (PROk2) 13p21.2
Chromodomain helicase DNA 
binding protein 7 (CHD7)

8q12.2

Fibroblast growth factor 8 
(FGFS)

10q24

Long-term epilepsy-associated tumors 
(LEAT) have also been associated with the for-
mation of ACs [124]. LEAT includes 
 gangliogliomas (GG), dysembryoplastic neuro-
epithelial tumors (DNT), papillary glioneuronal 
tumors (PGNT), and adenoid cystic carcinomas 
[124]. Table 4 lists some of the genes commonly 
associated with LEAT entities.

While mutations in any of these genes could 
affect the proliferation of cells, it is uncertain 
how these mutations ultimately lead to the devel-
opment of ACs.

Oculopharyngeal dystrophy is another condi-
tion to which ACs are linked [73]. This syndrome 
is caused by repeat expansions in the PABP2 gene 
(Chr.14q11 in humans) [73] which produces a pro-
tein needed for polyadenylation [90]. It is hypoth-
esized that the extra alanine produced by the 
mutation clump up within muscles leading to loss 
of muscle function [90]. How this relates to AC 
formation is still unclear, and it is likely that this 
gene may not be related to AC formation [90].

One paper conducted a particularly interesting 
study that looked at the differences in gene 
expression between the normal arachnoid 
 membrane and the cyst membrane [87]. This 

paper found 9 (out of 33,096) genes that were dif-
ferent. These are listed in Table 5.

Of these genes ASGR1, SHROOM3, A2BP1, 
ATP10D, and TRIML1 may be the genes involved 
in AC formation. Other mutations could be coin-
cidental findings.

Another paper reported on intracranial ACs 
that showed an X-linked dominant inheritance 
pattern [24]. There were four family members 
who all presented with large, bilateral, symmetric 
middle fossa ACs [24]. They were all found to 
have a maternally inherited 720-kb duplication of 
the Xp22.2 chromosome that was not present in 
any of the unaffected family members [24]. This 
chromosome region includes the genes listed in 
Table 6.

Loss of function of MID1 and ARHGAP6 
were found due to breakpoints in the duplication 
[24]. Here, it seems that genes needed for appro-
priate disposal (or recycling) of proteins were 
important in the formation of ACs. The other two 
genes in the region may not be related to the for-
mation of ACs.

Tuberous sclerosis complex (TCS) is a condi-
tion caused by mutations in the TSC1 (on 
Chr.9q34 in humans) and TSC2 (on Chr.16p13.3 in 
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Table 4 Genes commonly associated with LEAT entities

Name of the gene 
[100]

Location of the gene on 
chromosome [100] Function of gene

BRAF V600E 7q34 •  Linked to GGs with CD34 expression [100]
•  Involved in protein trafficking as part of the RAS/MAPK 

signaling pathway that controls cell proliferation, 
differentiation, migration and apoptosis [101]

FGFR1 8p11.23 •  Linked to DNTs [100]
•  Makes a protein that is involved in proliferation and 

maturation of cells, wound healing and blood vessel 
formation [102]

•  Major role in the formation, survival and movement of 
nerve cells in several areas of the brain, particularly those 
secreting GnRH [102]

PRKCA 17q24.2 •  Linked to PGNTs [100]
•  Involved in cell growth [104]

FGFR2 10q26.13 •  Mutations have been recognized in common LEAT entities 
[100]

•  Makes a protein that is involved in proliferation and 
maturation of cells, wound healing and blood vessel 
formation [103]

•  Involved in bone growth [103]
MYB/L1 8q13.1 •  Mutations have been recognized in common LEAT entities 

[100]
•  Associated with the formation of adenoid cyst carcinoma 

[105]

Table 5 Differences in gene expression between the normal arachnoid membrane and the cyst membrane

Name of the gene [109]
Location of the gene on 
chromosome [109] Function of gene

ASGR1 17p13.1 •  Produces a transmembrane protein involved in 
transport of molecules in and out of the cell [110]

DPEP2 16q22.1 •  Involved in many pathways including the inflammatory 
pathway [111]

SOX9 17q24 •  Involved in skeletal development and sex 
determination [112]

SHROOM3 4q21.1 •  Involved in neural tube closure [113]
A2BP1 16p13.3 •  Important in neuronal development and can lead to 

benign epilepsy with centrotemporal spikes [114]
ATP10D 4p12 •  Needed for cellular transport of GlcCer from the outer 

to the inner leaflet of the plasma membrane [115]
TRIML1 4q35.2 •  Function is as of yet unclear[116]
NMU 4q12 •  Needed for muscle contraction in the GI tract [117]
BEND5 1p33 •  Acts as a transcriptional repressor [118]
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Table 6 Genes in the duplicated region of chromosome 
Xp22.2

Name of the 
gene [14]

Location of the 
gene on 
chromosome 
[14] Function of gene

MID1 Xp22.2 •  Involved in the 
recycling of PP2A, 
ITGA4 and STK36 
proteins by tagging 
them with ubiquitin 
[120]

HCCS •  Needed for ATP 
production and the 
apoptosis of cells 
[121]

AMELX •  Needed for enamel 
formation on the 
teeth [122]

ARHGAP6 •  Involved in cell 
motility and 
changes of cell 
morphology [123]

humans) genes that lead to over- activation of the 
mTOR pathway [11]. Patients with these muta-
tions have also been found to have ACs along with 
other clinical manifestations, and it seems that 
TSC2 mutations are more commonly associated 
with ACs than TSC1  in these individuals [11]. 
Both these genes are involved in cell growth and 
cell size control [95].

Papers have found a correlation between skull 
base meningiomas and middle cranial fossa ACs 
[128]. The specificity of the location of the condi-
tion indicates that local factors such as alterations 
in intracranial pressure, vascular occlusion, and 
localized release of bone growth factors might 
explain the pathology. IGF-1 (Chr.12q23.2), 
IGF-2 (Chr.11p15.5), and PDGF (Chr.22q13.1) 
are all involved in bone formation and growth 
(cell proliferation) [128].

ACs have been associated with syndromes 
such as spastic paraplegia which is caused by a 
mutation in the SPG4 gene [73]. The SPG4 gene 
(now called the SPAST gene) found on 
Chr.2p21-22 in humans has a role in the function-
ing of microtubules that allow transport of sub-
stances in and out of cells and in cell division 
[94]. This gene is particularly abundant in neu-
rons [94].

Sporadic SEDAC is thought to be caused by 
haplo-insufficiency of the HOXD4 gene [106]. 
HOXD4 is found on Chr.2q31-37 [106] and is 
important in determining the position of develop-
ing limb buds during embryological growth [32].

Patients with Edward’s syndrome have also 
been found to have ACs [8]. Karyotypes include 
47,XY,+18 and 47,X?,+18 [8]. The first karyo-
type also had severe developmental delay, and the 
second died neonatally [8].

Both a KAT6A de novo mutation (variant p.
P528S, coding DNA c.1582 C > T—likely patho-
genic variant) and an inherited USP9X X-linked 
mutation (variant p.E903G, coding DNA c.2708 
A  >  G—variant of uncertain significance) pre-
sented with posterior fossa ACs (PFAC) [41]. 
KAT6A (Chr.8p11.21) is needed to encode pro-
teins and is important in various parts of the body 
[104], and USP9X (Chr.Xp11.4) is important in 
chromosome alignment and segregation during 
centromere alignment in cell division [108].

The RERE gene (Chr.1p36.23) was found to 
have heterozygous missense mutations 
(c.2576C  >  T) in a 7-year-old and 6-year-old 
female human cousins. These patients also had 
intracranial ACs [137]. The RERE gene codes for 
a regulatory protein and is essential for the devel-
opment of the brain, eyes, inner ear, heart, and 
kidneys [93]. The WNT1 gene on Chr.12q13.12 
was also found in a patient with ACs [60]. This 
gene plays a role in the development of the 
embryonic brain and CNS [33]. Mutations in 
these genes may cause agenesis of brain struc-
tures, but there is not enough evidence to link this 
to the formation of ACs.

It has been found that lateral meningocele 
syndrome (LMS) is due to specific pathogenic 
variants in the last exon of the NOTCH3 gene 
(Chr.19p13.12) [12]. A paper discussed a patient 
who presented with this mutation and intradural 
and extradural ACs alongside other clinical pre-
sentations [12]. The NOTCH3 gene is important 
for the function and survival of vascular smooth 
muscle [89]. It is also thought to be necessary to 
maintain the blood vessels in the brain [89].

As discussed in the introduction, GA-1 is a 
metabolic disorder caused by a mutation in the 
GCDH gene at Chr.19p13 [127]. GA-1 has been 
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commonly associated with ACs in the literature 
[127]. The GCDH gene is needed for the break-
down of amino acids lysine, hydroxylysine, and 
tryptophan [88].

The PAPB2 gene on Chr.14 was linked to 
genetic myopathy, oculopharyngeal muscular 
dystrophy (OPMD), and ACs in a family [56]. 
This gene might play a role in the formation of 
ACs, but we cannot be sure how this association 
occurs.

Autosomal recessive missense Rotatin 
(RTTN) mutations at Chr.18q22.2 have been 
associated with ACs [13]. In one case study, a 
brain MRI showed extensive dysgyria associated 
with nodular heterotopia, large interhemispheric 
ACs, and corpus callosum hypoplasia [13]. The 
RTTN gene is needed for left-right specification 
and plays a role in the maintenance of normal 
ciliary structure [34]. We are unsure how this 
relates to AC formation, and further study is 
needed to understand the association between 
mutations in this gene and ACs.

Primary ciliary dyskinesia-related MCIDAS 
gene mutation is associated with AC formation 
[116]. The reduced generation of multiple motile 
cilia (RGMC) and mutation in the multicilin 
(MCIDAS) gene on Chr.5q11.2 have been linked 
to a high incidence of hydrocephalus, ACs, and 
CPH in MCIDAS-associated RGMC [116]. The 
gene is also required for centriole biogenesis 
[35]. Thus, like a few other genes mentioned, this 
gene is required for cilia formation and function. 
However, we are unsure how this relates to AC 
formation or expansion.

A rare heterozygous variant in the NID1 gene 
on Chr.1q42.3 was associated with autosomal 
dominant Dandy-Walker malformation and occip-
ital cephalocele (ADDWOC) [81]. The paper 
describes a three-generation family in which indi-
viduals presented with ACs in the proband and the 
proband’s maternal grandfather, an occipital ceph-
alocele in the proband and his brother, and a small 
bony defect in the proband’s mother [81]. This 
gene is related to pathways such as MET that pro-
mote cell motility and degradation of the extracel-
lular matrix [36]. However, there is no clear 
indication as to how this is associated with ACs.

A patient with a Col4A1 gene mutation 
(Chr.13q34) was also found to have an AC [18]. 
Col4A1 is needed to make one component of 
type IV collagen [85]. Type IV collagen is one of 
the main components of the basement mem-
branes in almost all the tissue in the body includ-
ing the blood vessels [85]. The basement 
membrane also plays a role in cell migration, 
proliferation, differentiation, and survival [85]. 
Mutations in this gene can lead to defects in the 
basement membrane of blood vessels and lead to 
impaired movement of electrolytes that may 
cause CSF flow to change. Igarashi et al. hypoth-
esize that since ACs and vascular smooth mus-
cles originate from mesenchymal cells that 
surround the neural tube, which also produce 
collagen for the extracellular matrix in cerebral 
vessels, both the vascular and mesenchymal 
structures may be forming at the same time [52]. 
Thus, the histogenesis of arachnoid and arterial 
layers may be involved at the same time [52], 
and defects in either or both may lead to the for-
mation of ACs.

Microdeletions on chromosomes, specifically 
Chr.22q13.31q13.33  in one case report and 
Chr.22q13 and Chr.22q11 in another case report, 
were found along with ACs [43]. Both patients 
were human females and had other clinical fea-
tures commonly associated with Phelan- 
McDermid syndrome (PMS) [43].

There are many other genes that are linked to 
ACs either through syndromes or via one or two 
cases in the literature. Table 7 summarizes these 
genes and their association with ACs.

In summary, genes associated with ACs can be 
grouped into four categories as shown in Fig. 1.

Given the lack of specific gene mutations 
associated with ACs, it is difficult to pinpoint 
which mutations are more impactful than others, 
and further research is needed to conclude if 
these genes are in fact related to the formation of 
ACs.

Some of these genes have been associated 
with hydrocephalus formation. For example, the 
primary ciliary dyskinesia-related MCIDAS gene 
mutation has been known to be found in patients 
with both ACs and hydrocephalus [35, 116].
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Table 7 Other genes associated with AC formation

Gene
Location on 
chromosome Function Association with arachnoid cysts

ZIC2 [124] 13q32.2 
[124]

•  Produces a transcription factor 
essential for the development of 
the forebrain [125]

•  A 9-month-old female patient 
presented with mild microcephaly, 
semilobar HPE and an AC alongside 
this mutation [124]

•  Mutations may be linked to 
agenesis of the corpus callosum 
[125]

•  Agenesis of the corpus callosum is 
strongly linked to the presentation of 
ACs [125]

SOX2 [140] 3q26.33 
[140]

•  Critical in the formation of many 
different tissues and organs 
during embryonic development, 
especially the eyes [146]

•  Found to be associated with an AC, 
microcornea, retrobulbar 
colobomatous orbital cyst and 
penoscrotal hypospadias in one paper 
[140]

•  It also acts as a transcription 
factor for other genes [146]

Oligophrenin-1 
(OPHN1) [142]

Xq12 [142] •  This gene is a Rho-GTPase 
activating protein [142]

•  One paper discussed a family with a 
mild developmental delay, behavioral 
disturbances, facial dysmorphism, pes 
planus, nystagmus, strabismus, 
epilepsy, and occipital AC alongside a 
mutation in this gene [142]

•  Involved in intracellular signal 
transduction which affects cell 
migration and cell morphogenesis 
[147]

Frataxin [144] 9q21.11 
[144]

•  Frataxin is found in the 
mitochondria and its role is not 
well understood but it is thought 
to be needed to assemble clusters 
of iron and sulfur molecules 
needed for the function of many 
proteins and for energy 
production within the cell [148]

•  A paper discusses 2 patients with a 
GAA repeat expansions mutation in 
this gene who also have ACs [144]

•  This GAA repeat expansions mutation 
in this gene is also lined to Friedreich 
ataxia (FRDA) and cerebral lesions 
and demyelinating neuropathy [144]

SLC12A2 [130] 5q23 [130] •  Codes for the NKCC1 protein 
which is needed for the Na+/
K+/2CL-cotransporter [130]

•  This gene is significantly upregulated 
in ACs [130]

•  It is important for fluid transport 
[130]

•  Upregulation may explain why CSF 
dynamics can be abnormal (and lead 
to AC expansion due to CSF 
accumulation) [130]

ATP1A3 [141] 19q13.2 
[141]

•  Needed to make one part of a 
protein known as Na+/K+ ATPase 
(sodium pump) [146]

•  This mutation was found alongside a 
right temporal AC [141]
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Table 7 (continued)

Gene
Location on 
chromosome Function Association with arachnoid cysts

•  Na+/K+ ATPase is involved in the 
uptake of neurotransmitters [146]. 
This may directly relate to CSF flow 
dynamics and an imbalance in this 
may lead to AC expansion via CSF 
accumulation in the cyst

FOXC2 [109] 16q24.1 
[109]

•  Critical for development of the 
lungs, eyes, kidneys and the 
urinary tract [109]

•  Needed for formation of veins 
[109]

GPSM2 [109] 1p13.1[109] •  Involved in cell division, 
particularly in the metaphase 
spindle orientation [119]

•  A homozygous mutation of this gene 
was present in a pair of dizygotic twins 
who both presented with an 
interhemispheric AC [109]

PDGFRB [132] 5q32 [132] •  Important for signal transduction 
and signaling pathway activation 
[133]

•  These signaling pathways are 
needed for cell proliferation, 
movement and survival [133]

•  19-year-old Caucasian female patient 
presented with a cervical spine AC 
along with many other CNS and 
cardiac abnormalities. Exome 
sequencing trio analysis identified a de 
novo previously reported pathogenic 
variant in this gene c.1696T>C (p.
[Trp566Arg]) [132]

Type of Gene

Control Protein
Production,

Transport and
Function

Control Cell
Membrane
Traficking
Apparatus

Control Cell
Proliferation

and Cell Size

Involved in the
Formation of

Blood Vessels

–

May explain abnormal
fluid transport

mecahnisms that
allow cysts to expand

Can lead to
uncontrolled
cell growth

May play an important role
in fluid transport given the
known interaction between

the venous drainage system
of the body and the
ventricular system

(containing CSF) in the brain

Fig. 1 Summary of types of genes associated with ACs
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7  Hydrocephalus

“Hydrocephalus (HC) is classically defined as 
dynamic imbalance between the production and 
absorption of cerebrospinal fluid (CSF), leading 
to enlarged ventricles” [70]. Hydrocephalus is 
often found in midline and posterior fossa ACs 
[76]. It is also possible to observe ventriculomeg-
aly in interhemispheric lesions, but it is rare to 
see hydrocephalus in middle fossa lesions [76]. 
Since ACs can be found in all areas of the brain 
with arachnoid mater and hydrocephalus is not 
found in all of these areas, it indicates that ACs 
may not be the sole cause of hydrocephalus.

There has been speculation that some ACs are 
due to disturbed CSF dynamics and that ACs may 
be a localized form of hydrocephalus [76]. It may 
be that ACs are the cause of hydrocephalus or it 
could be that hydrocephalus causes ACs. 
However, Martinez-Lage et  al. state that “CSF 
dynamics seem to play a major role in the devel-
opment of both [arachnoid] cysts and hydroceph-
alus” [76].

A paper by Topsakal et al. describes a 67-year- 
old female patient who presented with symptoms 
of normal pressure hydrocephalus, lower cranial 
nerve pareses, and pyramidal and cerebellar signs 
associated with respiratory disturbances [130]. 
She was found to have a quadrigeminal AC that 
was compressing the aqueduct and other brain 
structures [130]. Removing the cyst surgically 
resolved some of her symptoms including the 
hydrocephalus [130]. Thus, in this case, it seems 
that the AC was the cause of the patient’s symp-
toms including the hydrocephalus.

Basaran et al. discuss a patient with persistent 
subarachnoid bleeds, hydrocephalus, and ACs 
[7]. Treating the hydrocephalus did not treat the 
patient’s symptoms of headaches and diplopia, 
but treating the ACs did resolve the symptoms 
[7]. Here it is difficult to distinguish if the hydro-
cephalus was caused by the AC, but it does show 
that the AC was not caused by the hydrocephalus 
since treating the hydrocephalus did not treat the 
AC. In addition, this article illustrates once again 
that hydrocephalus, and ACs do occur together 
very frequently.

There are other papers that support the notion 
that ACs cause hydrocephalus in patients, most 
frequently by obstructing and putting pressure on 
the key ventricular structures of the brain [78, 
109, 112, 139].

However, a paper by Pradilla et al. found that 
only 9% of their 20 patients that presented with 
ACs had hydrocephalus [111]. So, it seems that 
hydrocephalus is not always found with ACs and 
discredits the idea that ACs cause hydrocephalus. 
Another paper also found that out of ten patients 
with ACs, only three had hydrocephalus [25]. But 
here it can be argued that the location, size, and 
extent of compression caused by the AC might 
play a role in the development of hydrocephalus 
[78, 109, 112, 139].

There are also articles that focus on the pres-
ence of hydrocephalus and ACs and the role they 
play in the development of syringomyelia and 
Chiari malformation type 1 (CM-1) [20, 74, 129]. 
These papers do not help answer the question as to 
whether ACs cause hydrocephalus or vice versa, 
but they do indicate that the two occur together 
very frequently and may play a role in the forma-
tion of other secondary symptoms (such as CM-1).

Perna et  al. describe 12 patients with ACs, 
CM-1, syringomyelia, and hydrocephalus [20]. 
Given the rarity of CM-1 [20], the fact that 12 
cases were found with this combination of clini-
cal symptoms provides some backing to the the-
ory that there might be a third external factor 
causing the development of both hydrocephalus 
and ACs. Martinez-Lage et  al. found a patient 
with this same presentation but concluded that 
the CM-1 and syringomyelia were caused by the 
hydrocephalus and AC because ventricular 
decompression and removal of the AC resolved 
the CM-1 and syringomyelia [74]. They also con-
cur that, usually, the syringomyelia is caused by 
the obstruction of CSF flow by the AC [74].

ACs and hydrocephalus are closely associated 
with each other. Table 8 depicts some genes that 
are thought to be associated with both hydro-
cephalus and ACs. However, it is still unclear if 
one causes the other or if they are both the conse-
quence of a third external factor such as a com-
mon gene mutation or syndrome.
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Table 8 Genes associated with both hydrocephalus and arachnoid cysts

Name of gene 
[149]

Location on 
chromosome Function [149]

Other mutant phenotypes 
[149]

TMEM67 8q22.1 •  Migration of centrioles to apical 
membrane

Meckel Syndrome Type 3
Joubert Syndrome Type 6

•  Primary cilium formation
FGFR2 10q26.13 •  Cell growth, division, maturation, and 

differentiation
Apert Syndrome
Pfeiffer Syndrome

•  Angiogenesis, wound healing
GPSM2 1p13.1 •  Organization Nonsyndromic hearing 

loss
Chudly-McCullough 
Syndrome

•  Development of normal hearing
ZIC2 13q32.3 •  Instructions for making forebrain 

development proteins
Dandy-Walker 
malformation
Neural Tube Defects

•  Transcription factor for left-right axis 
formation

8  Conclusion

From the above, we can see that there are some 
syndromes that have a significantly higher 
association with ACs than others. There are 
also genes that appear to be linked to AC for-
mation. One common feature of these genes is 
that most of them seem to be involved in pro-
tein production, function, and (like in hydro-
cephalus) protein transport. Moreover, there is 
much coinciding between genes and syndromes 
of hydrocephalus and ACs, so there may be 
common features between hydrocephalus and 
ACs such as their mechanism of formation and 
expansion. Most ACs seem to be sporadic (non-
syndromic), but there are instances in which 
they occur commonly along with other clinical 
presentations. The presence of agenesis of the 
corpus callosum (which is very strongly asso-
ciated with the presence of ACs) should alert 
clinicians to look for structural malformations 
that can be present. Conclusively, the mecha-
nism of formation of ACs and pathophysiologic 
mechanisms involved in their expansion are 
poorly understood. Further research is required 
to understand the mechanisms presented and 
discussed within this chapter.
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Natural History of Arachnoid Cysts

Alexander E. Braley and Walter A. Hall

1  Introduction

Arachnoid cysts (ACs) are localized collections 
of cerebrospinal fluid (CSF)-like fluid that may 
be present intracranially or within the spinal 
canal. They were first described by Richard 
Bright in 1831 [8]. These lesions have an inci-
dence of around 3% in children and 1.4% in 
adults [6]. These cysts are lined by a membra-
nous capsule and generally are asymptomatic and 
found incidentally on imaging studies. There is a 
small subset of patients who will experience AC 
growth through mechanisms which vary and are 
often disputed. Patients who develop symptoms 
may do so after cyst enlargement or even without 
a cyst size change. These symptoms vary from 
headaches and nausea to focal neurological defi-
cits or endocrinologic aberrations depending on 
the size and location of the cyst. Asymptomatic 
lesions are typically monitored unless radiologic 
studies demonstrate progressive growth or until 
clinical symptoms develop. Around 5% of 
patients with intracranial ACs develop symptoms 
[6]. The symptomatology of these lesions is often 
difficult to characterize because patients often 
attribute a variety of symptoms to these lesions, 
especially after they are discovered incidentally, 
which may not demonstrate clear physiologic ties 

to causality [1]. These symptoms may or may not 
improve with surgery. A variety of surgical tech-
niques are utilized to treat these lesions which 
include resection, fenestration, and shunting. 
However, less clear is the natural history of ACs.

2  Natural History

The natural history of ACs is poorly understood 
in part because of the benign nature of these 
lesions. Given that the lesions are often found 
incidentally, it is also not surprising that the inci-
dence of these lesions is higher in autopsy stud-
ies, and as routine imaging becomes more 
available and more commonplace, it is expected 
that these numbers will continue to increase [2, 
6]. What is known about the natural history of 
ACs is that the vast majority are asymptomatic 
and will not enlarge enough to cause symptoms 
in the patient’s lifetime (Fig.  1). The questions 
that are difficult to answer regarding ACs are 
when the cyst formed, how long it has been pres-
ent, whether it will continue to increase in size, 
the rate at which the lesion may enlarge or shrink, 
and how to predict which lesions may become 
symptomatic in the future, in addition to whether 
pharmacologic or surgical intervention may pre-
vent or delay this occurrence.

Al-Houlou et al. authored two large case series 
addressing the natural history of ACs in adults 
and children. For children, they showed that the 
lesions tended to be approximately 0.5 cm larger 
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Fig. 1 Axial magnetic resonance imaging demonstrating 
a left middle fossa AC that was diagnosed in a 6-year-old 
female who presented with vomiting, fever, and head-
aches (a). The patient was diagnosed with rotavirus, and 
her symptoms were resolved with the passage of the viral 

infection. Conservative management was chosen for the 
AC. The cyst did enlarge on her 8-year-old follow-up MRI 
(b), but she remained asymptomatic. Another follow-up 
MRI at 11  years old (c) demonstrates stability of the 
lesion

in males (~3 cm3 vs. 2.5 cm3). They reported that 
the middle fossa was the most common location 
for development in 47% of patients. The poste-
rior fossa was the next most common location in 
38%. The remaining locations such as over the 
cerebral convexity, within the ventricles, the 
parasellar region, the interhemispheric fissure, or 
over the quadrigeminal plate were much less 
common. Most lesions are on the left side of the 
brain compared to the midline or on the right side 
(47% vs. 28% and 27%, respectively) [6]. Not 
surprisingly, larger cysts were highly correlated 
with symptom presence and eventual  intervention. 
Anterior fossa and quadrigeminal plate cysts 
were more likely than posterior fossa lesions to 
require surgical treatment. Younger age at presen-
tation correlated with cyst enlargement and the 
need for future intervention. Only 1 patient out of 
309 suffered a posttraumatic hemorrhage into the 
AC [2].

In their adult series, Al-Houlou et al. demon-
strated an incidence of 1.4% and that males had a 
higher incidence. The most common location 
was in the middle fossa (34%) in children. The 
next most common location for ACs was retro-
cerebellar, followed by convexity ACs which 
occur in 33% of patients and 14%, respectively 
[1]. The mean cyst size was approximately 
2.5 cm3. Middle fossa cysts tended to be on the 

left side of the brain, and cerebellopontine angle 
cysts tended to be on the right. Symptoms 
described in decreasing order of frequency 
ranged from headache, ataxia, seizures, dizzi-
ness, visual changes, nausea, vomiting, hearing 
loss, vertigo, and speech issues. Hydrocephalus 
and cervical myelopathy with syrinx have also 
been reported. Of the 203 patients with ACs fol-
lowed on average for 3.8 years, 5 cysts showed to 
be enlarged and 2 cysts decreased in size with 
only 2 of the cysts that had enlarged causing the 
development of new symptoms [1].

Although symptomatic lesions usually 
undergo surgical intervention, asymptomatic 
lesions often do not change in size or character, 
and most neurosurgeons do not recommend serial 
imaging unless the lesions are large or are in a 
location at a higher risk for causing hydrocepha-
lus in the future [6]. With this philosophy, these 
lesions often go for long intervals of time without 
being reimaged. Additionally, given that the cyst 
is mostly empty space, it is possible for the 
dimensions of the lesion to increase with growth 
of the skull, but this should not be regarded as 
actual growth of the lesion because the enlarge-
ment is proportional to the size of the skull. 
Studies show low rates of growth and symptom-
atic conversion for both adults and children; how-
ever, children tend to have a slightly higher risk 
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of enlargement and the development of symp-
toms. Rates of lesion growth in children is around 
10%, and symptoms develop in around 1% [2, 6, 
7]. The growth rates for adults are often lower at 
around 2–3% increase in size where less than 1% 
become symptomatic [1, 6]. Huang et  al. noted 
that 99% of their 412 ACs that received conserva-
tive management did not enlarge on follow-up 
imaging [7].

3  Growth and Resolution

The exact statistics on the proportion of patients 
who undergo cyst enlargement and the rate of 
growth, stagnation, and resolution are difficult to 
estimate because many patients who do not 
develop symptoms later in life never go on to 
receive further imaging. Although it may be safe to 
assume that patients who did not develop symp-
toms did not likely experience significant growth 
of their AC, there remains the possibility that the 
lesion may have enlarged. Rarely these lesions can 
decrease in size or even resolve spontaneously. 
Hall et  al. reported a patient in their series who 
experienced headaches that were attributed to their 
AC and was scheduled for surgery; however, pre-
operative imaging showed complete resolution of 
the lesion [6]. These outcomes indicate that at least 
some of the lesions are blamed for symptoms that 
they are not causing, artificially increasing the 
number of “symptomatic” lesions [6].

The formation and growth of the lesions are 
not well understood. The creation is often 
described as an abnormal formation, splitting, or 
duplication of the arachnoid mater during devel-
opment [3, 6]. Congenital ACs are thought to 
develop in the embryo during defective develop-
ment of mesenchymal cells, or they are related to 
aberrant CSF flow [5, 7]. Previous concerns that 
ACs were caused by ischemic, traumatic, or 
infectious insults have been largely abandoned 
[8]. Pathologic evaluation of AC walls demon-
strates duplicated layers of normal arachnoid that 
may have an increased collagen content, hyper-
plastic arachnoid cells, and will lack trabecula-

tions seen in normal arachnoid [8]. Enlargement 
of ACs are hypothesized to occur by a one-way 
slit valve mechanism, osmotic gradient, or direct 
fluid secretion by the cyst lining cells [8, 10]. The 
spontaneous resolution of ACs has occurred 
albeit rarely. There have been associations with 
trauma leading to spontaneous resolution of an 
AC; however, cysts have resolved similarly with-
out injury [3]. The mechanism of cyst resolution 
is not known; however, its association with 
trauma suggests a traumatic rupture of a mem-
brane or the obliteration of a slit valve mecha-
nism triggering the involution of the cyst.

4  Management

The management of ACs continues to be contro-
versial for several reasons. First, there is diffi-
culty in ascribing clinical symptoms definitively 
to the AC in question which will lead some sur-
geons to recommend surgery, whereas other sur-
geons might determine that the same lesion is not 
responsible for the symptoms that are present. 
There are many instances in patients who have 
had symptoms attributed to a cyst where they had 
surgical intervention without resolution of their 
symptoms. Alternatively, a patient who has a 
“symptomatic” cyst may have resolution of their 
symptoms without a change in the size of the 
lesion, calling into question the symptomatic 
nature of the lesion. There is a small risk of post-
traumatic hemorrhage into an AC which leads 
some surgeons to consider this as a reason to 
offer surgery for an asymptomatic lesion; how-
ever, this risk is small, and patients who have 
hemorrhage into their AC tend to do well either 
with or without surgical evacuation of the hemor-
rhage [4, 8, 9]. As noted earlier, Al-Holou et al. 
noted that only 1 pediatric patient out of 309 
patients with an AC had evidence of a posttrau-
matic intra-cystic hemorrhage [2]. Cress M et al. 
observed in a small case-control study that cysts 
with a cross-sectional diameter of over 5 cm were 
at an increased risk of rupture compared to those 
below 5 cm [4].
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5  Conclusion

Intracranial ACs are relatively common intracra-
nial lesions that are often discovered incidentally. 
These lesions may develop congenitally or may 
be acquired later in life. Their clinical course is 
usually benign in the vast majority of cases. 
Symptoms attributed to these cysts depend on 
their size and location but commonly include 
headaches and focal neurological deficits. 
Symptomatic lesions are likely overestimated in 
their incidence, and the vast majority are asymp-
tomatic. We do not advocate for prophylactic sur-
gery based on size or location. Conservative 
management should be the mainstay of treatment 
for ACs unless they are obviously symptomatic.
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Anatomic Locations of Arachnoid 
Cysts

Ali Akhaddar 

1  Introduction

Arachnoid cysts (ACs), also known as “lepto-
meningeal cysts,” are vesicles of cerebrospinal 
fluid (CSF) or CSF-like fluid found adjacent to 
normal CSF spaces. These cysts are extra axial 
and are limited by arachnoid membranes (a sin-
gle layer of flattened mature and normal arach-
noid cells) that may or may not communicate 
with the subarachnoid space [4, 19, 45]. These 
structures are benign, and most are congenital in 
origin (developmental lesions), although a small 
group may develop following inflammation, 
infection, bleeding, trauma, or even surgery [18, 
34, 60]. ACs have various localizations in the 
central nervous system and are oriented by the 
anatomical location involved. Most cysts are 
located supratentorially with respect to an arach-
noid cistern [7]. However, other locations are 
also reported, particularly in the posterior fossa 
and even in the spinal canal [2, 17, 45]. The inci-
dence of spinal AC is much lower than those 

found in the intracranial space. Some congenital 
cysts may be associated with other neural anoma-
lies [4, 22, 23, 41]. Clinical symptoms are highly 
variable and depend primarily on their anatomic 
location, cyst volume, and the patient’s age.

With the widespread use of neuroimaging 
techniques, many incidental asymptomatic cysts 
are being discovered on computed tomography 
(CT) scans (Fig.  1) and magnetic resonance 
imaging (MRI) (Fig.  2) within all age groups. 
However, symptomatic cases occur mainly in 
early childhood. Although many authors recom-
mend no treatment for small or asymptomatic 
cysts, there is still some debate regarding the best 
treatment strategy for symptomatic cysts requir-
ing surgical decompression, excision, ligation of 
the communication site, fenestration, marsupial-
ization, or shunting [7, 48, 58].

A summary of the intracranial and intraspinal 
distributions of AC is provided in this chapter 
realizing that the different classifications of AC 
will be discussed in Chap. 11 of the same book.
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Fig. 1 Axial CT scan (a–c) demonstrating a small “asymptomatic” Sylvian fissure AC on the left side (dotted oval circle)

a

c

b

Fig. 2 “Asymptomatic” AC of the right cerebellopontine angle (stars). Sagittal T1-weighted MRI (a), coronal 
T2-weighted image (b), and axial FLAIR image (c)
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2  Intracranial Locations 
of Arachnoid Cysts

Most intracranial ACs are in the supratentorial 
compartment [7, 25, 45]. About two-thirds occur 
in the Sylvian fissure and middle cranial fossa, 
anteromedial to the temporal lobe (Fig. 3). The 
second most common localization is in the poste-
rior fossa (about 15%), which includes the cere-
bellopontine angle cistern (Fig.  2) and the 

retrocerebellar area (Figs. 4, 5, 6, 7 and 8). The 
next most frequent locations are the quadrigemi-
nal (supracollicular) cistern (Fig.  9) and the 
sellar/suprasellar areas (Fig.  10) (10% each). 
Other supratentorial ACs are uncommon, such as 
over the brain convexities (principally the frontal 
lobes) (Fig.  11 and 12) and those in the inter-
hemispheric fissure [4, 7, 19, 25, 53].

Some locations are rarely reported such as in 
the prepontine cistern (also known as retroclival), 

a

c d

b

Fig. 3 Axial CT scan (a), sagittal T1-weighted MRI (b), coronal T2-weighted image (c), and axial fluid-attenuated 
inversion recovery (FLAIR) image (d) showing a middle cranial fossa AC on the right side (stars)
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b

Fig. 4 Cerebellar AC. Axial CT scan (a), axial T1-weighted MRI (b), axial FLAIR image (c), and axial T1-weighted 
image following gadolinium administration (d)
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Fig. 5 Same case as Fig. 4. Cerebellar AC on MRI (stars). Sagittal T1-weighted MRI (a) and coronal T2-weighted 
image (b)

a b

Fig. 6 Retrocerebellar AC (stars). Axial CT scan (a), sagittal T1-weighted MRI (b), axial T2-weighted image (c), and 
axial proton density-weighted image (d)
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in the cervico-medullary junction area, and 
within the ventricular system [33, 40, 44, 49, 59]. 
A few other anecdotal cases have been described 
in the cavernous sinus [12, 31], within the inter-
nal auditory canal, in the perigeniculate region 
[32], in the foramen of Magendie [14], and also 
there are those that are extradural and intradiploic 
over the convexity [21, 27, 51].

ACs are usually unilateral and unilocular, but 
some multiple, multilocular, and bilateral cases 
have been reported principally in the middle cra-
nial fossa and in the cerebellopontine angle [1, 
42, 50, 55]. Regarding gender distribution and 
sidedness predominance, some studies have sug-
gested that there is a left-sided and male prepon-
derance for middle cranial fossa cysts as well as 
right sidedness and female preponderance for 
cerebellopontine angle ACs [4, 25].

ACs are present in different sizes, with some 
being small “incidental” asymptomatic cysts and 
others being large space-occupying lesions. 
Headaches are by far the most common symptom 
seen among patients with symptomatic intracranial 
AC [7]. Sometimes, the origin of large ACs is dif-

ficult to determine because these voluminous 
lesions are not restricted to a single anatomic loca-
tion. In the presence of such a difficult determina-
tion, further neuroimaging studies should be 
requested whenever necessary. This may help in 
specifying the exact topography of the cysts and 
their internal structures, defining the precise mar-
gins of the collections, and determining their rela-
tionship to adjacent anatomic formations. 
Assessment of any communication between the 
cyst and the surrounding subarachnoid space is 
also very important in the pretreatment evaluation.

Large temporal cysts often have suprasellar 
extension, and suprasellar cysts may have pre-
pontine components. Also, large cysts in the lat-
eral cerebellomedullary cistern can often have 
both cranial and cervical expansions [33, 40, 44, 
59]. On the other hand, some suprasellar AC may 
elevate the floor of the third ventricle causing 
obstructive hydrocephalus, and these cysts appear 
to originate within the ventricle on MR imaging. 
In addition, some large suprasellar AC may 
extend downward into the sella. True intrasellar 
ACs without suprasellar extension are unusual 

c d

Fig. 6 (continued)
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Fig. 7 Retrocerebellar AC (stars). Axial T1- (a) and T2-weighted MRI (b). Axial (c) and sagittal FLAIR images (d)
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Fig. 8 Retrocerebellar and supracerebellar AC (stars). Axial CT scan (a), sagittal T1-weighted MRI (b), axial FLAIR 
image (c), and coronal T2-weighted image (d)
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Fig. 9 Supracerebellar and quadrigeminal AC (stars). Axial (a) and sagittal CT scans (b)

a

c d

b

Fig. 10 Intrasellar and suprasellar AC (stars). Sagittal CT scan (a), sagittal T1-weighted MRI (b), and coronal T1- (c) 
and T2-weighted images (d)
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c

Fig. 11 Axial CT scan (a), axial T1-weighted MRI (b), and sagittal (c) and coronal T2-weighted image (d) revealing a 
frontal cerebral convexity AC on the left side (stars)

conditions that are sometimes confused or asso-
ciated with cases of empty sella syndrome [23]. 
Over time, cranial bone and neural and vascular 
structures contiguous with the cystic lesion may 
be compressed and/or displaced. Also, some ACs 

may have an extracranial extension with or with-
out spontaneous CSF fistula formation [24, 32, 
47]. Intraneural ACs are rare, but some optic 
nerve cysts have been described within the orbit 
[3, 9, 11, 13].
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c d
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Fig. 12 Communicating AC with the subdural space in the right frontoparietal area. CT cisternography image showing 
filling of the cyst 2 h after metrizamide intrathecal injection. Axial (a, b), sagittal (c), and coronal (d) images
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3  Intraspinal Locations 
of Arachnoid Cysts

The incidence of spinal AC is much lower than 
that of the intracranial cysts. The literature on 
spinal AC is sparse and generally limited to case 
reports and small case series [8, 17, 20, 26, 30]. 
They can be intradural, extradural, or perineural 
[20, 50, 52]. In 1988, Nabors’ team proposed a 
simplified well-known classification of spinal 
meningeal cysts, containing three main catego-
ries based on their topographic location [38]:

Type I: Cysts are extradural without spinal nerve 
root fibers.

Type II: Cysts are extradural with spinal nerve 
root fibers (e.g., Tarlov cyst).

Type III: Cysts are intradural.

Type I was subdivided into extradural cysts (type 
IA) and sacral meningoceles (type IB).

Type III cysts can be intradural extramedullary 
(type IIIA) or intradural intramedullary (type 
IIIB).

The most common site of spinal AC is in the 
middle or lower thoracic spine with several verte-
bral segments being involved (Figs. 13 and 14). 
Less common locations are, in decreasing order 
of frequency, as follows: lumbar and lumbosa-
cral, thoracolumbar, and sacral. The cervical 
spine is rarely involved with AC [46, 48]. The 
vast majority of cysts are typically limited to 
three or four vertebral body segments cranio- 
caudally and therefore restricted to a single spi-
nal segment or a junction between two spinal 
segments [6, 20]. However, extensive ACs involv-

a c

b

d

Fig. 13 T5–T9 spinal extradural AC located posterior to the spinal cord in an 11-year-old girl. Axial T1- (a) and 
T2-weighted (b) MRI, sagittal T1- (c) and T2-weighted images (d)
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Fig. 14 T4–T7 spinal extradural AC with posterior spinal cord compression in an 8-year-old boy. Enlarged spinal canal 
(double arrows) on anteroposterior spinal thoracic radiogram (a). Sagittal (b) and axial T2-weighted MRI (c)

ing multiple segments of the spinal axis have 
been already described [18, 28, 37, 48]. 
Furthermore, large spinal extradural cysts may 
have significant paraspinal extension or intra- 
abdominal organ compression [54].

The predominance of the disease in the tho-
racic spine may be because it is the longest part 
of the spine and also has a narrow diameter, 
allowing for faster neurologic symptoms to 
develop when the spinal cord is compressed [57]. 
Furthermore, for many authors, intradural ACs 
arise from the septum posticum (the fibrous 
membrane joining the arachnoid and pia along 
the posterior line of the spinal cord) which is 
principally sited in the posterior thoracic spine 
[43, 46]. The majority of ACs are most likely 
related to an idiopathic condition (more than 
90%), whereas less than 10% may result from 
secondary conditions such as intraspinal inflam-

mation, infection (Fig.  15), hemorrhage, and 
injury, following a spinal anesthetic procedure or 
even secondary to spinal surgery [18, 34, 36, 39, 
56, 58, 60].

Associated congenital anomalies such as syrin-
gomyelia, spina bifida, tethered cord, diastemato-
myelia, meningocele, or Chiari malformations 
[22, 35, 41] are more common in the pediatric 
population principally among patients with intra-
dural AC. Most spinal ACs are single, but multi-
loculated and multiple epidural cysts have been 
previously described [10, 15, 28, 35, 37, 48]. ACs 
with multiple septations are more often related to 
secondary etiologies, especially those resulting 
from delayed postinfectious meningitis (Fig. 15).

Extradural spinal ACs are commonly located 
posterior to the spinal cord at the thecal sac nerve 
root sleeve junction, in the dorsal midline, or in 
the nerve root sleeve itself (Figs. 13 and 14). A 
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a b
Fig. 15 Intradural 
multiloculated AC 
(stars): complications of 
tuberculous meningitis 
(stars). Sagittal (a, b) 
T2-weighted MRI

few have been reported to extend into or through 
the neural foramen. There is usually a dural 
defect that allows the cyst to communicate with 
the intradural arachnoid space through a narrow 
channel [20, 45]. Spinal ACs generally develop 
among adolescents; however, all age groups can 
be affected. Thoracic cysts typically occur among 
young adolescents, whereas lumbar and sacral 
cysts are more often found among adults in the 
fourth decade of life. About twice as many cases 
occur in males compared to female patients. 
Most perineural cysts are known as Tarlov cysts 
located in the sacrum (Figs. 16 and 17).

Intradural cysts are generally located retro-
medullary (posterior) in more than 75%; how-
ever, a few cases have been found pre-medullary 
(anterior) [29, 57] and even intramedullary 
(within the spinal cord) [16, 26, 30, 46]. 
Indeed, fewer than 20 cases of intramedullary 
ACs have been reported in the literature [26]. 
In addition, intradural ACs may be associated 
with an intramedullary syrinx (Fig. 15) in more 
than 66% of cases [46]. Some authors have 
suggested that this association is related to a 
delayed complication of spinal surgery or spi-
nal cord injury [5].
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b

Fig. 16 S2 Tarlov cyst in an adult (stars). Sagittal (a) and coronal (b) T1-weighted MRI. Sagittal T2-weighted image 
(c), and coronal MR image on STIR sequence (d)
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Fig. 17 S1–S2 Tarlov cyst in an adult (stars). Sagittal T1- (a) and T2-weighted MRI (b). Sagittal spinal CT scan on 
bone window (c)

4  Conclusion

AC is an uncommon heterogeneous pathologic 
entity that is more complex than was previously 
thought. These cystic lesions appear in various 
shapes, sizes, and anatomic localizations. These 
locations include cranial, spinal, intradural, extra-
dural, perineural, intraventricular, intraparenchy-
matous, primitive, or secondary forms that are seen 
in all age groups. Topographic considerations and 
the relationship between the cysts and the menin-
ges as well as other adjacent neurologic structures 
are necessary to better assess the clinical and neu-
roimaging findings and enhance our ability to dis-
cuss the best therapeutic option for each case. 
Future supplementary investigations focusing on 
etiology and pathogenesis and pathophysiology 
should be conducted for a better understanding of 
the development of AC and a more accurate diag-
nosis associated with better therapeutic results.
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Classification of Arachnoid Cysts

Mehmet Saim Kazan and Ahmet Özak

1  Introduction

Arachnoid cysts (ACs) are non-tumorous patho-
logical entities in which a cavity is filled with a 
cerebrospinal fluid (CSF)-like fluid, frequently 
communicating with the subarachnoid space, 
containing collagen and cells within the arach-
noid membrane [7, 47]. Bright described the ACs 
more than 170 years ago (1831) and noted cor-
rectly in his monograph that such cysts were 
found “... in connection with the arachnoid, and 
apparently lying between the layers ...” and that 
they were “... formed by the splitting of the arach-
noid membrane...” [50].

ACs often arise within and expand the mar-
gins of CSF cisterns rich in arachnoid membrane 
(i.e., Sylvian fissures, suprasellar, quadrigeminal, 
cerebellopontine angle, and posterior infratento-
rial midline cisterns) [1, 3, 9, 18] (Fig. 1). It may 
be difficult to distinguish between porencephalic 
cysts and ACs, since the structures they originate 
from are cisternal compartments (Fig.  2). ACs 
comprise 1% of all intracranial space-occupying 
lesions. The prevalence in adults is approxi-
mately 1.4% with a female preponderance, while 
the prevalence in children is 2.6% [2, 3, 32, 40]. 
Based on 208 reported cases in the literature in 
1981, Watanabe and Rengachary found the fol-
lowing distribution in their comprehensive study: 

Sylvian fissure 103 (49%), cerebellopontine 
angle 22 (11%), supracollicular area 21 (10%), 
vermian area 19 (9%), sellar and suprasellar area 
18 (9%), interhemispheric fissure 10 (5%), cere-
bral convexity 9 (4%) (Fig. 3), and clival area 6 
(3%) [43] (Fig. 4). Rarely, ACs are also seen in 
intraventricular location (Fig. 5).

The increasing widespread use of imaging 
modalities has undoubtedly lowered the thresh-
old for radiological examinations of patients with 
headache, which is the dominating symptom in 
patients with intracranial ACs. As a consequence, 
the diagnosis of ACs is now made more often 
than before. In a population-based study, the 
intracranial distribution among 299 patients with 
305 cysts (6 patients with bitemporal cysts) was 
as follows: the vast majority “198 patients 
(66.2%)” had cysts located in the middle cranial 
fossa (included the 6 patients with bitemporal 
cysts), 42 (14%) had frontal cysts, 36 (12%) had 
cysts in the posterior fossa, and 23 (7.7%) had 
cysts located in various other places of the neuro-
cranium [21, 49]. ACs very rarely occur within 
the ventricular system, where no arachnoid tissue 
exists. However, intraventricular AC might be 
originated from the arachnoid layer drawn into 
the choroidal fissure with choroidal vascular 
mesenchyme [36].

ACs can be congenital (primer, developmen-
tal, splitting, or duplication of the primitive 
arachnoid membrane) cysts (also called “true” 
ACs and occur to be the most common type) 
often or secondary ACs. This should be differen-
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a cb

Fig. 1 Giant posterior fossa AC. T2-weighted sequence sagittal, axial, and coronal view

a b

Fig. 2 A 42-year-old female case. Asymptomatic, incidentally detected right temporal cystic lesion. Axial and sagittal 
views of T2-weighted sequence MRI. Differentiation between arachnoid and porencephalic cysts can be difficult

tiated from other types of cysts that result from 
CSF sequestration due to inflammation, brain 
trauma, surgery, hemorrhage, chemical irritation, 
and tumors; these are called secondary ACs. They 
differ from secondary (acquired) cysts by the 
structure of their cyst walls, which contains 
arachnoid cells connected with unaltered arach-
noid matter. In secondary cysts, which usually 
occur after inflammatory or traumatic process, 
the loculations of CSF are surrounded by arach-
noid adhesions. The intracranial ACs (both 

 congenital and acquired forms) are invariably 
intradural, while the spinal cyst may be either 
intradural or extradural [6, 8–10, 43, 48].

A variety of classification systems exist for 
ACs. Huang et  al. used CT cisternography 
(CTC) to divide the ACs into (1) noncommuni-
cating ACs (NCIACs), where the cyst and sub-
arachnoid space are not connected, and (2) 
communicating ACs (CIACs), where the cysts 
and subarachnoid space are interlinked and CSF 
can flow freely between the two parts. CTC has 
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a b

Fig. 3 Right parietal convexity AC T2-weighted sequence MRI axial and coronal views

1a 1c1b

2a 2c2b

Fig. 4 Retrocerebellar AC that also caused hydrocepha-
lus by compression of the IV ventricle and aqueductus 
sylvii. Preoperative T2-weighted sagittal and axial MR 
images (1a, b, c). T2-weighted axial and sagittal MR 
images of the same patient in the early period after cysto-

peritoneal shunt application (2a, b, c). Axial and sagittal 
reconstruction cranial CT images in the late postoperative 
term. Cerebellar compression disappeared and hydro-
cephalus improved (3a, b, c)
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Fig. 5 Intraventricular AC. T2-weighted sequence axial view, T1-weighted sequence coronal and sagittal view

3a 3c3b

Fig. 4 (continued)

been an effective way to diagnose communicat-
ing/noncommunicating ACs, but it is an inva-
sive, radioactive, and relatively time-consuming 
examination that is not used in standard clinical 
practice [22, 27, 35].

2  Classification of Middle 
Fossa Temporal Cysts

2.1  Galassi Classification

Approximately 50–65% of intracranial ACs 
occur in the middle cranial fossa [20, 32]. The 
widely used Galassi classification (1982) pro-

vides a schematic radiological classification of 
the middle fossa temporal cysts [17, 23]. Based 
on CT (computerized tomography) scan and 
(metrizamide) CT cisternography (CTC), Galassi 
et  al. provided a useful classification of middle 
fossa temporal ACs based on their size, the seg-
ment of the Sylvian fissure involved, the evidence 
of a mass effect, and the presence/absence of 
what they referred to as communication with the 
subarachnoid space [17].

There are three types of temporal fossa ACs 
based on their size and degree of mass effect [16, 
17, 23, 51]:

Type I cysts (Galassi named it as “mildest” 
form) are characterized by the following: lens- 
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Fig. 6 Left Sylvian Galassi type II AC. Axial and coronal views of T2-weighted sequence MRI

shaped, located at the anterior tip of the middle 
temporal fossa, and freely communicate with 
CSF/surrounding subarachnoid space on MR/CT 
ventriculography. They rarely require surgery.

Type II cysts (Galassi named it as “classic” 
form) are characterized by intermediate size and 
more rectangular morphology than type I, extend 
into the Sylvian fissure (anterior and middle part 
of temporal fossa), have variable communication 
with CSF pathways, and exert local mass effect on 
the temporal lobe. They sometimes require sur-
gery (Fig. 6).

Type III cysts (Galassi named it “most severe” 
form) constitute the largest size group, generally 
extend the full length of the Sylvian fissure, exert 
significant mass effect (often with midline shift), 
and do not communicate with the subarachnoid 
space. They usually require surgery [16, 17, 23, 51].

Based on the communication studies, Galassi 
et al. assumed the presence of communication in 
type I and II cysts, whereas type III lesions did 
not communicate with the rest of the subarach-
noid space [17].

3  Suprasellar Arachnoid Cyst 
Classification

Several subtypes of suprasellar AC (SAC) have 
been described based on anatomic findings. All 
these observations are very relevant, but none 
of these studies has made a correlation between 
the clinical presentation and anatomic find-
ings. Furthermore, surgical strategies remain 
unclear. Arthur Andre et  al. distinguished 
three main subtypes of SAC, according to the 
clinical and radiological presentations [4, 28,  
30, 37]:

SAC-1 subtype is characterized by the pure 
suprasellar cysts with early blockage of the fora-
men of Monro and ventriculomegaly that seem to 
come from an expansion of the chiasmatic cistern 
or the diencephalic leaf of the Liliequist mem-
brane. For SAC-1 subtype, hydrocephalus with 
intracranial hypertension is the primary symp-
tom. Surgical intervention is necessary, and the 
outcome is usually favorable when the hydro-
cephalus is resolved [4, 28, 37] (Fig. 7).
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Fig. 7 Suprasellar intraventricular AC (SAC-1 subtype). Axial, coronal, and sagittal views of T2-weighted MRI 
sequence

SAC-2 subtype represents a dilatation of the 
interpeduncular cistern with elevated Liliequist 
membrane but free third ventricle. The defect of 
the mesencephalic leaf of the Liliequist mem-
brane may be the pathological mechanism of 
SAC-2 subtype. SAC-2 subtype is usually diag-
nosed antenatally and might remain stable in 
time without requiring any surgical intervention. 
Both SAC-1 and SAC-2 subtypes may result in a 
mass effect on the pituitary stalk and cause endo-
crine disorders. Patients with endocrinological 
disturbances showed no or little improvement 
after surgical treatment, whereas developmental 
delay improved significantly [4, 28, 30, 37].

SAC-3 subtype is characterized by the asym-
metrical forms with an involvement of other 
 subarachnoid space, mainly presenting with mac-
rocrania with mild/no hydrocephalus. SAC-3 
subtypes are radiologically similar to SAC type 2 
with lateral extension. They have good prognos-
tic outcomes when surgically treated. These ACs 
may have a mass effect on the pituitary stalk with 

less CSF flow coming from the infratentorial to 
the supratentorial space [4, 37].

4  Retroclival Arachnoid Cyst 
Classification

Understanding the suprasellar region and clivus 
anatomy, in particular the arachnoid membrane 
anatomical architecture, is essential for under-
standing the pathogenesis of ACs and planning 
effective surgical strategies. The basal region 
arachnoid membrane originates from the superior 
wall of the cavernous sinus and optic canals and 
continuing as the Liliequist membrane (LM) over 
the posterior clinoids. The LM often splits into 
two leaves, the diencephalic leaf (DL) of the LM 
and the mesencephalic leaf (ML) of the LM. The 
diencephalic and mesencephalic leaves separate 
the chiasmatic-interpeduncular cisterns and the 
interpeduncular-prepontine cisterns, respectively 
[5, 15, 19, 28, 45]. On the basis of anatomical 
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knowledge, the origins of the ACs of the ventral 
midline cisterns can be grouped into the follow-
ing five categories:

 1. Intra-arachnoid ACs that originate between 
two leaves of the diencephalic membrane 
[30].

 2. True ACs that arise from the interpeduncular 
cistern arachnoid membranes [28].

 3. Cystic dilatation of the interpeduncular cis-
tern [14, 46].

 4. True ACs that arise from the prepontine cis-
tern arachnoid membranes [28].

 5. True ACs that arise from the premedullary 
cistern arachnoid membranes [4, 45].

Clinically, the first three groups can be catego-
rized as “suprasellar ACs” which have already 
been categorized by Andre et al. [4] Interpeduncular 
cistern arachnoid formations (categories 1 and 2) 
are classified as suprasellar SAC-1. The cystic 
enlargement of the interpeduncular cistern (cate-
gory 3), which has been explained using a slit-
valve mechanism by Schroeder and Gaab, is 
classified as SAC-2 subtype. SAC-3 subtype is 
radiologically similar to SAC type 2 with lateral 
extension [4, 28, 30, 45, 46].

Sarica and Ziyal classified the prepontine and 
premedullary ACs (categories 4 and 5) into three 
subtypes, which can have different clinical pre-
sentations and treatment approaches [45]:

Retroclival AC (RAC) type 1 (RAC-1), the 
“suprasellar type,” is characterized by the cysts 
located in the prepontine and/or premedullary 
cisterns that extend beyond the borders of the DL 
of the LM, further compressing the third ventri-
cle floor and causing hydrocephalus. RAC-1 
should be treated using a similar approach as that 
for SAC-1. Currently, transfrontal endoscopic 
procedures are the reference standard for the 
treatment of these cysts in hydrocephalic patients 
[4, 11, 29, 37].

RAC type 2 (RAC- 2), the “retroclival type,” is 
characterized by the cysts located in the prepon-
tine and/or premedullary cisterns that do not cross 

the border of the DL of the LM or only mildly 
deflect the third ventricle floor, unlike the classical 
suprasellar cysts; these cysts mostly present with 
cranial nerve deficits. RAC-2 can be managed 
using either endoscopic or open surgery. To reach 
the clival region surgically, various trajectories 
with limitations and advantages have been formu-
lated, such as anteromedial (endonasal route), 
anterolateral (orbitozygomatic approach and ante-
rior petrosectomy), lateral (transpetrous presig-
moideposterior petrosectomy), and posterior 
(retromastoid retrosigmoid approach) [31, 45].

RAC type 3 (RAC-3), the “retroclival type with 
spinal extension,” is characterized by the RAC-2 
cysts that extend to the anterior spinal cistern. 
RAC-3 might require a more extended surgical 
approach or additional surgical approaches than 
those required for RAC-2, in particular if total 
cyst wall excision has been planned. RAC-3 can 
be approached in a manner similar to that used 
for RAC-2 type. However, for total excision or 
dual fenestration, an extended approach should 
frequently be used [4, 11, 31, 37, 45].

5  Spinal Arachnoid Cysts

Spinal ACs are rare pathological entities that usu-
ally present with back pain or myelopathy [12]. 
Theories on the physiopathology of spinal ACs, 
suggesting that they arise from diverticula in the 
septum posticum or ectopic arachnoid granula-
tions, have not been substantiated [13, 26, 38, 39, 
42]. In most cases, no underlying cause for the 
spinal ACs can be identified and is considered as 
an idiopathic. In some cases, spinal ACs can 
develop from arachnoid adhesions following 
spine trauma or inflammatory or infectious 
causes (Fig. 8). Surgical etiologies of ACs (iatro-
genic ACs) have also been described after con-
ducting various procedures, such as a lumbar 
myelography, vertebroplasty, and laminectomy 
[25, 34].

Spinal meningeal/ACs in humans have been 
categorized by Nabors et  al. in 1988, in which 
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Fig. 8 Sagittal and axial T2-weighted sequence MR views of a postmeningitic, anteriorly located AC in the thoracic 
spinal cord

three types are identified by operative and light 
microscopic examination. In this classification, 
type I cysts are extradural without involvement of 
spinal nerve root fiber, type II cysts are extradural 
cysts with spinal nerve root fiber involvement, 
and type III cysts are classified as intradural cysts 
[24, 33]. However, Qi J et al. advocated another 
classification system. In this classification sys-
tem, spinal ACs are divided into five types: (1) 
intramedullary cysts/syrinxes, (2) subdural extra-
medullary, (3) subdural/epidural, (4) intraspinal 
epidural, and (5) intraspinal/extraspinal. 
Intraspinal epidural spinal ACs (subgroup 4) are 
more common than other cyst types, followed by 
subdural extramedullary (subgroup 2) and intra-
medullary cysts/syrinxes (subgroup 1) [41].

Adhesion of arachnoid membrane especially 
after spine surgery (postoperative ACs) can also 
form a one-way valve entrapping circulating 
CSF, ultimately resulting in the formation of spi-
nal ACs [38, 44]. Surgical management of the 
spinal ACs consists of surgical exploration of the 
cyst and decompression via total cyst excision, 

marsupialization, fenestration, ligation of the 
communication site if possible or shunting, or a 
combination of these techniques [12].

6  Conclusion

ACs are non-tumorous lesions and considered as 
benign developmental/acquired anomalies. ACs 
are not exact neurodegenerative disorders; rather, 
the underlying defect of the architecture of the 
arachnoid layer is probably congenital in nature. 
They can occur sporadically or can be associated 
with other congenital malformations or disor-
ders. There are multiple classifications for ACs, 
most depending on their location. The classifica-
tion systems are made difficult by the anatomical 
variability of the arachnoid membranes and cis-
terns and the possible occupation of several cis-
terns or regions depending on the size of the 
cysts. An agreement between the different pro-
fessionals is necessary in order to establish a con-
sensus classification.
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Intracranial Hemorrhage 
Associated with Arachnoid Cysts

Haydn Hoffman and Grahame C. Gould

1  Introduction

Arachnoid cysts (ACs) are congenital anomalies of 
the arachnoid membrane that are usually diagnosed 
in children. They are believed to be due to abnor-
mal splitting of the arachnoid layer during folding 
of the neural tube [11]. Diagnosis of ACs is increas-
ing due to greater utilization of neuroimaging, and 
their prevalence is estimated to be 2.3% [10].

While ACs are frequently incidental findings, 
they may cause symptoms due to local mass 
effect, increased intracranial pressure (ICP), and 
obstruction of cerebrospinal fluid (CSF) flow. 
Asymptomatic ACs are often associated with 
benign natural histories [1], while symptomatic 
ACs may be considered for surgical treatments 
including fenestration, marsupialization, and 
shunting. ACs may also become symptomatic 
due to hemorrhage. This is rare, and the annual 
risk of hemorrhage for patients with middle fossa 
ACs is estimated to be <0.1% [4]. AC-associated 
hemorrhage (ACH) may be related to cyst rup-
ture, trauma, chronic subdural hematoma (cSDH) 
formation, or surgery. Frequently, patients who 
present with ACH had never experienced symp-
toms due to their AC. Here, we describe the etiol-
ogy, risk factors, treatment, and outcome of ACH.

2  Etiology and Classification

ACH may be classified according to its etiology 
(spontaneous or traumatic) and intracranial com-
partment (subdural, epidural, or intracystic). 
Figure 1 provides an overview of these categories.

Trauma is implicated in most cases of 
ACH. Multiple theories regarding the pathophys-
iology of traumatic ACH have been proposed. 
Intraoperatively, ACs have been observed to be 
associated with fragile bridging veins that con-
nect between the outer layer of the AC and the 
dura. The bridging veins may traverse the cyst 
wall, and their rupture may lead to SDH. Another 
potential mechanism is direct injury to the cyst 
wall itself, which may create a communication 
with the cyst cavity and the subdural space. Tears 
in the cyst wall could also lead to inflow of CSF, 
increase in intracystic pressure, and rupture of 
vessels within or around the AC.  Finally, ACs 
may be less compliant than normal brain tissue, 
leading to greater transfer of force to the brain 
during trauma [12].

ACHs may also occur spontaneously and have 
been reported to involve intracystic and subdural 
compartments. Prior reports have attributed these 
bleeds to cyst “rupture,” but do not describe why 
this could have occurred. As with traumatic ACH, 
bridging veins have been implicated, which could 
be stretched by cyst growth causing spontaneous 
hemorrhage similar to cSDH in elderly patients 
[15]. The AC membrane itself, which has been 
observed intraoperatively to be highly vascular, 
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could theoretically be prone to hemorrhage in a 
similar fashion. The inflammation and angiogen-
esis commonly implicated in cSDH of the elderly 
are less frequently described for SDH associated 
with ACs.

Subdural hematoma is the most frequent pat-
tern of ACH reported in the literature. These may 
be acute or chronic. The latter in a pediatric 
patient should raise suspicion for an underlying 
AC.  Intracystic hemorrhage is typically associ-
ated with SDH but has been reported to occur 
independently after trauma [5].

3  Risk Factors

Characterization of risk factors for ACH is lim-
ited by the rarity of the event, which makes 
obtaining large enough samples for statistical 
analysis challenging. In their literature review, 
Wu et al. reported a mean age of 24 years among 
182 patients with ACH and proposed that patients 
10–20 years old are at greatest risk for ACH [14]. 
The majority of reported ACH cases involve 
males, although this may just reflect the greater 
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incidence of AC in males [14]. The only case- 
control study comparing patients with and with-
out hemorrhage of their ACs found a history of 
head trauma and greater cyst diameter to be asso-
ciated with hemorrhage [2]. Another study found 
that middle fossa location was more common in 
patients whose ACs bled [13]. The authors related 
this to their intraoperative finding that the AC 
membrane is only loosely attached to the middle 
fossa dura and detachment leads to dural venous 
oozing. Parsch et al. identified a preponderance 
of Galassi type II ACs in their series of ACH and 
in the literature, but no difference in Galassi type 
was noted in another series [9, 13].

4  Diagnosis and Presentation

Patients with ACH often present in their second or 
third decade of life. This is contrary to non- AC- 
associated cSDH, which is primarily found in the 
elderly. Trauma is commonly implicated in ACH, 
so many patients present after a head injury. The 
trauma may be distant, with a mean duration of 
8  weeks before presentation in one ACH series 
[8]. Patients with spontaneous ACH may present 
with symptoms of elevated ICP such as headache 
and vomiting. Lethargy is less frequently observed 
due to the often chronic nature of ACH, but acute 
uncal herniation requiring emergency surgery has 
been reported [6]. Symptoms of elevated ICP are 
more common from cSDH associated with AC 
than cSDH in the elderly, likely due to the pres-
ence of cerebral atrophy in the latter [8]. Patients 
may also develop seizures or a focal neurologic 
deficit such as hemiparesis.

cSDH is the most common pattern of ACH 
(93.4%) followed by intracystic (55.1%) and epi-
dural hematoma [14]. ACH is typically ipsilateral 
to the AC; however, bilateral and contralateral 
cSDH have been reported. In a large systematic 

review of ACH, bilateral hematomas were 
observed in 6.5% of patients who presented with 
cSDH [14].

5  Treatment

Given the rarity of ACH, surgery for otherwise 
asymptomatic ACs to prevent bleeding events is 
not justified. Most patients who develop ACH 
present with cSDH, and acute management fol-
lows the typical principles of non-AC-associated 
cSDH.  Patients with absent or minimal symp-
toms and without mass effect on CT may be man-
aged expectantly with serial imaging. Resolution 
is often observed for these smaller collections. 
Hygromas may have a particularly favorable 
prognosis, with seven of eight patients in one 
series not requiring surgery [7]. In those who are 
symptomatic, initial treatment is aimed at evacu-
ating the hematoma through a burr hole or crani-
otomy. There is no clear preference for burr hole 
or craniotomy in the AC literature.

It is unclear whether concurrent treatment of 
the AC with fenestration into the basal cisterns or 
membrane removal is warranted. Although ACs 
typically have a benign natural history, those that 
have bled may represent a higher risk subset. 
Parsch et al. proposed that ACH can usually be 
managed without treatment of the cyst itself and 
reported excellent outcomes in 16 patients with 
this approach [9]. They reserved treatment of the 
AC for those with persistent symptoms after 
hematoma evacuation. Domenicucci et al. advo-
cated for the same approach based on their expe-
rience with eight patients [3]. ACs associated 
with hygromas have been reported to spontane-
ously resolve, possibly because the hygroma is 
formed by a tear in the cyst lining that functions 
similar to a surgical fenestration [7]. A proposed 
treatment algorithm is shown in Fig. 2.
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Fig. 2 Proposed treatment algorithm for AC-associated hemorrhage

6  Outcome

Published outcomes following ACH are favor-
able with low rates of morbidity and high rates of 
symptom resolution. These should be interpreted 
with caution, however, given the high potential 
for publication bias with case reports and small 
series. Wu et al. reported a 98.8% rate of favor-
able outcomes (defined as a Glasgow Outcome 
Scale of 5) among 161 cases in the literature [14]. 
The excellent outcomes may be explained by the 
higher rate of brain expansion after evacuation of 
AC-associated cSDH compared to non-AC- 
associated cSDH [8].

The primary complication following surgery 
for ACH is cSDH recurrence. In the elderly popu-
lation, this is a major cause of morbidity; how-
ever, it appears to be less problematic in younger 
patients with ACs. A systematic review of 182 

patients with ACH reported an 8.2% recurrence 
rate [14]. Those with recurrence underwent burr 
hole drainage, craniotomy, or burr hole drainage 
with middle meningeal artery embolization. 
None of the patients with recurrence experienced 
a negative outcome related to the bleed [14]. 
Treatment of the AC may be considered if it was 
not addressed in the index surgery. Additional 
complications include CSF leak.

7  Case Presentation

A 16-year-old male with no significant past med-
ical history presented to the Emergency 
Department (ED) with subacute lower back pain 
that radiated down the left leg. There was no his-
tory of trauma, and his neurologic exam was 
unremarkable. MRI of the lumbar spine demon-
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strated a dorsal SDH at L5-S1. Further imaging 
of the neuroaxis was performed, which revealed a 
left type III middle fossa AC with bilateral sub-
acute SDHs (Fig. 3). Subacute intracystic hemor-
rhage was also present. Given the patient was 
neurologically intact without symptoms attribut-
able to the cyst or intracranial SDH, he was ini-

tially managed expectantly with the plan for 
close outpatient follow-up. He returned to the ED 
5 days later with worsening headache and nuchal 
rigidity. Head CT showed stable subacute cSDH 
and intracystic hemorrhage. Given his worsening 
symptoms, surgical treatment was pursued with 
plan for simultaneous AC fenestration and bilat-

Fig. 3 Preoperative axial CT demonstrates a left type III 
middle fossa AC containing subacute blood (top left) as 
well as bilateral subacute convexity subdural hematomas 
(top right). Preoperative T2-weighted axial MRI demon-
strates subacute blood within the cyst as well as a small 

rim of hyperintensity anteriorly, which likely corresponds 
to the cyst’s normal cerebrospinal fluid content (bottom 
left). The coronal T2-FLAIR sequence shows both subdu-
ral hematomas (bottom right). The hematoma ipsilateral 
to the cyst is slightly larger and contains a fluid level
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eral cSDH evacuation. The AC was fenestrated 
medially into the opticocarotid cistern through a 
left mini-pterional approach. Small craniotomies 
were created over each cSDH to evacuate the 
blood and resect the hematoma membrane. 
Subdural drains were left in place and removed 
on postoperative day (POD) #2. The patient 
remained neurologically intact and was dis-
charged home on POD #5. At 1 month follow-up, 
the patient’s headaches were resolved.

8  Conclusion

ACH is a rare phenomenon that is usually character-
ized by cSDH ipsilateral to the cyst. Potential risk 
factors for ACH include trauma, larger cyst size, 
and middle fossa location. Conservative manage-
ment may be pursued for smaller hematomas with-
out significant symptoms or mass effect. Excellent 
outcomes are reported after surgical evacuation of 
ACH regardless of whether the cyst is fenestrated.
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Spontaneous Resolution 
of Arachnoid Cysts

Ved Prakash Maurya, Priyadarshi Dikshit, 
Mayank Singh, Maruti Nandan, 
Guramritpal Singh, Vikas Dwivedi, 
and Sanjay Behari

1  Introduction

Arachnoid cysts (ACs) are rare intracranial space 
occupying lesions and represent less than 1% of 
all the intracranial lesions [32]. Despite the 
extensive research and clinical studies being per-
formed on them, several facts regarding the ori-
gin, presentation, and natural course of the 
disease still remain an enigma [34]. A high inci-
dence of ACs is now being diagnosed with the 
advent of newer diagnostic modalities.

To date, the natural history of ACs has not 
been completely elucidated. The phenomena of 
spontaneous resolution are sparsely described, 
either in the form of case reports or review arti-
cles. There is a relative lack of literature regard-
ing the natural history of an asymptomatic 
AC. There exists no correlation between an indi-
vidual’s age and the size of the AC. The rate of 
spontaneous resolution of ACs at various posi-
tions is also undetermined.

2  Historical Background

In 1830, Bright brought the attention of the world 
towards this innocuous lesion of the intracranial 
cavity. The lesion, with its usual extra-axial loca-

tion, is mostly avascular and usually does not 
cause a significant mass effect. Some reports also 
indicate a rare, malignant transformation of these 
lesions [25]. Another tendency of these benign 
lesions is to undergo reduction in their size. This 
very uncommon event has been noticed in less 
than three percent of the patient population, who 
are diagnosed to be harboring an AC [11].

It took almost six decades to report the first 
case of an AC that had undergone spontaneous 
reduction or total resolution. In 1987, Beltramello 
reported the first case of spontaneous resolution 
of an AC without the need for any surgical inter-
vention. It was hypothesized that this rare event 
of spontaneous resolution usually occurs in the 
first or second decades of life [6].

3  Impact of the Disease

Middle cranial fossa contributes to more than 50% 
of intracranial ACs. The other less common loca-
tions where ACs may be found are the cerebral 
convexity, the parasellar region, the quadrigeminal 
as well as cerebellopontine angle cisterns, and the 
subarachnoid spaces of the posterior cranial fossa, 
in a decreasing order of frequency. The actual 
prevalence of an AC in the society may be higher 
as it may have been present, and yet, may not have 
produced any clinical manifestations [23, 24]. The 
incidence of hematoma formation following a cra-
niotomy or a burr- hole drainage of ACs has been 
well documented in literature [26]. The incidence 
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of spontaneous resolution has been reported fol-
lowing the sustenance of a head injury; however, 
this phenomenon may also occur without any his-
tory of injury. The event of spontaneous resolution 
is most commonly encountered in the middle cra-
nial fossa lesions, followed by anterior fossa 
lesions, and least commonly in the posterior cra-
nial fossa lesions [27]. Most of these cysts are con-
genital in origin. Many of them enlarge during the 
early years of life and become symptomatic at the 
time of adolescence. The male population is 
affected twice as often when compared to the 
female one [28].

4  Radiological Evaluation 
of Arachnoid Cysts

Most of the ACs are noticed incidentally during 
the workup performed for other ailments, or dur-
ing the conduction of a routine antenatal ultraso-
nography. ACs in the intrauterine life are observed 
as hypoechoic cystic lesions, and most of these 
become obscure by the time of the child’s first 
birthday. The CT scan appearance is characteris-
tic and is similar to the appearance of cerebrospi-
nal fluid (CSF) in the ventricles. A hypodense 
appearance on a CT scan image, without adjoin-
ing cerebral edema, with the lesion having no 
contrast uptake, is a characteristic radiological 
feature of an AC. On MRI, ACs appear as hypoin-
tense lesions on T-weighted image (WI) and as 
hyperintense lesions on T2WI. The diffusion- 
weighted image (DWI) and fluid-attenuated 
inversion recovery (FLAIR) sequences are highly 
useful in diagnosing these lesions and in differen-
tiating ACs from other cystic lesions of the brain 
[39]. Upon diagnostic intrathecal contrast CT cis-
ternography, there appears to be avid filling of the 
contrast in type I ACs, while type II ACs fill after 
a small latency period. On the other hand, type III 
ACs do not fill upon contrast administration. On 
the basis of contrast filling and communication 
with the cerebral cisterns, type I and II ACs are 
considered as arachnoid diverticula. On the con-
trary, type III ACs are regarded as true and non- 
communicating ACs [15].

5  Clinical Manifestations 
of ACs

Primary ACs arise as a result of splitting of two 
layers of the arachnoidal membrane while sec-
ondary ACs appear following head trauma, sur-
gery, infection as well as intracranial bleed. The 
prevalence of ACs is around 1.4%, with the pre-
dominant involvement of female patients, while 
it is 2.6% in the pediatric age group. The clinical 
presentation depends upon the location of the 
cysts, which in turn is the result of neurovascular 
compression. On the basis of clinical symptom-
atology, Choi et al. advocated the occurrence of 
three categories of ACs [8].

Sommer and Smit conducted a review of 19 
patients with ACs in various locations of the cra-
nial cavity (both supratentorial and infratento-
rial). There was a significant variation in clinical 
symptoms in accordance with their location, but 
most of these cysts were detected incidentally 
and remain asymptomatic throughout their life. 
Robust evidence is lacking regarding the influ-
ence of size of ACs on the severity of clinical 
symptoms [36].

6  Management of AC

Galassi and colleagues classified ACs of the mid-
dle cranial fossa into three types, depending upon 
their size as well as the severity of clinical 
symptoms.

Type I: Mildest form of ACs, which are small 
lesions having spindle-shaped appearance and 
are not associated with any mass effect in the 
form of compression of brain matter or midline 
shift. Type II: These cysts are larger than the type 
I variety and are associated with mass effect in 
the form of compression on the ventricular sys-
tem in more than half of the cases. Type III: These 
are ACs with the severest forms of manifesta-
tions. These cysts are large in size and are often 
associated with a significant mass effect on the 
cerebral cortex as well as the ventricular system 
[13]. According to Smith and Smith, the surgical 
interventions that are most prevalent in the man-
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Fig. 1 The proposed algorithm for management of ACs

agement of ACs are craniotomy with arachnoid 
membrane removal, and cystic fenestration into 
potential cisternal spaces [1].

The management of symptomatic and asymp-
tomatic ACs may be according to the proposed 
algorithm (Fig. 1).

7  Pathophysiology 
of Spontaneous Resolution 
of AC

The phenomenon of spontaneous resolution (also 
called spontaneous regression) of ACs is a grad-
ual and time-taking process, and hence, left 
unnoticed in most of the cases. ACs undergoing 
spontaneous resolution constitute a very small 
proportion of cases, which are reported and pub-
lished in the form of case reports or case series 
(Table 1).

The microanatomical location of ACs 
revealed that these cysts appear due to the split-
ting of arachnoidal layers and the creation of a 

potential space between the two thin layers of 
arachnoid. The split between these two layers is 
localized and the size depends upon the capa-
ciousness of the cistern of cerebral lobes 
involved. Sometimes, the phenomena that are 
responsible for the origin and expansion of ACs 
exceed the threshold limits and result in the 
release of contents into the surrounding spaces. 
The ball-valve mechanism (ingress of fluid into 
the cyst that cannot escape back into the extra-
cyst tissues), the osmotic gradient theory (the 
attraction of fluid into the cyst due to the osmotic 
gradient existing between the cyst and the extra-
cyst environment), the malformation theory 
(considering cyst as the trapped fluid associated 
with cerebral lobe agenesis), and the hyperse-
cretion of fluid by the cyst lining are among the 
proposed mechanisms responsible for the origin 
of ACs [4]. No time limit dictates the duration 
after which spontaneous resolution of an AC is 
noticed. Thus, the time interval after diagnosis 
of these intracranial ACs to their spontaneous 
resolution varies from weeks to years.

Spontaneous Resolution of Arachnoid Cysts
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8  Preferential Resolution of AC 
According to Its Site

The lesions located at the base of skull are more 
prone to spontaneous rupture due to the presence 
of basal rugosities. These rugosities may cause a 
spontaneous rupture of the ACs with even a mini-
mal mechanical impact. The possible reason for 
the maximum resolution of the cyst in the middle 
cranial fossa may be because of their high fre-
quency in this region, which in turn is the result 
of the presence of several arachnoidal reflections. 
During development, the bones of skull follow 
the lobes of brain. This often leads to a focal thin-
ning of the inner table of skull at the site of occur-
rence of the convexity AC.  The surfacing cysts 
are more prone to rupture even after mild impact 
over the head due to their proximity to the overly-
ing bone of the skull.

9  Proposed Mechanism 
for the Spontaneous 
Resolution of ACs

The possible mechanisms responsible for the 
spontaneous resolution of ACs are as follows:
 1. The ball-valve mechanism (ingress of cere-

brospinal fluid that is unable to find an outlet 
through the cyst membrane) leads to a pro-
gression in the cyst size. At a point, the intra-
cystic pressure exceeds the threshold 
pressure within the cyst, leading to its rup-
ture. The ball-valve mechanism of fluid 
ingress into the AC may also get spontane-
ously reversed leading to resolution of the 
cyst or a decrease in the cyst size. This phe-
nomenon is more common in the middle cra-
nial fossa ACs.

 2. The osmotic gradient reversal may lead to a 
resolution of the cyst. The osmolality of the 
microenvironment surrounding the AC may 
usually be higher than the AC itself leading 
to fluid inflow into the cyst. Occasionally, the 
oncotic pressure of the extra-cystic fluid may 
be higher resulting in the diffusion of the 
fluid across the AC membrane, leading to a 

spontaneous resolution of the AC. This may 
especially occur due to the use of hypertonic 
fluid to combat raised intracranial pressure. 
The hypertonicity induced into the intravas-
cular compartment dehydrates the brain 
parenchyma, and this change in oncotic pres-
sure results in efflux of fluid from the cyst 
into the surrounding extracellular and the 
neurovascular compartment.

 3. The decompression or excision of a concom-
itantly existing space occupying lesion 
(SOL) may lead to the reduction of intracra-
nial pressure (ICP) and the compensatory 
expansion of the brain tissue compressed by 
the SOL.  Pascal’s law may determine the 
physiological changes in the AC. According 
to Pascal’s law, the pressure applied any-
where in a confined incompressible fluid (in 
this situation, the CSF is considered as a non- 
compressible liquid) is transmitted equally in 
all directions throughout that fluid. The 
tumor excision leads to a fall of the peri- 
cystic pressure, which consequently may 
lead to the sudden stretching of the cyst wall. 
This sudden expansion in the cyst wall leads 
to the cyst rupture, and hence, to the resolu-
tion of the cyst.

 4. Kato et  al. proposed that the disappearance 
of ACs following surgical intervention could 
be as a result of the establishment of an aber-
rant communication of the cyst with the sub-
arachnoid space [18].

 5. The phenomenon of subarachnoid hemor-
rhage (SAH) or chronic meningitis initiates a 
cascade of events which include scarring of 
variable degree in the subarachnoid space, 
leading to considerable tethering of the cyst 
walls to each other and to the surrounding 
tissue. This may lead to the obliteration of 
the cyst cavity. The bleed in the brain tissue 
or the increase in the protein content in CSF 
causes deposition of significant amount of 
ferritin as well as other osmotically active 
materials. This leads to subtle but constant 
inflammation of the cerebral tissue along 
with the osmotic gradient across the cyst 
wall. The presence of subarachnoid hemor-
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rhage or chronic meningitis may occasion-
ally result in a gradual resolution in the size 
of the AC.

 6. The expanding cyst wall may cause a breach 
of the pia mater and may lead to white matter 
edema. The semipermeable membrane of the 
AC is vulnerable to the synchronous and pul-
satile cardiorespiratory excursions, leading 
to gradual egress of fluid into the brain 
parenchyma. An impact on the AC wall dur-
ing maneuvers such as coughing, rigorous 
breathing, and sports-related activity may 
produce adequate amount of stress to cause 
the breakthrough release of the AC cavity 
pressure. This may be the reason for the 
spontaneous resolutions of ACs to be more 
noticeable in the younger population [38].

 7. The increasing size of the cyst that are 
located adjacent to the ventricles and rarely 
within the ventricles may lead to the simulta-
neous breach of the cyst and ependymal wall 
of the ventricle. This may cause a sudden 
decompression of the cyst cavity.

 8. The fragile nature of the vessel wall is 
noticed due to an underlying connective/col-
lagen tissue disorder in conditions such as 
microscopic polyangiitis, Wegener’s granu-
lomatosis, scleroderma, etc. The traversing/
peri cystic arterioles are under continuous 
stretch/tension and often rupture due to the 
mass affect. The lack of a tamponade effect 
leads to continuous bleeding in and around 

the cyst. This sudden bleeding leads to cyst 
volume augmentation, causing the cyst wall 
rupture and release of contents to the subdu-
ral space or the subarachnoid space.

 9. The CSF diversion performed to manage 
obstructive hydrocephalus leads to a signifi-
cant reduction in intracranial pressure. The 
significant pressure gradient across the cyst 
wall and the sudden change in fluid dynam-
ics lead to shrinkage of cyst size or the rup-
ture of the cyst wall.

 10. The walls of the convexity ACs are in close 
proximity to the dura mater. Even a trivial 
blow to the head, such as minor blow on the 
head or a trivial fall from height that may 
often go unnoticed, may lead to cyst decom-
pression towards the less pliable side, that is, 
towards dural side (Fig. 2).

 11. The cysts located at the lateral aspect are 
prone to undergo compression due to weight 
of the lobes. These mechanical compressions 
sometimes lead to gradual resolution of the 
cyst due to a spontaneous rupture of the cyst 
wall or the gradual egress of its contents due 
to the differential hydrostatic pressure across 
the cyst wall. The larger ACs of the temporal 
lobe (as suggested by Robinson) may decom-
press but occasionally fail to resolve com-
pletely, even after surgical intervention, due 
to the residual mass effect of the lobes that 
cause the cyst outlet to close after a partial 
ejection of its contents [18, 31].

Fig. 2 Schematic 
diagram showing the 
proposed pathway for 
the spontaneous 
resolution of ACs. 
Number 1 (in blue 
circle): subarachnoid 
space; Number 2 (in 
blue circle)/Red triangle: 
subdural space (Thanks 
Dr. Indubala Maurya, 
medical illustrator for 
this drawing)

Spontaneous Resolution of Arachnoid Cysts
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Fig. 3 The sagittal section of a T1WI MRI scan of a child 
showing a hypointense lesion (AC) entrapped in the cavity 
of fourth ventricle

 12. Resolution of a spinal AC is an extremely 
uncommon phenomenon and only a single 
case report has been mentioned in literature 
(Table 1). The space constraint in the spinal 
cord as well as the robust musculoskeletal 
anatomy prevents mechanical impact over 
these ACs. Drainage of CSF following a 
lumbar puncture as well as following several 
spinal epidural anesthetic procedures gener-
ates significant pressure gradient across the 
thin wall of spinal ACs. This phenomenon 
may lead to a gradual and relatively asymp-
tomatic resolution of the spinal AC.

There exist a number of case reports and case 
series alluding to the spontaneous resolution of 
ACs, but a majority of these reports refer to ACs 
in the infratentorial compartment. A number of 
reports are available wherein ACs are also notice-
able in the fourth ventricular cavity (Fig. 3).

10  Spontaneous Resolution 
of a Prepontine AC

The ACs in this location are also developmental 
anomalies similar to ACs at other locations. 
These lesions are noticed almost exclusively in 

the pediatric age group. These patients present 
with features of raised intracranial pressure in 
the form of visual disturbances, headache, vom-
iting, endocrine dysfunction, and/or cranial neu-
ropathies. Some of these cysts are diagnosed 
incidentally when routine prenatal or postnatal 
imaging is formed. The presence of vital struc-
tures in the vicinity of the prepontine AC war-
rants a lower threshold for surgical intervention. 
Dodd et al. reported a case of a prepontine AC 
that underwent a spontaneous resolution follow-
ing close observation for a period of 5  years 
[12]. The prepontine location of an AC is among 
the rarest location and this AC often extends 
upward into the suprasellar region. On the basis 
of neuroimaging (cine-mode MRI) and neuro-
endoscopy, Fitzpatrick and Barlow suggested 
that the cysts in the suprasellar region originates 
in the prepontine arachnoid space and expands 
in the upward direction. The basic pathophysiol-
ogy behind the origin of these cysts is the pres-
ence of a slit-valve mechanism, which appears 
due to the piercing of arachnoid membrane in 
the prepontine cistern by the basilar artery. 
Hence, a few authors refer to these lesions as the 
suprasellar-prepontine ACs [14]. In order to 
relieve the symptoms of raised intracranial pres-
sure, these cysts are occasionally subjected to 
stereotactic aspiration, in addition to the stan-
dard surgical modalities employed for diversion 
of the cyst contents or for excision of the cyst 
wall [33].

A series by Beltramello and Mazza, in 1985, 
reported the first spontaneous resolution of an 
AC, in a patient having a middle cranial fossa 
AC, presenting with seizures. In literature, 
multiple reports of spontaneous resolution of 
ACs have been described following minor 
trauma to head, the development of meningitis 
and among patients with asymmetric macro-
cephaly in the pediatric population. Yoshioka 
et al. reported a case of spontaneous resolution 
of an AC in a 2-month-old child following the 
development of meningitis. In this case, the 
phenomenon of spontaneous resolution was 
noticed 10 days later, following the process of 
initial expansion of the cyst. The possible 
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mechanism underlying this resolution may 
have been rupture of the cyst wall into the sub-
dural space [45].

Inoue et  al. reported a case where the AC 
resolved spontaneously once the associated thin 
subdural hematoma underwent resolution on its 
own. The mean duration taken for the cysts to 
undergo spontaneous regression was 9  months 
for the traumatic cases, while it was 50 months 
for the nontraumatic cases. There was no sig-
nificant difference in the age group of the indi-
viduals undergoing spontaneous resolution of 
the ACs [17].

There are reports where ACs have been 
noticed in the intrauterine life during the perfor-
mance of antenatal ultrasonography and these 
have undergone spontaneous resolution follow-
ing childbirth.

The choice of intervention depends upon the 
location of the AC. The latest literature supports 
the usage of endoscopic fenestration as the pre-
ferred mode of treatment over microsurgical 
decompression.

11  Spontaneous Resolution 
of a Middle Cranial Fossa AC

More than half (50–65%) of the ACs occur in the 
middle cranial fossa (Fig. 4). The possible reason 
for this high incidence in this location is the pres-
ence of maximal arachnoidal reflections in the 
Sylvian fissure as well as in the base of the skull. 
The popular classification proposed by Galassi is 
applicable for middle cranial fossa ACs.
Type I: They remain asymptomatic and majority 

of the cases are located in the anterior part of 
middle fossa.

Type II: They extend upwards along the Sylvian 
fissure and occasionally displace the temporal 
lobe. Features of compression of the brain 
matter are obvious.

Type III: These lesions are significantly larger in 
size and occupy almost the entire middle cra-
nial fossa cavity. These lesions not only dis-
place the temporal lobe by virtue of their size 
but also cause compression over the frontal 
and parietal lobe [2].

a b

Fig. 4 (a) The axial view of T1WI MRI scan shows a 
hypointense well-defined cystic lesion in the region of left 
Sylvian fissure. There is significant crowding of the gyri 

on the posterior aspect of the lesion. (b) The T2WI scan 
shows a hyperintense lesion with edema extending to the 
adjoining white matter

Spontaneous Resolution of Arachnoid Cysts
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11.1  Surgical Nuances

The available treatment options for managing 
ACs of middle cranial fossa are endoscopic or 
microsurgical fenestration of the cyst, craniot-
omy and removal of the cyst wall, as well as the 
diversion of the cyst fluid with the help of a CSF 
diversion procedure (Fig. 5). The selection of the 
treatment modality depends on the structure of 
the AC and its relation to the adjacent neurovas-
cular structure. The radiological appearance of 
the chiasmatic and interpeduncular cisterns acts 
as an indicator in deciding the modality of treat-
ment [9].
 1. When there is adequate space in the opticoca-

rotid cistern, as well as between the tentorial 
notch and the oculomotor nerve, with the cyst 
having a thin-walled membrane, an endo-
scopic cyst fenestration in the cisternal space 
is preferred.

 2. In the case when the cyst wall is thicker and 
the cyst is in close proximity to adjacent vital 
structures, the preferred modality is microsur-
gical fenestration of the cyst.
A recent meta-analysis advocated that despite 

availability of several treatment options, the 
endoscopic modality should be favored as it is 
less invasive and causes lesser postoperative 
complications [7].

12  Spontaneous Resolution 
of an Interhemispheric AC

Mori at al. categorized the cysts in this area into the 
midline and parasagittal ACs. The presence of mid-
line cysts indicates agenesis of the corpus callosum, 
as well as significant compression on the roof of the 
ventricles. Such cysts are noticeable at the time of 
birth, are often multi-loculated on screening sonog-
raphy, and usually lead to hydrocephalus. The treat-
ment consists of fenestrating the cyst into the roof of 
third ventricle as well removal of the septations. On 
the other hand, a parasagittal location of the cysts is 
often found in toddlers, and corpus callosum agen-
esis is infrequent. Being located in the paramedian 
plane, there are less chances of developing hydro-
cephalus. Therefore, cyst wall excision remains the 
treatment of choice [24].

13  Spontaneous Resolution 
of a Suprasellar AC

The anatomical proximity of these cysts to the 
third ventricle results in hydrocephalus being one 
of the chief presenting complaints. Endoscopic 
fenestration of the cysts is considered as the pre-
ferred treatment modality. Gui et  al. suggested 
that among the endoscopic procedures, the ven-
triculocystocisternostomy is associated with 
much higher success rate than solely a ventricu-
locystostomy or cystocisternostomy [16]. The 
spontaneous fenestration of the cyst through the 
third ventricular floor may also be a possible 
mechanism for its spontaneous resolution.

14  Spontaneous Resolution 
of a Quadrigeminal AC

ACs of this region are extremely rare with less 
than 100 cases reported to date.

The cysts of the quadrilateral cistern are cate-
gorized into three types. Type I cysts are those 
having supratentorial as well as infratentorial 
extension; those with only infratentorial extension 
are labeled as Type II cysts (these include the 
supracerebellar or the supra-retrocerebellar cysts); 

Fig. 5 Intraoperative photograph showing a large Sylvian 
AC of the left side. The cyst is causing significant com-
pression of the frontal and temporal lobes
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and those cysts having a lateral extension towards 
the temporal lobe are grouped as the Type III ACs. 
ACs of the quadrigeminal cistern, due to an early 
compression of the cerebral aqueduct, lead to ven-
tricular dilatation as an early manifestation. These 
lesions manifest with an increasing head size, 
headache, vomiting, failure to thrive, and disorders 
of the ocular movement. In view of the significant 
mass effect and obvious symptoms, these lesions 
require urgent attention. A study conducted by 
Cinalli et al. proposed endoscopic decompression 
as the preferred modality of treatment with a 90% 
success rate. The higher success rate was associ-
ated with the combined endoscopic third ventricu-
lostomy and ventriculocystostomy as the treatment 
modality [10].

A literature review conducted by Bristol et al., 
from 1985 to 2007, revealed a higher incidence 
of spontaneous resolution of middle cranial fossa 
ACs when compared to cysts at other sites. The 
possible explanation underlying the higher rate 
of resolution of ACs in this location was an 
increased surface area of the AC, which was 
exposed to the dorsolateral surface of the middle 
cranial fossa cavity. The lesion being more 
exposed to the bony surface is more at risk to 
undergo tear or injury to the arachnoidal wall fol-

lowing even minor trauma. These events are 
noticed more in the pediatric or the adolescent 
age group. The events which precipitate sponta-
neous resolution include sports-related activity, 
prolonged coughing, hyperventilation, or minor 
head trauma [6].

15  Spontaneous Resolution 
of Cerebellar AC

The incidence of cerebellar AC is extremely rare 
and spontaneous resolution of AC at this location 
is of utmost rarity. Turgut M. (2002) described an 
intra-axial AC in the right cerebellar hemisphere 
of a 1-year-old boy. He made an uneventful 
recovery over the period of 3 years. The subse-
quent imaging of brain revealed complete sponta-
neous resolution of AC [40].

16  Spontaneous Resolution 
of a Spinal AC

Limited literature is available regarding the 
spontaneous resolution of a spinal AC (Fig. 6). 
A single case report of spontaneous resolution 

Fig. 6 The sagittal view 
of T2WI of MRI spine 
shows an intradural 
extramedullary AC 
(from T3 to T11) with 
two loculations

Spontaneous Resolution of Arachnoid Cysts
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of spinal AC in the cervical segment was 
reported by Moorthy et  al. in 2017. In this 
report, the C5 to C7 intradural extramedullary 
AC resolved  completely over a period of 
3 weeks following the establishment of its diag-
nosis on MRI [22].

17  Lesions Mimicking an AC, 
with Varied Presentation

There are lesions which often mimic an AC on 
radiological evaluation but have an entirely dif-
ferent origin and a natural course of the disease. 
These include suprasellar cystic lesions, such as 
Rathke’s cleft cysts, epidermoids, cystic cranio-
pharyngiomas, parasitic infestation (inactive 
form of neurocysticercotic cyst) as well as devel-
opmental anomaly such as porencephalic cysts. 
Most of the time, rupture of these infective as 
well as neoplastic lesions leads to vasospasm and 
meningitis. On the contrary, the rupture of ACs is 
associated with subdural hygroma, hematoma 
formation, or spontaneous resolution [35].

18  Conclusion

ACs are benign lesions and their natural progres-
sion takes a variable course. The treatment 
options of ACs depend upon the clinico- 
radiological correlation rather than its radiologi-
cal appearance. A case-wise decision making is 
desirable. The patient should be educated about 
the clinical signs of deterioration and the risks 
associated with observation versus surgical inter-
vention. The need for surgical intervention must 
be reserved for patients who either show disease 
progression or clinical deterioration.
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Part III

Neuroimaging of Arachnoid Cysts

 Editor’s Summary

In this “Part III: Neuroimaging of Arachnoid Cysts,” there are a total of four 
chapters describing the various forms of neuroimaging that is employed to 
evaluate these fluid-filled collections. Even today, the diagnosis of arachnoid 
cysts (ACs) can at times be difficult for clinicians to determine. This part 
begins with the routine radiological evaluation of ACs which is primarily 
performed using computed tomography (CT) and magnetic resonance 
imaging, in addition to x-ray and myelography. Now, these basic imaging 
techniques are usually sufficient for obtaining an accurate diagnosis of the 
presence of an AC. Occasionally, the intrauterine diagnosis of ACs can be 
made during routine obstetrical monitoring during pregnancy via 
ultrasonography as is described in 15. Although not usually necessary for the 
evaluation of patients with ACs, metrizamide CT cisternography can be 
occasionally useful as is discussed in the next chapter. This part concludes 
with the nuclear medicine tomographic imaging technique known as SPECT 
imaging for providing additional information for diagnosing ACs.
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Radiological Evaluation 
of Arachnoid Cysts

Pinar İlhan Demir, Almila Coşkun Bilge, 
and Ahmet T. Turgut

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 

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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c d

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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c d

Fig. 2 (a–d) MRI of the brain of a 6-year-old child. 
There is an AC at the left temporal pole that was diag-
nosed incidentally during fetal ultrasonography. After sev-

eral years of follow-up, the AC was stable in volume and 
shape. There is remodeling of the skull near the sphenoid 
bone and orbital walls
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a b

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].

P. İ. Demir et al.
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a b

c

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 T1-weighted MR 

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

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 

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 

Radiological Evaluation of Arachnoid Cysts



138

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 

a b

c

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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a b

c d

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].

Radiological Evaluation of Arachnoid Cysts
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a b

c d

e

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].

3.4  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. (c) 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-

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

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-

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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a b

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 

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

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.

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

a b

Fig. 13 (a–d) A 36-year-old man incidentally diagnosed 
with a homogeneous cystic lesion on examination for 
multiple sclerosis. An extraaxial lesion with T1 and 

FLAIR hypointense, T2 hyperintense signals without dif-
fusion restriction. The diagnosis is AC
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(W) sequences provide excellent visualization of 
fetal intracranial anatomy by optimizing the high 
tissue contrast between amniotic fluid and fetal 
tissue. T1W 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, 
Menière’s disease, and hearing loss are com-
monly encountered symptoms, but these clinical 

c d

Fig. 13 (continued)

P. İ. Demir et al.



149

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 T1-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 T1- 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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Intrauterine Detection 
of Arachnoid Cysts

Farideh Nejat

1  Introduction

The literature describes numerous physicians 
around the world who were managing the medi-
cal problems of human beings with the available 
diagnostic and surgical tools related to that spe-
cific time period. At least some documents con-
cerning medical and surgical management of 
early humans date back to more than 12,000 years 
ago [11]. Parallel to the advancement in engi-
neering and technology, the medications and 
medical tools improved, and with good coopera-
tion between knowledgeable engineers and phy-
sicians, more development in the diagnostic and 
medical armamentarium were achieved.

The first report of the ultrasound application 
in obstetrics and gynecology was documented in 
1958 in a manuscript from Glasgow which dem-
onstrated a gynecological mass associated with 
the first ultrasonic image of a fetus [9]. 
Technological advances such as solid-state cir-
cuitry, real-time imaging, and Doppler, transvag-
inal, and three- and four-dimensional ultrasound 
have developed the investigation and manage-
ment of patients, especially the evaluation of the 
fetus for fetal anomalies[6]. The first report of 
prenatal diagnosis of a central nervous system 
(CNS) anomaly known as anencephaly was pub-

lished in the late second or third trimester of 
pregnancy in 1964 [6]. The second CNS anomaly 
was reported after diagnosis of spina bifida by 
ultrasound in 1975 [5].

Major advancements in the expertise of sonog-
raphers and also the technology of fetal neuro-
sonography specifically transvaginal and 3D 
ultrasound have increased the detection rate of 
CNS malformations in up to 90–95% of cases 
[19]. With a standardized anatomical protocol, 
severe structural anomalies could be detected 
even in the first trimester [16]. Intrauterine MRI 
as an excellent supplementary method to ultra-
sound found a fundamental role to reconfirm the 
anomalies discovered by ultrasound [19]. 
Furthermore, third trimester MRI can detect 
additional CNS anomalies in 15% of cases [18].

Arachnoid cysts (ACs) are rare intracranial 
masses which are located within the cerebrospi-
nal fluid cisterns and the major cerebral fissures. 
The etiology of congenital ACs is not well under-
stood. The natural course of ACs after prenatal 
detection is unknown. Some pregnancies are 
ended as termination or stillbirth, but in surviving 
neonates, the course is relatively diverse. In most 
cases, the malformation remains stable or pro-
gresses [4] in size but rarely regresses [12].

The outcome is dependent to the patient’s age 
at the time of diagnosis, the size and location of 
lesion, the rate of cyst growth, the brain integrity 
[20] and more importantly the associated abnor-
malities that are present, and the severity of the 
ventriculomegaly [2, 7].

F. Nejat (*) 
Department of Pediatric Neurosurgery, Children’s 
Medical Center, Tehran University of Medical 
Sciences, Tehran, Iran
e-mail: nejat@sina.tums.ac.ir; nejat@tums.ac.ir

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023 
M. Turgut et al. (eds.), Arachnoid Cysts, https://doi.org/10.1007/978-3-031-22701-1_15

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-22701-1_15&domain=pdf
mailto:nejat@sina.tums.ac.ir
mailto:nejat@tums.ac.ir
https://doi.org/10.1007/978-3-031-22701-1_15


158

2  Case Presentation 
of Prenatal Detection 
of the Arachnoid Cyst

A 30-year-old primigravid lady was scanned rou-
tinely at 32 weeks of gestation of her twin fetus 
pregnancy. During the brain study of one male 
fetus, a noncommunicating anechoic 50 × 45 mm 

mass in the left parietal paramidline with com-
pression on the lateral ventricle was found. There 
was also agenesis of the corpus callosum. The 
lesion was absent on the previous ultrasound scan 
at 20 weeks of pregnancy. The scan was repeated 
after 4 weeks which demonstrated mild increase 
in the size of the cyst (Fig. 1a). The twin neonates 
were born through uneventful caesarian section. 

ba

c

Fig. 1 (a) Ultrasound imaging of the fetus showing an 
interhemispheric cyst. (b) Brain postnatal MRI confirms 
the prenatal diagnosis of an interhemispheric cyst and cor-
pus callosum agenesis. The cyst found increased in size. 

(c) Brain MRI at age of 4 years shows a decrease in the 
size of cyst without hydrocephalus. On the right side, a 
small interhemispheric AC is obvious

F. Nejat
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The child with the AC had head growth and fon-
tanel position like his brother. Postnatal MRI at 
age of 2 months revealed a huge interhemispheric 
AC with compression on the adjacent ventricular 
system (Fig.  1b). Considering normal develop-
ment and normal increase of head circumstance 
similar to that of his sibling, the parents’ request 
for conservative treatment was considered. His 
follow-up was performed with repeat brain MRI 
which confirmed gradual regression of the cyst 
size and a new small size AC in the right inter-
hemispheric fissure which was not obvious on 
prenatal and first postnatal imaging possibly 
because of the huge size of the lesion and its mass 
effect (Fig. 1c). Now at the age of 9 years old, the 
child is totally normal according to neurodevel-
opment, visual field, and ophthalmological 
examination.

3  Discussion

Primary ACs are congenital malformations 
caused by abnormal embryogenesis of the arach-
noid and irregular splitting of arachnoid mem-
brane. AC can occur anywhere in the neuraxis but 
are most commonly in the middle fossa and are 
not in communication with the surrounding sub-
arachnoid space [4, 7]. Most ACs are diagnosed 
postnatally during evaluation of a head injury, 
abnormal development, or progressive increase 
of head size and most commonly are an inciden-
tal finding [7]:

3.1  Prenatal Diagnosis

Prenatal detection of CNS malformations in 
fetuses is possible subsequent to the routine use 
of a new generation of ultrasound and appropri-
ate use of magnetic resonance imaging (MRI) 
[1]. Therefore, prenatal imaging has increased 
the detection rate and accurate diagnosis of some 
CNS anomalies like ACs. However, the clinical 
importance of prenatal detection of ACs is not 
well known [20]. The prevalence of ACs on imag-
ing is about 2% [1]. These cysts are illustrated as 

hypoechoic masses which can be diagnosed by 
ultrasound as early as 13 weeks of pregnancy [1, 
7]. Most ACs are found in a supratentorial loca-
tion with middle fossa cysts being the most fre-
quent [7].

3.2  Natural Course

ACs may be unchanged, enlarged, or even regress 
during development after prenatal diagnosis [7, 
8]. Most cases of ACs with prenatal diagnosis 
remain asymptomatic and don’t need any surgi-
cal intervention. Some cases become symptom-
atic with progressive increase in size or high 
intracranial pressure and sometimes after head 
trauma and bleeding inside the cyst or with cyst 
rupture which need surgical intervention [10, 13].

3.3  Size Change

After prenatal diagnosis, the dimensions of ACs 
might demonstrate any kind of changes. These 
cysts may increase in size, remain stable, or 
reduce in size [3, 4]. The course of size change of 
prenatally detected ACs is not well known. There 
is no evidence to further delineate high-risk peri-
ods for cyst growth, and thus more clinical studies 
will still be needed on how to best monitor these 
children. It has even been stated that [15] there is 
no cyst growth after age of 4  years, suggesting 
that close monitoring of cyst size with neuroimag-
ing is only necessary in early years [4].

3.4  Pregnancy Situation After 
Prenatal Diagnosis

Prenatal counseling about ACs leads to the par-
ents’ decision for termination or continuing the 
pregnancy. The rate of pregnancy termination is 
unknown, and it is not the same in different coun-
tries according to the severity of malformations 
and cultural or religious issues. Pregnancies were 
terminated in 4–50% of cases in different studies 
[8, 21].
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3.5  Associated Anatomical 
Abnormalities

Additional anatomical abnormalities could be 
found when an AC has been detected or later 
 during follow-up of ACs. The correct rate of dis-
covery is not obvious, but nearly 50% of fetuses 
have been reported to have another intracranial or 
extracranial anomaly [4]. Intracranial abnormali-
ties are more common than extracranial anoma-
lies with ventriculomegaly and corpus callosum 
dysgenesis being the most frequent accompany-
ing findings. A genetic disorder is not very com-
mon but has been reported in less than 10% in 
some series [4, 22].

3.6  Neurodevelopment

Neurodevelopmental status of infants with AC 
has been reported to be normal, especially in 
cases with isolated ACs [6]. Most studies sug-
gested that the cyst size or location is not on such 
importance, but the associated anomalies, chro-
mosomal abnormalities, and a brain compro-
mised by AC or associated problems are more 
concerning for the future developmental state [7, 
14, 20].

3.7  Fetal Outcome

The outcome is nearly related to the presence or 
absence of other congenital malformations, chro-
mosomal abnormalities, progression of associ-
ated ventriculomegaly, integrity of the cerebral 
parenchyma, and progressive increase in cyst 
size. Currently, postnatal less invasive surgical 
intervention such as the endoscopic approach has 
also improved the final outcome [7, 17, 18]. 
Overall, the outcome of a prenatal detected AC 
remains unclear, but favorable outcomes occur 
with isolated cysts without associated anatomical 
and chromosomal abnormalities [4].

4  Conclusion

Prenatal detection of ACs is possible with new 
generations of ultrasound. The natural course and 
outcome of ACs are not well investigated. 
Nevertheless, according to current literature, 
most ACs remain stable in size and if isolated are 
commonly associated with normal neurodevelop-
mental status. If the size of cyst changes, it is usu-
ally documented to occur in the first years of life. 
Therefore, close monitoring of patients with neu-
roimaging of these children during the first few 
years is advised.
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Cisternography of Arachnoid Cysts

Yasin Celal Güneş and Oktay Algın

1  Introduction

In the literature, the first imaging clues for arach-
noid cysts (ACs) were made by Robinson in the 
mid-1960s [50]. Thinning and bulging of the 
temporal bones adjacent to the ACs on the head 
radiographs and elevation in the middle cranial 
fossa and the sphenoid wing were noted [50]. 
Unfortunately, these findings were misnamed by 
the author as indirect findings of temporal lobe 
agenesis [50]. The term AC has been widely used 
in the nomenclature since the 1960s [39].

Surgical treatment options for ACs are open 
surgery, endoscopic fenestration, cysto- peritoneal 
shunt, and a combination of these techniques [40, 
41]. Among these treatments, endoscopic fenes-
tration is an important option [59]. In making the 
surgical treatment decision, the relationship 
between AC and adjacent CSF spaces should be 
revealed [60].

With the introduction of computed tomogra-
phy (CT) into routine use, the diagnosis of ACs 
has increased [38]. Although conventional CT 
methods are a successful technique in terms of 
providing morphological information, they are 
insufficient to evaluate the kinetics and physiol-
ogy of the cerebrospinal fluid (CSF). For this pur-
pose, historical neuroradiological methods such 
as invasive pneumoencephalography, ventricu-
lography, and angiography have been used [22, 
37, 61].

Cisternography is defined as the imaging pro-
cedure performed after intrathecal administration 
of contrast material to the subarachnoid space for 
the evaluation of the CSF and related structures. 
For the last 60 years, cisternography studies have 
been used to evaluate intracranial CSF-filled 
spaces, skull base, and vertebral column. If 
images are obtained only for the spinal canal, the 
process is also called myelography [2, 19] 
(Fig.  1). After intrathecal contrast agent injec-
tion, patients do not stand up until cisternography 
images are taken. Also, waiting in the prone or 
Trendelenburg position facilitates the distribution 
or diffusion of the contrast agent to the CSF- 
containing spaces. Approximately 4 h later, con-
trast material enhancement was observed from 
the basal cisterns to the Sylvian fissure. Contrast 
media reaches the convexity at the 20th hour. In 
some cases, it has been reported that this proce-
dure is extended to the late period of up to the 
48th hour.
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Fig. 1 Axial computed tomography (CT) myelography 
images obtained from the lumbar level of a 44-year-old 
male. The spinal canal is markedly narrowed due to the 

disc-osteophyte complex and ligamentum flavum hypertro-
phy (arrow, a). For comparison, an image of a near region 
where no spinal stenosis is observed is also given (b)

1.1  Isotope Cisternography

Isotope cisternography is a method first intro-
duced by Di Chiro in 1964 to evaluate CSF circu-
lation. It is based on the isotopic representation 
of gamma activity with the help of external scin-
tillation cameras to evaluate the dynamics of CSF 
circulation in normal and pathological conditions 
[16]. After the injection of the radiopharmaceuti-
cal agent given in the lumbar region, images are 
taken in the early and late phases. 99mTcHSA, 
169 Yb-DTPA, and 131 I-IHSA are among the 
agents used. The intracranial area where the 
tracer is usually first observed after the injection 
of the agent from the lumbar region is the cisterna 
magna, and it gradually diffuses to the basal cis-
terns and parasagittal arachnoid granulations at 
the level of convexity. Multiplanar evaluations in 
different axes can be provided with anterior, lat-
eral, posterior, and/or oblique viewing angles 
[15]. In this examination, focal enlargement in 
the amount of CSF is the main finding that sug-
gests the AC.  On the other hand, Goluboff 
revealed that the posterior fossa ACs could also 
be evaluated via isotope cisternography [23].

Isotope cisternography has obvious disadvan-
tages, and it is no longer used today. The success 
of isotope tracking methods decreases especially 
in patients with narrow ventricles or small ACs. 
The Sylvian fissure on lateral images, an inter-
hemispheric fissure on axial and anteroposterior 

images, and ventricles create superimposed 
images, making it difficult to evaluate ventricular 
filling [24]. In addition, repeated or additional 
isotope cisternography exams cannot be per-
formed due to the high-dose intake at the spinal 
cord level [24].

1.2  CT Cisternography (CTC)

Due to the disadvantages of radioisotope imag-
ing, in 1974, Greitz and Hindmarsh performed 
CT cisternography (CTC) for the first time intra-
thecally using a contrast agent called metriza-
mide [24]. Metrizamide (Amipaque) and 
meglumine iocarmate (Dimer-X) were also used 
for CTC or CT myelography [1, 25].

Generally, low molecular weight contrast 
agents injected into the subarachnoid space are 
absorbed by the meningeal membranes, and 
higher molecular weight agents are absorbed by 
the arachnoid villi [13]. To demonstrate CSF 
kinetics, agents that are absorbed by the menin-
geal membranes were preferred. Metrizamide, a 
low molecular weight agent, has also been used 
for this purpose [14]. Metrizamide, which was 
used in myelography studies, primarily when it 
was first used in Europe, became the main con-
trast agent preferred in these studies [54, 55]. 
CTC or CT myelography with metrizamide can 
show anatomical compartments better due to its 
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higher resolution than X-ray. It creates a contrast 
difference in the CSF in the ventricular system 
and the cisternal spaces.

The first areas of use of CTC were for the 
evaluation of hydrocephalus and extra-axial 
tumors, cyst communication, and/or spinal canal. 
In the evaluation of ACs, this method was used in 
case series with few participants from the second 
half of the 1970s to the beginning of the 1980s 
[27, 28, 51].

Different enhancement patterns were observed 
in and around the ACs [9, 21] (Figs.  2 and 3). 
Wang et  al. showed contrast enhancement 
 patterns of ACs in CTC images obtained at 1st, 
3rd, 6th, 12th, 24th, and 48th hours after intrathe-
cal injection of metrizamide [63]. They espe-
cially focused on the type with incomplete 
communication. According to the classification 
in this study, ACs that were filled with intrathecal 
contrast in the first hour were included in the 

fully communicating group. ACs that filled after 
the 3rd hour were in the incomplete communicat-
ing group, and those that did not fill at the 24th 
hour later or showed minimal filling were 
included in the noncommunication group. 
Complete communicating ACs could be consid-
ered as a focal enlargement in the basal cisterns 
that allows CSF passage to the intra- and extra-
cystic areas [63].

1.3  MR Cisternography (MRC)

ACs are isointense with CSF on all MR sequences. 
When evaluated together with their morphology 
and localizations, they can be easily distinguished 
from other cystic CNS lesions. However, conven-
tional MR sequences are not sufficient to show 
the communication between ACs and adjacent 
CSF-containing areas. For this reason, additional 

Fig. 2 Early-phase CT cisternography images of a 16-year-old male with right temporal AC. There is no communica-
tion between the cyst and surrounding CSF spaces
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Fig. 3 Axial CT cisternography images of a 57-year-old 
female with communicating AC. A parasagittal AC was 
observed in the left posterior fossa on the precontrast 
image (arrow, a). A rapid enhancement was observed in 

the cyst on the early-phase postcontrast image (arrow, b). 
There is a prominent washout that was observed on the 
late phase (24th hour) images (arrow, c)

MR techniques have been developed to show 
possible communication.

Compared with radionuclide cisternography 
and CT cisternography, the main advantages of 
MR cisternography (MRC) are its high contrast- 
noise ratio, multiplanar analysis capacity, images 
with thin section thickness, and not causing radi-
ation exposure [64].

1.3.1  Non-contrast Material- 
Enhanced MR Cisternography 
(NCE-MRC)

CTC or radionuclide cisternography is only per-
formed by administering intrathecal contrast 
material. These tests have invasive natures and 
rarely serious complication risks (such as menin-
gitis, intracranial hypotension, encephalopathy, 
and seizures). Therefore, new MR techniques 
have been developed to evaluate ACs and their 
communication status [3].

The pathological and physiological processes 
in structures related to CSF could be demon-
strated with cardiac-triggered gradient echo cine 
MRI [18]. The basic principles determining CSF 
flow dynamics in MRI modalities were explained 
by Nitz et al. in 1992 [45]. A “flow void,” CSF 
flow pattern on the PSIF (reversed FISP sequence 
of MRI) images has been reported as a sign of 
communicating-type ACs. The “flow-void” pat-

tern has been expressed as the main feature show-
ing the connection between ACs and adjacent 
CSF-containing areas on MRI.  It has been 
reported that the cardiac- triggered PSIF sequence 
has a high sensitivity to show the connection 
between ACs and CSF- containing spaces. The 
most significant disadvantage of these MR tech-
niques is false-positive results due to turbulent 
CSF flow [30].

Studies showed that phase-contrast MR imag-
ing (PC-MRI) is superior to conventional images 
to determine the relationship between ACs and 
CSF-containing structures [17, 20, 26]. Yildiz 
et  al. found that phase-contrast MRI and CTC 
results were correlated in 36 of 39 patients [67]. 
They stated that the “flush-and-fill” CSF flow 
occurs due to pressure waves of systolic intrace-
rebral arterial inflow in the cardiac cycle [67].

PC-MRI is more sensitive when the flow is 
laminar. The complex features of CSF and intra-
ventricular AC hydrodynamics compared to ACs 
in other areas were revealed in 2009 [3]. The tur-
bulent or complex flows due to the mass effect of 
the AC or narrowing of the adjacent foramina 
may lead to misdiagnosis on PC-MRI images [3]. 
3D-constructive interference into steady state 
(3D-CISS) and 2D fast imaging with steady-state 
free precession (FISP) sequences are beneficial 
for demonstration of the wall structures of ACs 
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and global assessment of the entire ventricular 
system [4, 10, 57]. In cases with suspicious find-
ings on phase-contrast MRI images, the final 
decision can be made with contrast material- 
enhanced MR cisternography (CE-MRC) [3, 67].

Three-dimensional sampling perfection with 
application-optimized contrasts using different 
flip-angle evolution (3D-SPACE) is a single-slab 
turbo-spin-echo (TSE) technique. It allows 
obtaining T1, T2, proton density, FLAIR, or 
heavy T2W (HT2W) images with a high SNR 
within a short time. 3D-SPACE data with isotro-
pic voxel sizes allow high-resolution multiplanar 
assessment [42, 62]. 3D-SPACE with a variant 
flip-angle mode (VFAM) approach has a unique 
capability for evaluating CSF flow. It was 
 successful in showing the communication 
between ACs and the adjacent CSF-containing 
areas [6].

Time-spatial labeling inversion pulse (T-SLIP) 
was used for the first time to evaluate the portal 
vein [33]. This technique was first tried for CSF 
flow in 2008 [65]. T-SLIP converts images to the 
opposite contrast in a predetermined area and 
shows the contrast difference between unlabeled 
CSF coming to a selected region. There are also 
publications in the literature suggesting that it can 
be used to evaluate spinal ACs [31, 32, 65, 66].

The four-dimensional phase-contrast velocity 
mapping (4D-flow) method was developed based 
on time-resolved phase-contrast MRI.  In this 
technique, PC-MRI with three different axes with 
velocity encoding was obtained. It is mainly used 
in cardiovascular examinations [56]. This method 
may also be useful in evaluating complex-type 
CSF flow [29, 66]. Contrast material-enhanced 
MR cisternography (CE-MRC) is considered the 
gold standard in demonstrating the relationship 
between ACs and CSF-containing spaces [26, 67].

1.3.2  Contrast Material-Enhanced MR 
Cisternography (CE-MRC)

CE-MRC is a minimally invasive technique, and 
it can provide both physiological and morpho-
logical information about the CSF flow [52].

Multiplanar T1W and 3D heavily T2W images 
should be obtained before the administration of 
intrathecal gadolinium-based contrast material 

for CE-MRC. While T1W images should be fat- 
suppressed in patients investigated for CSF leak-
age, there is no such requirement in the 
examination for ACs [5]. All precontrast and 
postcontrast T1W series should have the same 
parameters to make an appropriate evaluation 
(Figs. 4 and 5).

2D or 3D T1W sequences can be used for 
CE-MRC.  Single isotropic 3D-T1W data is 
enough for the evaluation of the ACs, but multi-
planar acquisitions are necessary for adequate 
evaluation with 2D-T1W sequences. According 
to our experiences, 3-T MR units and fat- 
suppressed isotropic 3D T1W acquisitions are 
more useful for CE-MRC exams.

In CE-MRC acquisitions, a gadolinium- 
containing contrast agent (mostly Gd-DTPA) is 
injected into the subarachnoid space with the 
help of 20–26-gauge lumbar puncture needles 
following precontrast T1W and T2W images [5, 
34, 68]. After then, postcontrast T1W images 
should be obtained. Imaging time of the postcon-
trast T1W series depends on the underlying 
pathology. By taking the early phase (within the 
first 2–6 h), it can be understood whether the con-
trast agent has been successfully injected into the 
subarachnoid space. In addition, early-phase 
images are essential in the evaluation of spinal 
subarachnoid spaces and global CSF circulation.

The lower lumbar region (L4–5 line) is gener-
ally preferred for intrathecal GD-DTPA injec-
tion. Rarely, the lateral portion of the C1–2 level 
or other lumbar levels can also be used for intra-
thecal injection [3]. Fluoroscopy-guided inter-
vention may reduce side effects and 
complications.

Except for the evaluation of ACs, CE-MRC is 
also used in the determination of CSF leakage 
location, investigation of ventricular system 
patency, evaluation of third ventriculostomy, and 
assessment of patients with normal pressure 
hydrocephalus [5].

Contrast material enhancement is found in the 
communicating-type ACs on postcontrast T1W 
CE-MRC images, while intensity change is not 
observed in the noncommunicating-type ACs 
[58]. Regardless of its size, the pattern of 
enhancement may affect the surgical plan. Early- 
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Fig. 4 Axial CE-MRC images of a 59-year-old female. 
An intraventricular AC (arrow) in the right ventricle was 
observed on the precontrast image (a). In the postcontrast 
images obtained at the 5th, 12th, and 24th hours, it is 

observed that the cyst is enhanced in the early phase and 
begins to wash out at the 24th hour (arrows, b–d). These 
findings are consistent with a communicating cyst
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Fig. 5 Axial postcontrast CE-MRC images of a 45-year- 
old female with right communicating-type temporal AC 
(arrows). These images were obtained at the 3rd (a), 6th 
(b), 12th (c), and 24th (d) hours after the intrathecal gado-

linium DTPA.  The cyst was enhanced with intrathecal 
contrast media in the early and late phases, and it was not 
cleared of the contrast material afterward

Cisternography of Arachnoid Cysts
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and late-phase postcontrast T1W images should 
be used together in the differential diagnosis of 
all ACs [3, 58].

1.4  Safety of Intrathecal 
Administration 
of Gadolinium-Based Contrast 
Agents

Intrathecal gadolinium administration was tested 
firstly on monkeys in laboratory animals by Di 
Chiro in 1985 [12]. In the following years, many 
studies were conducted on laboratory animals to 
demonstrate dose limits and side-effect profiles 
[46, 58]. Neurological symptoms (e.g., focal sei-
zures, ataxia, or latent tremor) and histopatho-
logical changes (such as loss of oligodendroglia, 
astrocytic hypertrophy, or eosinophilia) were 
observed due to high-dose intraventricular gado-
linium injection [35, 46, 48, 49, 53]. However, 
these side effects were not observed if the injected 
dose was <2 mL or 0.01 mmol [35, 48, 49, 53].

Intrathecal gadolinium reduces T1 and T2 
relaxation times. While the effect on T1 is evi-
dent at low doses, the T2 effect is more dominant 
at higher doses [58]. Intrathecally used 
gadolinium- based contrast agents are gadopen-
tetate dimeglumine, gadodiamide, gadobutrol, 
and gadoteridol [5]. Gadolinium-based contrast 
agents are administered into the intrathecal 
region with the help of different methods (e.g., 
pure or together with iodine/saline) [7, 8, 43, 58].

Patients given intrathecal gadolinium should 
ideally be kept under observation in the hospital 
for 48  h after the procedure. If patients do not 
show any symptoms during or after the proce-
dure, they can be discharged with bed rest for 
2  days. A meta-analysis stated that 13% of the 
patients developed procedural side effects and 
these were mostly minor [47]. The most common 
side effect is postural headache, and it is usually 
relieved by bed rest and painkillers [47].

Side effects were seen in patients given intra-
thecal gadolinium at doses higher than 1.0 mmol, 
usually involving the neurological system [11, 
36, 44, 47]. The main side effects are fainting, 
dysarthria, ataxia, confusion, vertigo, and mental 

status change. In addition, systemic side effects 
such as cardiac arrhythmia, respiratory distress, 
hyperglycemia, and hypertension can be observed 
at doses above 1.0  mmol [11, 36, 44, 47]. 
Although gadolinium-based intrathecal contrast 
agents have not yet been approved for use by the 
FDA, it has been reported that the use of up to 
0.25–1.0 mmol is within the relative safety limits 
[5, 47]. Randomized controlled trials and pro-
spective multi-participant studies are needed to 
reveal the dose-dependent side effects of 
gadolinium- based intrathecal contrast agents.

2  Conclusion

In conclusion, demonstrating the relationship of ACs 
with adjacent CSF-filled structures is important in 
making the surgical decision. CTC and CE-MRC 
play a crucial role in demonstrating this relationship. 
CE-MRC has many advantages over CTC.
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SPECT Imaging of Arachnoid Cysts

Elias Rizk

1  Introduction

Arachnoid cysts (ACs) are asymptomatic, non- 
neoplastic, and benign lesions that form within 
the central nervous system, both in the spinal cord 
and intracranial regions [4]. These cysts are usu-
ally present within the subarachnoid space, con-
taining cerebrospinal fluid (CSF). Most ACs have 
been reported at or after birth, characterized as 
head trauma. Large cysts are symptomatic as they 
compress the structures around them and thus 
need to be surgically removed [21]. These cysts 
occur in people of all ages but are more common 
in children and babies. There are four times a 
greater chance of ACs developing in males than in 
females. The prevalence among adults and chil-
dren is 1.4% and 2.6%, respectively [2]. Clinical 
symptoms of ACs include dizziness, headache, 
dyscognition, worsening mood, ataxia, nausea, 
mental status changes, and seizures [32, 35]. 
These symptoms occur during the cyst develop-
ment due to the displacement of neural entities, 
abnormal local pressure, and obstructions in CSF 
pathways [8]. It has been proposed that the loca-

tion of cysts seems to induce symptoms as smaller 
ACs growing in eloquent regions may result in a 
presumed clinical diagnosis, as happens with 
Sylvian suprasellar fissure cysts. ACs do not have 
a static appearance. They can enlarge and disap-
pear during their progression [16]. Based on the 
unpredictable behavior of the ACs, patients are 
treated conservatively and are diagnosed with the 
appearance of signs and symptoms of cerebral 
compression and progression [8].

ACs differ in their sites and location. They 
usually develop in the brain but less often in the 
spinal cord. ACs in the brain are termed intracra-
nial ACs, while those that develop in the spinal 
cord are called spinal ACs. In both cases, the ACs 
develop from the protective membrane around 
the spinal cord and brain. This membrane is also 
known as the arachnoid membrane. They have 
been reported over the cranial axis but occur 
prominently in the temporal fossa [11]. Some are 
reported to occur in the suprasellar, cerebello-
pontine angle, quadrigeminal cisterns, cistern 
magna, and cerebral convexities (Fig. 1) [2].

Based on clinical reasons and their presenta-
tion before surgery, three classes of cysts have 
been proposed by Choi [5]. The first class 
includes cysts with intracranial hypertension and 
hydrocephalus symptoms. The second class con-
tains cysts demonstrating the symptoms of a 
large head, skull abnormalities, dizziness, sei-
zures, delayed development, strabismus, and 
headaches. The third group contains cysts with 
minimal clinical symptoms. It has been proposed 
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Fig. 1 Magnetic resonance image (MRI) of the brain before operation. The left side shows the axial location, the 
middle image represents a coronal cyst in the brain

that ACs with smaller sizes possess the potential 
to remain benign during their lifetime [1]. The 
diagnosis and treatment of ACs depend on their 
location and symptoms.

2  Diagnosis of ACs

Initially, the ACs were diagnosed and treated based 
on their signs and symptoms. However today, the 
diagnosis of ACs can be made by  various means 
such as ultrasound, computed tomography (CT), 
magnetic resonance imaging (MRI), and neuroim-
aging distinguishing them from various lesions 
such as cystic neurocysticercosis, dermoid tumor, 
abscess, and epidermoid cysts. CT, MRI, and 
ultrasound (US) have successfully identified sev-
eral silent cysts [22]. However, techniques like CT, 
MRI, and US provide knowledge only regarding 
the anatomy of the ACs, like location and size [26] 
using CT-based scans for distinguishing ACs in 
the middle fossa. ACs exert pressure on the brain 
tissue, thus restricting the pathways of CSF. It 
requires further testing to determine the indication 
of surgical need. Few studies target the CSF-linked 

indication for the surgical need for treating ACs 
(Fig. 2) [18].

The cysts require specific pulse sequences to 
visualize and diagnose the wall of the cysts [12]. 
On imaging, the ACs are shown as circumscribed 
cysts having an indistinguishable wall represent-
ing linked structures with dense CSF on CT. CT 
imaging is an established technique with suffi-
cient potential for diagnosis [20]. Dr. Matsuda 
described the presence of an AC in a 13-year-old 
person detected by CT imaging. CT imaging is an 
effective choice for the diagnosis when the loca-
tion of the cysts can be expected. CT imaging is 
helpful for the differentiation of non- 
communicating cysts from communicating cysts. 
However, the MRI provides a reasonable tool 
when additional knowledge is required. MRI is a 
better option to assess cyst location, size, anat-
omy, and structures. It can help to diagnose differ-
ently from CT [33]. The cysts show variations in 
the signal intensities detected on MRI [12]. All 
these methods are useful for the morphological 
identification of ACs. However, these methods do 
not differentiate those ACs that result in brain 
malfunctioning [19].

E. Rizk



175

Fig. 2 MRI of a large AC in an adolescent in the frontal temporal region (right side) [14]

3  SPECT Imaging

The development and advancements of sin-
gle photon emission computed tomography 
(SPECT) and positron emission tomography 
(PET) imaging enable researchers to visualize 
the in  vivo and noninvasive biological mecha-
nisms at the cellular and molecular levels. 
SPECT represents a feasible approach to tracing 
a number of biological aspects like metabolism, 
neural transmission, and vascular blood flow 
[6]. SPECT is a pharmaceutical- based diagnos-

tic method that utilizes pharmaceuticals bound 
with isotopes to target the regional-cerebral 
blood flow (rCBF). The improved efficacy of 
such techniques is based on producing specific 
molecular probes designed to bind with the spe-
cific target with great selectivity [23]. Lena et al. 
proposed that detecting ACs has become more 
frequent with the development of neuroimaging 
[9]. The information necessary for the SPECT is 
gained by the gamma radiation detector [3]. It 
has been proposed that a six-fold increase in the 
image contrast can be achieved with the help of 
SPECT imaging (Fig. 3) [34].
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Fig. 3 SPECT results of a patient with an AC [14]

4  Advantages of SPECT 
Imaging

The advantage of the SPECT imaging technique 
lies in its ability to identify essential biological 
mechanisms at the molecular and cellular levels 
in living entities [31]. Molecular imaging pro-
vides a potential tool to predict the disease onset 
in the earlier stages based on changes in the 
body. SPECT and PET CT imaging offer advan-
tages over the traditional clinical diagnostic 
methods of neurological diseases based on their 

improved sensitivity, resolution, and higher 
penetration abilities [15]. SPECT imaging is a 
safe technique as patients can return to their 
normal routine after the study. The injected 
tracer will be expelled from the body within 
24–72  h through the excretory system. Apart 
from being safe, the process is painless and 
requires less time. In comparison with MRI, 
SPECT imaging has more sensitivity. A brief 
comparison between the spatial resolution, 
quantity of probe used, and spatial resolution is 
given in Table 1 [23].
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Table 1 Comparison between the spatial resolution, quantity of probe used, and spatial resolution for SPECT, MRI and 
PET

Serial No. Technique Sensitivity Quantity of probe used Spatial resolution
1. SPECT 10−10–10−11 ng 1–2 mm

2. MRI 10−3–10−5 μg to mg 25–100 μm
3. PET 10−11–10−12 ng 1–2 mm

5  SPECT Imaging 
for the Detection of ACs

Several findings based on SPECT imaging of 
ACs address the utilization of SPECT imaging to 
diagnose ACs [19]. Other studies also demon-
strate successful research, which report the effi-
cient treatment of ACs (supratentorial) with 
peritoneal shunting and the use of the Hakim pro-
grammable valve [10]. The accurate diagnosis in 
this study was based on SPECT imaging. In 
another study, the author performed a cognitive 
analysis of a male child suffering from congenital- 
ACs in the left frontal fossa [13]. The neuropsy-
chological analyses documented his cognitive 
behavior such as memory, language, and frontal 
functions. The child showed delayed verbal abil-
ity. However, the frontal ability was reported as 
unimpaired. In this analysis, the results from 
SPECT imaging revealed reduced perfusion in 
the left temporal lobe. Malfunctioning in the left 
temporal lobe caused delayed verbal functioning 
[27]. Hence, the evaluation of cognitive processes 
based on neuroimaging provided essential evi-
dence for elaborating on the cyst influence and 
explaining its psychological functioning. Shared 
research has involved three patients who suffered 
from ACs of the middle fossa. One patient 
showed non-specific signs and symptoms and 
was examined by MRI and SPECT imaging to 
investigate the effect of the cyst on the blood flow 
of the cerebral region. In another research, a 
female (48 years old) showed disturbing behav-
ior. Results on CT represented an AC over the 
cerebral convexity (left side) [29]. The MRI and 
SPECT scan results of ACs in the frontal inter-

hemispheric region were obtained in a 10-year- 
old patient (Fig.  4) [17]. The patient showed 
severe headache symptoms.

Other researchers reported their findings 
based on SPECT imaging pre-surgery and post- 
surgery in seven patients suffering from ACs 
[10]. The affected patients demonstrated normal 
cerebral blood flow after shunting the ACs. In 
addition, some authors have reported their diffi-
culty distinguishing AC symptoms from brain 
deterioration [16, 25]. They found impaired neu-
ral perfusion with ACs in the patients showing 
symptoms based on SPECT imaging [16]. 
Patients showing normal rCBF on their SPECT 
imaging results exhibited asymptomatic condi-
tions during their entire flow-up period. The 
study reports that the cerebral SPECT scans 
 provide a reasonable tool to correlate with 
regional brain functions based on the brain anat-
omy to efficiently diagnose patients suffering 
from ACs for future clinical or surgical 
approaches. However, little information is pres-
ently based on the rCBF SPECT imaging in the 
detection of ACs [26]. These authors elaborated 
on the comparison of MRI images of a 9-year-old 
patient suffering from ACs in the right Sylvian 
portion with SPECT image before the surgery 
(Fig. 5) [19].

They also reported the feasibility of SPECT 
imaging technique as an effective diagnostic tool 
in their study [24]. They have precisely elabo-
rated on the comparison of the efficacy of 
SPECT-CT with the SPECT alone based on the 
study conducted on 357 patients [28]. They con-
cluded that the SPECT-CT enhanced the radioac-
tive doses given to the patient with the effective 
dose being due to the combined effect of CT in 
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a b

Fig. 5 (a) MRI of a 9-year-old patient suffering from the 
AC in the right Sylvian fissure. (b) SPECT image of the 
AC in the coronal region prior to surgery in the same 
patient (shown in the upper line), axial region (shown in 

the lower line), and sagittal region (shown in the middle 
line). The arrows represent the hypoperfusion near the 
ACs [14]

a b

Fig. 4 A comparison between (a) MRI scan and (b) SPECT scan of a patient having interhemispheric-ACs [26]
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many instances. CT combined with SPECT has 
been used for two decades and offers a more 
practical approach to localizing and characteriz-
ing the findings. The enhanced diagnostic effi-
cacy and accuracy relate to the improved 
diagnostic specificity and connection [14].

6  Challenges That Need 
to Be Addressed for SPECT 
Imaging

Several points need to be addressed while discuss-
ing SPECT scans’ efficacy in diagnosing ACs. 
Most of the published literature is based on stud-
ies possessing small-size samples with poor con-
trols. Also, the primary concern of SPECT 
imaging that needs to be addressed is the elevated 
equipment cost, since there is insufficient knowl-
edge to address this concern. In addition, post- 
surgery complications, such as cerebral infarction, 
hemorrhage, neurological infections, and deficits, 
have been reported. These complications are 
required to be addressed for better diagnosis and 
treatments [17]. For most people, SPECT is 
regarded as safe. Some hurdles reported are pain, 
bleeding, and swelling during the injection or 
insertion of the needle. SPECT allergic responses 
were also noticed [30]. Sometimes this issue is 
compensated for with the non- multidetector CT 
scanner. The point needs consideration to com-
pensate for the burden of CT scans it also varies 
depending on the protocol and system used [7].

7  Conclusion

SPECT has been established as a feasible tool for 
the in  vivo detection and diagnosing diseases, 
including ACs. Various researchers have shown 
their results concerning detecting ACs based on 
SPECT imaging. The technique provides a rea-
sonable approach to visualizing the internal 
abnormality and offers an effective tool to predict 
the risk of AC development and its morphologi-
cal details. However, further investigation and 
development of novel and more effective radiola-

beled substances are required for more accurate 
disease detection and treatment.
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Part IV

Clinical Presentations and Differential 
Diagnosis of Arachnoid Cysts

 Editor’s Summary

In this “Part IV: Clinical Presentations and Differential Diagnosis of 
Arachnoid Cysts,” there are a total of six chapters describing the clinical 
presentations of arachnoid cysts (ACs) in the central nervous system. 
Interestingly, they can be quite variable and are associated with a broad 
differential diagnosis when evaluating fluid-containing collections located in 
the cranial compartment and in the spinal canal. The various clinical 
symptoms noted at the time of presentation of patients with ACs are described 
in detail in 18. More complex neurological problems such as hydrocephalus 
and epilepsy have also been identified concurrently in patients with ACs and 
will each be addressed in two sequential separate chapters. On rare occasions, 
psychiatric manifestations have been identified in patients with intracranial 
ACs as are revealed in 21. As expected, the differential diagnoses for fluid-
filled collections that can be localized within the cranium and the spine are 
extensive. In each of the last two chapters of this part, the differential diagnosis 
for those intracranial and intraspinal collections will be described and the 
manner in which their nature can be accurately determined will be discussed 
by their authors.
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Symptomatology of Craniospinal 
Arachnoid Cysts

Saffet Tüzgen and Barış Küçükyürük

1  Introduction

Arachnoid cysts (ACs) are space-occupying 
lesions that are benign in nature and filled with 
cerebrospinal fluid (CSF) [17, 22]. The increas-
ing use of radiological imaging has caused more 
ACs to be diagnosed incidentally. However, the 
natural history and behavior of these lesions are 
not well understood. Furthermore, symptomatol-
ogy is not clear in many cases as clinical features 
are mostly nonspecific and does not correlate 
directly with the location and the size of the 
AC. In this chapter, clinical signs and symptoms 
of AC will be reviewed.

2  Intracranial Arachnoid Cysts

Intracranial ACs are rather common, reported to 
be 1% of all intracranial masses. They are consid-
ered as a congenital abnormality of the arachnoid 
membrane. However, the exact mechanism of 
their formation has not yet been determined [17]. 
It is suggested that splitting of the arachnoid may 
be the pathological mechanism of development. 
Other theories advocate fluid secretion from the 
cyst wall or one-way ball valve flow of CSF.

ACs are situated in supratentorial space in 
most of cases. The middle cranial fossa, more 
specifically anterior to temporal lobes, contains 
50–60% of all cases (Figs. 1 and 2). They may 
also be located in the suprasellar cistern and cer-
ebellopontine angle cistern. Less common loca-
tions are in the cisterna magna, the 
interhemispheric fissure, and the quadrigeminal 
cistern [17].

ACs are asymptomatic and diagnosed inciden-
tally in most cases; however, some cases may pres-
ent with neurological signs or symptoms [1, 20]. In 
many instances, the size of the AC remains stable 
over time. On the other hand, symptomatic enlarge-
ment is a well-known issue, as well as developing 
clinical signs without evident visual progression in 
size. On the other hand, it is difficult in most cases 
to determine whether those symptoms and signs 
are related to the AC [6]. More specifically, non-
specific symptoms such as headaches are difficult 
to interpret whether they are caused by the AC.

It is suggested that roughly 5% of cases with 
an AC present to have symptoms [1, 2]. Leading 
symptoms are listed as headaches, hydrocepha-
lus, seizures, cranial neuropathy, cognitive com-
plaints, or other focal neurological deficits such 
as hemiparesis or visual compromise [9, 12, 14, 
15]. Specifically, in children, cranial bone defor-
mities accompanied by increasing head size may 
be the presenting sign [16]. In addition to these, 
developmental delay and cognitive problems 
may be detected; however, the relationship of 
these findings with the AC may be difficult to 
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Fig. 1 Magnetic resonance T2-weighted images of a 
34-year-old female patient who was admitted with chronic 
headaches. Axial sections (a) and (b) show a cystic lesion 
located in the left hemisphere. The AC is situated anterior 
to the temporal lobe and extends superiorly to the level of 
the insula and the frontal operculum. Coronal sections (c) 
and (d) show that the AC does not cause significant com-

pression of the cerebrum but has reshaped the overlying 
calvarium, which confirms the chronic nature of the 
lesion. The headache, the main complaint, was nonlocal-
izing and was also present on the right side. Due to mini-
mal compression found on radiological images and 
nonspecific nature of symptoms, conservative treatment 
was chosen

prove. On the other hand, some reports suggested 
that impairment in mental function is likely to 
improve after surgical treatment [24, 25]. Focal 
neurological deficits were also reported to benefit 
from surgery, while headaches and seizures often 
persist after surgical treatment [14, 23].

ACs situated in the suprasellar, cerebellopon-
tine angle (CPA), ambient, and quadrigeminal cis-
terns are more prone to cause symptoms compared 
to cysts in other locations. This finding was statis-
tically significant in the series of Al-Holou et al., 
which reported that six of nine cases with an AC 

located in the suprasellar cistern presented with 
symptoms, most often due to obstructive hydro-
cephalus [1]. Similarly, 15% of CPA location ACs 
caused symptoms such as sensorineural hearing 
loss, tinnitus, or vertigo. On the other hand, more 
common locations such as the middle fossa or ret-
rocerebellar locations are found to be less likely to 
cause symptoms, as only 2.1% of patients with 
middle fossa ACs were considered symptomatic. 
The pediatric population showed no differences 
regarding the relation of the location with symp-
toms as anterior fossa and quadrigeminal plate 
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Fig. 2 Magnetic resonance (MR) and computed tomog-
raphy (CT) images of a 14-year-old male patient who was 
admitted with the first episode of epileptic seizures and an 
acute onset headache. Images (a) and (b) show 
T2-weighted MR images in axial and coronal sections, 
respectively. An AC situated anterior to the right temporal 
lobe and a hygroma extending over the frontal and parietal 
lobes possibly appearing after the rupture of the cyst were 

detected. There was no remodeling of the calvarium sug-
gesting an acute nature of the pathology. Additionally, 
midline shift is present. Image (c) shows coronal section 
of the MR obtained 7 days later, which revealed enlarge-
ment of the hygroma. Image (d) shows coronal section of 
CT scan, which was obtained after the patient was oper-
ated through a mini-craniotomy to explore the hygroma 
and placement of a drain

cysts were positively correlated with the presence 
of neurological symptoms, while the posterior 
fossa location was not [2].

Another factor for presenting with symptoms 
is the size of the ACs where larger cysts were 
positively correlated to cause neurological signs 
[1, 2].

A difficult clinical determination is to predict 
if an initially asymptomatic AC will develop new 
symptoms. It is reported that only around 1% of 
adult population and 3% of the pediatric 
 population were reported to acquire new symp-
toms in the midterm follow-up period [1, 2]. 

Al-Holou et al. reported that all pediatric patients 
who developed new symptoms were younger 
than 4  years old, which is a rapid enlargement 
period for the intracranial contents.

Rupture of an AC into the subarachnoid space 
causing a hygroma or occurrence of a hemor-
rhage is a feared but a rare occurrence both in 
adult and pediatric population [4]. However, sur-
gical intervention after the hemorrhage facilitates 
a good outcome in many cases, which proves that 
the risk of hemorrhage should not be an indica-
tion for surgical treatment in incidentally discov-
ered cysts [18].

Symptomatology of Craniospinal Arachnoid Cysts
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3  Spinal Arachnoid Cysts

Spinal ACs are located mostly in the intradural 
space but may also be located rarely in the extra-
dural space [3, 5]. Intradural cysts can be grouped 
as primary and secondary cysts [3]. Primary spinal 
ACs are idiopathic, and secondary cysts are formed 
due to inflammatory or traumatic processes [13]. 
Idiopathic cysts are proposed to arise from the sep-
tum posticum, a membrane spanning from the pia 
to the arachnoid in the dorsum of the spinal canal 
[19]. A second hypothesis is that these cysts may 
develop from the growth of entrapped arachnoid 
granulations [8]. Secondary cysts originate after 
any inflammatory process affecting the arachnoid, 
such as subarachnoid hemorrhage, infection, 
trauma, or intradural surgery [3].

The majority of primary spinal ACs are situ-
ated in the thoracic vertebral levels (77.5%), 
while secondary cysts are formed in locations of 
the initiating pathology [3, 7].

The most common presentation of spinal ACs 
were reported to be back pain, which is suggested 
to be due to nerve root compression [21]. 
Additionally, myelopathic symptoms such as 
weakness, numbness, and spastic paraparesis are 
common findings [13, 21]. These findings can be 
unilateral or bilateral depending on the position 
of the cyst. Sphincter dysfunction was also 
reported as a presenting symptom in a group of 
patients [11]. Unlike their intracranial counter-
parts, spinal ACs are reported to show progres-
sively worsening symptoms over time [10].

4  Conclusion

Intracranial and spinal ACs have different charac-
teristics. Intracranial cysts are common lesions, 
but they rarely produce lesion-specific symp-
toms. Moreover, it is difficult to identify if a more 
common but nonspecific symptom such as head-
ache is related with the lesion. Therefore, surgi-
cal treatment at first is an option for discussion 
since even acutely presenting symptoms respond 
well to timely surgery. On the other hand, spinal 
ACs may present with signs and symptoms 
directly related to nerve compression in many 

cases. Often, the thoracic location of these lesions 
should be kept in mind when searching for lower 
spinal pathologies.
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Arachnoid Cysts Associated 
with Hydrocephalus

Nikolaos Syrmos, Vaitsa Giannouli, Sotirios Kottas, 
and Mehmet Turgut

1  Introduction

Intracranial arachnoid cysts (ACs) are benign, 
liquid formations, inside the arachnoid brain mat-
ter [1–4]. The combination of ACs with hydro-
cephalus is presented both in adult and pediatric 
age patients [5–10]. According to statistical data, 
intracranial ACs are about 1% of all brain space- 
occupying lesions and a little less than 1% of all 
the brain lesions treated worldwide by neurosur-
geons and pediatric neurosurgeons [4–6, 11, 12]. 
Their prevalence in the adult population 
(>16  years old) is approximately 1.5%, with 
more cases in females than in males [4–6, 13, 
14]. In children (<12 years old), the prevalence is 

a little more than 2.5% for some authors and 
between 1% and 3% for others [7–10, 15, 16].

If the ACs are large enough, they may influ-
ence the cerebrospinal fluid (CSF) pathways 
causing often the hydrocephalus phenomenon 
and also marked midline shift, as a notable radio-
logical sign [10–13, 17–19]. The close associa-
tion between ACs and hydrocephalus has been 
commonly described by various authors as 
related to a mass effect, but also closely to brain 
ventricular abnormalities [13–16, 19–22].

2  Etiological and Pathogenetic 
Features

The true etiological and pathogenetic factors 
closely related to the formation of ACs are still 
unclear and mainly controversial, according to 
the literature [1, 5, 13, 16, 20–22]. Through the 
passing of the years, various theoretical models 
have been proposed in order to explain the origin 
of the genesis/formation of the ACs [2, 5, 13, 17, 
18, 22–24] (Table 1).

Usually, the ACs arise close to the CSF cis-
terns with a mass quantity of arachnoid [3, 5, 13, 
19, 22–26] (Table 2).
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Table 1 Theoretical models about the genesis of arach-
noids cysts

•  Partial brain agenesis
•  Splitting or duplication of arachnoid membrane
•  Mesenchymal deficits closely related to CSF flow
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This close relationship with CSF is most likely 
the main genesis factor for hydrocephalus [1, 6, 
11, 22–28]. Basically, ACs can be divided into 
two main types [1–4, 19, 22, 28–30]:

 – Congenital (true), as a result of primary 
embryologic development, more common

 – Secondary (acquired), less common

The secondary often occurred after traumatic 
brain situations and as result of [7–10, 20–22, 
30–32] inflammatory factors, tumors, various 
chemical reactions, and hemorrhages.

Another classification option was also pro-
posed, depending on the surrounding CSF 
dynamics and on the size of the cyst or cysts dur-
ing opening [7–10, 22, 25–27]:

 – Communicating
 – Non-communicating

The surrounding CSF dynamics can lead, 
sooner or later, to hydrocephalus [7–10, 22, 24, 
26]. This classification is always in concordance 
with the relation to the subarachnoid compart-
ments [7–10, 22, 25, 28].

The expansion of ACs is related to various 
mechanisms according to various studies [7–10, 
22, 28–30] (Table 3).

3  Clinical Signs-Symptoms 
and Location

Clinical signs and symptoms are related to the 
particular location of the ACs [5, 13, 22, 25, 27, 
29]. They are mainly supratentorial, found in the 
middle fossa in nine of ten cases, but there is a 
possibility to be also infratentorial, in the poste-
rior fossa in one of ten cases [5, 13, 22, 26, 28, 
30]. In the supratentorial location, six of ten cases 
are localized in the temporal lobe [5, 6, 13, 22, 
27, 29, 31]. In the posterior fossa, the signs and 
symptoms are as follows: headache, vomiting, 
and various cerebral disorders all closely related 
to the obstructive hydrocephalus phenomenon [5, 
7, 13, 22, 30, 32].

In supratentorial location, there are a variety 
of symptoms [5, 8, 13, 15, 17, 22, 29] (Table 4). 
Headache is the most common symptom, present 
in around 66% of all cases [5, 9, 10, 13, 20, 22, 
26]. Other general symptoms are as follows [5, 9, 
10, 13, 19, 21, 22, 26] (Table 5): dizziness, nau-
sea, vomiting, and ataxia.

In quadrigeminal ACs, symptoms include [5, 
11, 13, 20, 22, 27] (Table 6): Concezio di Rocco, 
a pioneer Italian pediatric neurosurgeon from 
Rome, in the middle 1990s was the first to 
describe this entity in the scientific literature [6, 
7, 10–12, 22] (Fig. 1). Quadrigeminal ACs are in 
unusual topography brain location (5–10% of the 
whole AC appearance) [6–12, 22–28].

Endoscopy procedures for better and safer 
removal of ACs were proposed since the middle 
1990s, first by American pediatric neurosurgeon 
John R.  Ruge and later by other authors [26] 
(Fig. 2).

Another reported entity is the appearance of 
acquired hydrocephalus, in preexisting ACs 
forming after aneurysmal subarachnoid hemor-
rhage (SAH) [26–30].

For better clinical evaluation and management of 
ACs in combination with hydrocephalus, the neu-

Table 2 CSF cisterns with mass quantity of arachnoid

(a) Posterior infratentorial midline
(b) Sylvian fissures
(c) Quadrigeminal
(d) Cerebellopontine
(e) Suprasellar

Table 3 Expansion theories of ACs

Ball-valve 
phenomenon

Permits the CSF entrance into the 
cyst but also prevents egress

Fluid movement Provocated by osmotic factors
Intracystic fluid Production by secretion of cyst 

wall cells
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Table 4 Supratentorial location of ACs

Temporal lobe Suprasellar region Pineal region Convexity area
Asymptomatic headaches in case 
of enlargement
Bleeding in case of vascular wall

Headaches, 
vomiting
Endocrine 
disorders
Hydrocephalus

Failure of upward gaze 
Obstructive hydrocephalus

Seizures neurological 
deficits

Table 5 Other general symptoms of ACs

•  Dizziness
•  Nausea
•  Vomiting
•  Mood changes
•  Mental changes
•  Ataxia
•  Balance disorders
•  Urinary deficits
•  Seizures
•  Hearing alterations

Table 6 Symptoms of quadrigeminal ACs

•  Macrocrania
•  Headaches
•  Vomiting
•  Lethargy
•  Papilledema
•  Ocular disorders
•  Impairment of upward gaze

Fig. 1 Concezio Di Rocco, an Italian pediatric neurosurgeon

Fig. 2 John R. Ruge, an American pediatric neurosurgeon

rosurgeon and the pediatric neurosurgeon should 
collaborate with other medical disciplines such as 
neurologists, neuroradiologists, orthopedics, oto-
rhinolaryngologists, pediatricians, pediatric neu-
rologists, neonatologists, urologists, cardiologists, 
geriatricians, internal medicine physicians, inten-
sive care physicians, pediatric intensive care physi-
cians, neurorehabilitation physicians, psychiatrists, 
etc. [6–12, 22, 30–32].

This multidisciplinary approach through 
collaboration and scientific dialogue can lead 
to the optimal evaluation and better decision-
making in cases in order to optimally treat 
both the AC and the hydrocephalus [6, 12, 22, 
30, 31]. In pediatric cases, it is also very 
important to consider the role played by the 
parents and the family [6, 12, 22, 30, 31]. The 
final decisions remain up to neurosurgery and 
also pediatric neurosurgery which is still a 
considerable challenge nowadays [1, 6, 11, 12, 
20, 24, 30, 31].

Arachnoid Cysts Associated with Hydrocephalus
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4  Differential Diagnosis 
and Natural Evolution

ACs need to be differentiated from various others 
central nervous system compartmental enlarge-
ments [2, 5, 12, 13, 17–19, 22] (Table 7).

In the majority of the cases, we have invo-
lution and disappearance through the passing 
of time, especially in small cysts [5–9, 13, 
20–22, 28, 29]. According to various authors, 
there may be a possible rupture of the internal 
membranes that can facilitate this occurrence 
[5–13, 20–23]. Sometimes, we do not have 
either symptoms or signs, but in other situa-
tions, both of them are present [5, 13, 22–25]. 
In cases with seizures, increased intracranial 
pressure, neurological deficits, hemorrhages 
(intracystic or subdural or both), and hydro-

cephalus, we may have to act immediately [2, 
5, 13, 14, 22, 27–30].

Imaging and neuroimaging both in adults and 
in the pediatric population with the CT scan 
(Figs. 3 and 4) and MRI scan are really useful for 
the clinical neurosurgeon and pediatric neurosur-
geon. Also, other imaging techniques have been 
proposed such as [5, 13–17, 22–26] diffusion ten-
sor imaging (DTI), which is common in recent 
reports, and sometimes also carotid angiography 
in complex cases.

Optimal and accurate imaging remains essen-
tial in order to validate the particular situations of 
a combination of hydrocephalus and ACs and to 
help in order to plan an appropriate treatment 
[5–8, 13, 22–26].

The new upcoming neuroimaging techniques 
allow for the recognition of small, asymptomatic, 
incidental posterior fossa ACs in order to prevent 
enlargement at an early stage and hydrocephalus 
with progression through the advancement of age 
and consequent symptom appearance [9–12, 
22–26].

When there is hydrocephalus, these cysts may 
be decompressed successfully by shunting or 
fenestration or neuroendoscopic techniques [5, 
13–16, 26–29].

Table 7 Differential diagnosis of ACs

•  Colloid cysts
•  Various parasitic cystic infections
•  Cystic metastases
•  Porencephalic cysts
•  Agenesis of the corpus callosum
•  Various neurodevelopment disorders
•  Dandy-Walker syndrome

Figs. 3 and 4 Large middle fossa AC with hydrocephalus in an 80-year-old woman
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Table 8 Galassi classification system

Type I
Small cysts

Type II
Middle cysts

Type III
Large cysts

•  Mainly 
spindle-shaped 
located into the 
anterior part of 
the middle 
cranial fossa

•  Free 
communication 
with 
subarachnoid 
space

•  Superior extent 
along the 
Sylvian fissure 
located into the 
temporal lobe

•  Slow 
communication 
with 
subarachnoid 
space

•  Fills the hole 
middle cranial 
fossa located 
into temporal, 
frontal and 
parietal lobes

•  Little 
communication 
with 
subarachnoid 
space

Table 10 Differential diagnosis between ACs and cystic 
midline neoplasms

•  Density
•  Homogeneity
•  Lack of fat
•  Lack of calcification
•  Absence of contrast enhancement

Table 9 Types of surgical management

•  Microsurgery
•  Shunts
•  Various neuroendoscopic techniques
•  Various stereotactic techniques

Various radiology models have been proposed 
[5, 13, 17–19, 25, 26]. For the middle fossa ACs, 
the Galassi classification system (small cysts, 
middle cysts, large cysts) is widely used with 
optimal results [5, 13, 20, 21, 27–29] (Table 8).

Accurate neuroimaging in combination with 
the clinical examination can lead to optimal 
decision- making in order to choose the most 
appropriable surgical approach which are classi-
cal techniques such as shunting and newer 
upcoming techniques such as neuroendoscopy, 
etc. [16–18, 28–32].

In infants with midline posterior fossa ACs, 
obstructive hydrocephalus is a very frequent 
associated phenomenon together with the appear-
ance of intracranial hypertension due to size- 
related obstruction of the aqueduct [6–9, 17, 18, 
30–32]. This situation leads to head enlargement 
without other lateralizing signs [10–12, 17–21]. 
In adults, this association may remain occult for 
a long time period and lead to normal pressure 
hydrocephalus (NPH) [22–26].

In the appearance of NPH, an important con-
tribution was also the provocation by various fac-
tors such as defective CSF absorption, a long 
duration of signs, an episodic course of symp-
toms, and postural influences [15–18, 26–29].

5  Surgical Management

Many operative techniques have been proposed 
[5–8, 19–22, 29] (Table 9). The location of ACs 
determines both the surgical approach and also 
the final clinical outcome [5–7, 13, 16–20].

The final outcome and the degree of relief 
(partial or complete) of the symptoms due to the 
AC appearance, after surgical intervention for 
treating them, both in adult and pediatric patients, 
are still a controversial subject in the literature [2, 
5, 11, 12]. This situation still remains controver-
sial or even more so in the case of the combina-
tion of these two entities, hydrocephalus and ACs 
[3, 5, 13–15].

In middle fossa ACs and hydrocephalus, shunt-
ing, microsurgery and neuroendoscopy are effec-
tive surgical options [5, 13, 18, 21–23]. In cases 
with a suprasellar location, we have a close rela-
tion to the ventricular system (third ventricle) and 
associated hydrocephalus [5, 13, 22–26]. 
Neuroendoscopic fenestration seems to be the best 
choice in these situations [1, 2, 5, 13, 24, 25, 30].

Suprasellar ACs are basal midline formations, 
and they present a rare entity for surgically treat-
able hydrocephalus and other neurological defi-
cits [5, 13, 22, 23, 31, 32].

The differential diagnosis for cystic midline 
neoplasms depends on various factors such as [5, 
13, 22–29] (Table 10). The differential diagnosis 
for other third ventricular enlargements due to 
obstructive hydrocephalus and from third ven-
tricular ependymal cysts can be made through 
specific criteria [5, 13, 22–28] (Table 11).

The interhemispheric ACs present as follows 
[3–7, 11–13, 26]: (a) midline, mainly without 
agenesis of the corpus callosum, and (b) parasag-
ittal, associated with agenesis of the corpus cal-
losum. Both types do not present with 
hydrocephalus [4–7, 11–13, 16, 27]. The quadri-
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geminal ACs are associated with hydrocephalus 
when symptomatic [6–13, 16, 17, 28]. They are 
divided into three types [8–11, 29, 30] (Table 12). 
Intraventricular or intracisternal ACs are located 
deep inside the brain, near or inside the ventricu-
lar system, and are difficult to treat [11–13, 25–
29]. The surgical approach can provoke various 
complications [11, 16–18, 22, 25–29] (Table 13).

Other disadvantages regarding the appropriate 
management are reported by various authors [10, 
19, 22, 23, 27–29]. These are long durations of 
surgery, long and complex anesthesia procedures, 
and high morbidity [6–11, 13, 22, 27–29]. All 
these risks lead more neurosurgeons and pediat-
ric neurosurgeons toward minimally invasive 
approaches [10–14, 22, 27–29]. The surgical 
results, worldwide, confirm the gained surgical 
experience through the passing of the years [2–6, 
13–15, 19, 21].

The classical shunting seems to have efficacy 
and safety but can sometimes demonstrate the 
classic problems, which are the same as those 
encountered by the standard hydrocephalus shunt-

ing options (infection, reoperation after shunt mal-
function over the years, etc.) [2, 13–17, 19, 20].

Microsurgery, which requires appropriate tech-
nical support and also experience in this field, 
remains a very good option [6–10, 17, 18, 21]. The 
most appropriate choice is still a controversial 
topic, but it seems that minimally invasive tech-
niques will be the only choice in the near future, 
especially in young age patients [1–9, 20–24].

6  Conclusions

Based on results of our review, it is concluded 
that:

 1. The appropriate resolution, management, and 
treatment of ACs are still controversial.

 2. Additional problems are resulting from the 
combination of hydrocephalus associated 
with ACs.

 3. Hydrocephalus is generally observed in cases 
with midline and posterior fossa ACs.

 4. Ventriculomegaly or hydrocephalus is 
encountered in many cases with interhemi-
spheric lesions, but it is rarely seen in cases 
with middle fossa lesions.

 5. Patients’ age, location, and size of the ACs, 
macrocephaly, and altered CSF dynamics are 
important factors in the development of 
hydrocephalus in cases with AC.

 6. Neuroendoscopic techniques have become, 
over the years, a very good treatment option 
as also are cystoperitoneal shunting and open 
fenestration with optimal results.

 7. A multidisciplinary approach and collaboration 
with other medical disciplines lead to better 
patient management and optimal clinical results.
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Epilepsy and Arachnoid Cysts

Amal Satte

1  Introduction

With the development of intracranial imaging 
techniques, their widespread availability, and 
affordability, incidental arachnoid cysts (ACs) 
are being increasingly discovered. Only a few 
patients are considered to be symptomatic. 
Epilepsy is the second most frequent symptom 
associated with AC after headache. However, the 
relationship between ACs and seizures is contro-
versial. Moreover, few studies report specifically 
on the type of seizures or syndrome, electroen-
cephalographic data, and the correlation between 
the seizure focus and the localization of the cyst. 
From a practical standpoint, there is currently no 
consensus regarding the diagnostic workup, and 
treatment modalities are still debated. Large stud-
ies evaluating the relationship between AC and 
epilepsy; clinical, electroencephalographic, and 
imaging correlations; as well as treatment modal-
ities and outcomes are of utmost importance to 
reach standardized consensus and optimize the 
management.

2  Epidemiology

The overall incidence of ACs in the general popu-
lation remains difficult to estimate because of 
their minimal or absent symptomatic nature. 
Epilepsy is the second most frequent associated 
symptom after headache in up to one-third of 
patients with AC [37]. The incidence of the asso-
ciation of epilepsy with AC has been reported to 
be between 3.6% and 40.9% [50]. However, the 
true prevalence and incidence can’t be deter-
mined because radiodiagnostic tools are not 
always available in all countries. On the other 
hand, even when available, imaging is not sys-
tematically performed in all epileptic syndromes. 
For instance, in absence epilepsy, it has been tra-
ditionally known that there are no radiological 
abnormalities; however, Ventura found two cases 
of ACs among a cohort of 22 patients with 
absence epilepsy [47].

The frequency of seizures is reported to be 
greater in children compared to adults with AC 
[8]. In a survey, Wester studied the literature, 
including a total of 1526 patients from published 
patients’ series of at least 20 cases. He found that 
there were either slight differences or no differ-
ences between the prevalence in adults and chil-
dren with AC [50].
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3  Pathophysiology

The relationship between epilepsy and ACs 
remains a matter of debate. Some authors high-
light the lack of an association between seizures 
and ACs. In a study on 1157 adults, Del Brutto 
et al. attempted to assess the prevalence of supra-
tentorial AC and whether they were associated 
with seizures. They found no significant differ-
ence in the prevalence of seizures between the 
group of patients with ACs (4%) and the group 
without ACs (2.7%) (p = 0.508) [7]. Similar con-
clusions were achieved by Rabiei et al. in a study 
of 1235 individuals that showed no differences in 
the frequency of seizures between AC cases and 
controls [39].

Other authors suggest a possible relationship 
between ACs and epilepsy [35]. Koch and 
 colleagues reviewed the world’s medical litera-
ture dealing with surgically treated ACs. Their 
study included 76 patients, aged from 2 months 
to 70  years. They found that seizure outcome 
correlated directly with postoperative AC size 
reduction [23]. This finding was consistent with 
the results of the Helland et al.’s study in a pedi-
atric population [16]. Other authors reported 
cases of dramatic improvement of refractory 
epilepsies after AC surgery [13, 41]. The 
improvement of epileptic seizures after surgical 
treatment could be an argument in favor of a 
causal or at least an aggravating relationship. 
However, the exact mechanisms of epileptogen-
esis remain unknown. Compression on the adja-
cent cortex can be suspected. However, Okada 
found that the volume of ACs in nonepileptic 
patients was significantly larger than that in epi-
leptic patients [36]. Hajek suggested an 
increased level of excitatory amino acids in the 
cystic fluid found in two patients as a possible 
mechanism of epileptogenesis [15]. But this 
wasn’t confirmed in Wieser’s study that included 
22 patients and concluded that there was a lack 
of evidence for a close correlation between 
excitatory amino acids in cyst fluid and epilepsy 
[51]. Another proposed mechanism is cerebral 
blood perfusion of the surrounding brain cortex 

where studies using single-photon emission 
computed tomography (SPECT) in patients with 
epilepsy showed hypoperfusion around ACs that 
may form an epileptogenic focus [36, 43]. 
Finally, ACs can be associated with brain paren-
chymal lesions that are known to cause seizures 
such as neurofibromatosis, polymicrogyria, 
Sturge-Weber, cortical dysplasia, heterotopia, 
and hippocampal sclerosis [3, 4, 9, 11, 21, 29]. 
Nikolic suggests that “More likely, focal epi-
lepsy and AC share a common etiological (pos-
sibly genetic) ancestor but represent distant and 
distinct entities” [35].

4  Electroclinical and Imaging 
Features

Most of the studies don’t indicate the type of sei-
zure or epileptic syndrome that is present, and 
few of them used video EEG to better localize the 
seizure focus. Different types of seizures have 
been reported in association with ACs. Most of 
seizures were focal: frontal, temporal, or occipi-
tal [2, 12, 13, 20, 35, 41, 53]. Generalized sei-
zures have also been reported [47, 52]. Based on 
the type of seizures and EEG abnormalities, stud-
ies have reported various epileptic syndromes: 
absence epilepsy, juvenile myoclonic epilepsy, 
and other idiopathic generalized epilepsies. In a 
case report, Ventura suggests a possible link 
between absence epilepsy and ACs based on the 
theory of the role of a cortical focus in primary 
generalized epilepsies [32, 47, 52]. Other studies 
reported associations to benign rolandic epilepsy, 
Panayiotopoulos syndrome, epileptic encepha-
lopathy, and epilepsia partialis continua [34, 46, 
47, 52, 53].

Based on MRI or CT, the majority of ACs 
associated with epilepsy were located within the 
middle cranial fossa. Other less commonly 
reported locations included the interhemispheric 
fissure, cerebral convexity, and even the posterior 
fossa, which according to the authors was 
explained by the role of the cerebellum as a mod-
ulator on seizure activity [8, 13, 40, 50].
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Studies have tried to investigate the correla-
tion between electroclinical features of epilepsies 
and AC locations. Arroyo reported that among 12 
epileptic patients with temporal AC, only three 
had temporal seizures, and among four cases 
with frontal cysts, only one had frontal seizures 
ipsilateral to the cyst. There was also a patient 
with a cerebellopontine angle cyst who presented 
with frontal seizures. He concluded that AC loca-
tions do not necessarily reflect the seizure focus 
[2]. Yalcin studied a series of 20 patients with AC 
and epilepsy. Eight patients had idiopathic focal 
or generalized epilepsy. Epilepsy couldn’t be 
classified in two cases, and ten had epilepsy with 
focal seizures. He found agreement between 
electroclinical and cyst locations in only one 
patient. Thus, he suggested that ACs may not be 
related to specific seizure type and EEG focus 
[52]. More recently, Martínez came to similar 
conclusions. In his study from 1990 to 2019, 25 
patients with epilepsy and at least one AC were 
included. Congruence between electroclinical 
features and cyst location was found in only two 
patients [30]. Yet, the agreement between clini-
cal, electroencephalographic, and imaging fea-
tures is crucial when surgical treatment is 
considered.

5  Diagnostic Workup

The current data in the literature do not allow for 
the establishment of a clear consensus for treat-
ment. The studies available include few or iso-
lated cases, and most of them lack clinical and 
electroencephalographic details. From a practi-
cal standpoint, case series do not support a cor-
relation between radiological and clinical data. 
On the other hand, the reported cases of dramatic 
improvement after cyst surgery cannot be 
ignored.

When AC and epilepsy are associated, the first 
step should be to classify as accurately as possi-
ble the type of epilepsy according to the ILAE 
classifications [38, 42]. This should take into 
account adequate semiology description, neuro-

logical and neuropsychological examination, 
electroencephalography, imaging, and genetic or 
metabolic testings if needed [10, 38, 42]. The 
patients may be then be classified into three 
groups:

 1. Patients with syndromes that are typically not 
associated with lesions such as idiopathic 
generalized epilepsies and self-limited focal 
epilepsies. The AC in these cases is more 
likely to be incidental. This situation is illus-
trated by the first case: a patient with juvenile 
myoclonic epilepsy where the MRI shows a 
right temporal AC (Fig. 1a, b).

 2. Patients with AC and structural abnormalities 
that are known to be epileptogenic. 
Abnormalities can be acquired, such as stroke 
and trauma, or genetic, such as malformations 
of cortical development and tuberous sclero-
sis complex. In these cases, structural abnor-
malities might more likely cause seizures 
than AC [2]. Yet, electroclinical and imaging 
correlation should be checked to confirm 
which of the AC or cortical abnormality 
causes the seizures. Video EEG plays an 
important role, especially if a seizure is 
recorded. If EEG or video EEG is inconclu-
sive, positron emission tomography (PET) 
or single-photon emission computed tomog-
raphy (SPECT) can be performed to detect 
the epileptogenic focus [8]. A case reported 
by Martinez-Luna illustrates this situation: 
a 6-year-old child with a temporal AC and 
an ipsilateral frontal dysembryoplastic neu-
roepithelial tumor was revealed by refrac-
tory focal seizures. Seizure semiology was 
analyzed and concluded to have a fronto-
temporal pattern. Then an EEG was per-
formed and showed frontotemporal 
abnormalities. Neuropsychological assess-
ment found frontal region alterations. Thus, 
the frontal lesion was operated on, and the 
patient became seizure-free without medica-
tion [27]. The situation can be more com-
plex when the two lesions are adjacent as in 
case 2 (Fig. 2) which shows an AC adjacent 
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b

a

Fig. 1 (a and b) Case 1—a 7-year-old boy with no medi-
cal history presented with a generalized tonic-clonic sei-
zure while falling asleep. Neurological examination was 
unremarkable. Basic neuropsychological assessment was 

normal. (a) T2-weighted FLAIR axial MRI shows a right 
temporal AC. (Courtesy of Dr. Rachida Saouab). (b) EEG 
shows a normal background with rapid generalized poly-
spike and wave associated with myoclonia
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Fig. 2 Case 2—a 6-year-old boy presents with focal 
clonic seizures of the right limbs. T2-weighted FLAIR 
axial MRI showing left insular polymicrogyria with adja-
cent AC. (Courtesy of Dr. Meriem Edderai)

to polymicrogyria of the insular cortex. 
Polymicrogyria is known to cause seizures 
more frequently than ACs [28].

 3. Patients with ACs with neither associated 
brain lesions on MRI nor criteria for nonle-
sional epileptic syndrome. As for the second 
group, the correlation between clinical fea-
tures, EEG, and anatomy is important. Video 
EEG, PET, or SPECT may help better local-

ize the focus. If inconclusive, intracranial 
EEG recording may be performed. When the 
assessment finds a focus far from the AC, 
then the cyst is likely incidental, as in case 3 
(Fig.  3a, b). However, when the focus is 
located near the cyst, a structural abnormal-
ity in the surrounding cortex cannot be ruled 
out. Intraoperative corticography or intracra-
nial EEG recording may be required. 
However, the placement of subdural elec-
trode grids is challenging when the surface is 
not convex. Kushien and Frim reported two 
cases on whom they placed subdural grids in 
the concave cyst cavity and held them in 
place with rolled gelatin foam padding. This 
allowed for good electrode contact and thus 
focused localization. The padding and elec-
trode grids were removed before resecting 
the seizure focus [25]. Hoyt used fibrin seal-
ant to fix the grids on the  concave cortical 
surface within a decompressed AC.  There 
was no loss of signal from any of the grid 
electrodes which allowed for accurate focus 
localization. Electrodes were easily removed 
without underlying brain injury, before 
resection of the frontal pole sparing the infe-
rior frontal gyrus. The patient became sei-
zure-free without medication [18]. Based on 
the available literature data, we summarize 
the “ideal” diagnostic workup in an algo-
rithm (Fig. 4). The main limit of this approach 
is the availability of the different tools, 
mainly, PET, SPECT, intracranial EEG, and 
electrocorticography.
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a

Fig. 3 (a and b) Case 3—a 12-year-old girl with focal 
temporal seizures, abnormal epigastric sensations fol-
lowed by clonic movements of the right limbs and then 
bilateral tonic-clonic movements. MRI shows a right tem-

poral AC (a), while clinical semiology and EEG (b) are 
consistent with a left temporal focus. (Courtesy of Dr. 
Jamal Fenni)
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AC And Epilepsy

Clinical and Neuropsychological evaluation
EEG +/– VideoEEG

MRI (if not performed earlier)
+/– Genetic testing

+/– Metabolic testing

Associated structural abnomality
AC with no associated
structural abnomality

Focus is near AC
Focus is far

from AC

Probable incidental AC
Intraoperative electrocorticography

or Intracranial EEG

Non structural epileptic
syndrome (IGE...)

Semiology analysis

Detailed neuropsychological
assessment

VideoEEG

PET/SPECT

Fig. 4 Algorithm summarizing the proposed diagnosis 
workup for AC associated with epilepsy (ACs arachnoid 
cyst, EEG elecroencephalography, video EEG video elec-
troencephalography, MRI magnetic resonance imaging, 

IGE idiopathic generalized epilepsy, PET positron emis-
sion tomography, SPECT single-photon emission com-
puted tomography)
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6  Management 
of the Association 
of Arachnoid Cyst 
with Epilepsy

There is no consensus regarding the treatment 
choices in cases of AC with associated epilepsy 
[33, 50]. In a survey, including 45 pediatric neu-
rosurgery centers, one-fourth of the participants 
considered seizures as a primary indication for 
surgery [45].

As in almost all epilepsies, antiseizure medi-
cation should be attempted. The choice of the 
drug depends on the type of seizure, the epileptic 
syndrome, and the patient’s background [22], in 
addition to the availability, affordability, and tol-
erability of antiseizure medications.

Surgical treatment may be considered in 
patients with refractory seizures when presurgi-
cal evaluation reveals a strong correlation 
between cyst localization and the clinic- 
encephalographic features [33, 48]. There are no 
recommendations regarding the type of surgery 
to choose when AC is associated with epilepsy 
[33]. Surgical technique is usually chosen based 
on cyst localization rather than its association or 
not to seizures [31]. According to Wang, micro-
surgical craniotomy is the technique of choice in 
the case of cyst-related epilepsy [48]. Holst and 
colleagues highlight that microsurgical decom-
pression through craniotomy allowed the best 
results in their study [17]. According to Murthy, 
the favorable outcome in both studies may be 
explained by the associated surgical resection 
that was guided by intraoperative electrocorti-
cography [33]. The approach we propose in the 
diagnostic workup would be useful to assess the 
extent of surgical resection.

Regarding the effect of surgery, few studies 
report specifically on the results of epilepsy. On 
the other hand, as Wester highlighted, terms such 
as “improved” and “good outcome” used remain 
vague as it is impossible to find out whether 
patients were seizure-free or had a reduction of 
seizure frequency and whether the medication 

was maintained, reduced, or discontinued after 
surgery [50]. Some studies failed to demonstrate 
a difference in outcome between operated and 
non-operated patients [14, 24, 30, 49]. Other 
studies report favorable outcome on seizure con-
trol [5, 6, 17, 44, 48]. Children particularly may 
experience marked improvement after surgery 
[19, 49, 50]. The improvement was correlated to 
cyst reduction in size and, probably as in all 
lesional epilepsy, to the correlation between 
clinic-electroencephalographic features with the 
localization [1, 24, 33]. This highlights once 
again the utmost importance of the presurgical 
evaluation. Finally, patients with no history of 
epilepsy may experience seizures in the immedi-
ate postoperative phase and even in the long term 
that might be associated with the increase in the 
perfusion of the hypoperfused cortex [26, 50]. 
Thus, when considering a surgical treatment in 
patients without epilepsy, the risk-benefit balance 
should be adequately assessed.

7  Conclusion

Managing AC associated with epilepsy should be 
performed by a multidisciplinary team including 
not only neurosurgeons but also neurologists, neu-
ropediatricians, neuropsychologists, neurophysi-
ologists, neuroradiologists, and  anesthesiologists. 
Thorough multimodality evaluation is needed 
before deciding whether the patient requires medi-
cal treatment, surgical treatment, or both. When 
surgery is considered, an accurate presurgical 
evaluation is necessary to confirm the clinico-elec-
troencephalography and imaging correlation 
which will guide the choice of the correct tech-
nique and weigh its risks and benefits. There is an 
urgent need for prospective multicentric studies 
pooling compiled data from multiple institutions 
to obtain a large sample size that would allow the 
study of the relationship of AC to epilepsy, treat-
ment indications, the most appropriate surgical 
technique when surgery is considered, and the 
short- and long-term outcome.
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Psychiatric Manifestations 
of Arachnoid Cysts

Osman Vırıt, Öykü Özçelik, and Volkan Dizman

1  Introduction

Arachnoid cysts (ACs) are often congenital and 
present at birth. Head injury or trauma can also 
result in a secondary AC.  The most common 
location for ACs is the middle cranial fossa, fol-
lowed by a retrocerebellar location and over the 
cerebral convexity or rarely other anatomic local-
izations such as interhemispheric region [1, 29, 
42, 62]. Radiologically, most ACs appear to be 
expansive lesions, and functional imaging has 
shown that ACs may cause a reorganization of 
cortical functions and reduced cortical thickness 
of the adjacent cerebral cortex [26]. It has been 
reported that ACs reduce perfusion and metabo-
lism in the surrounding cortical regions [13, 49]. 
Symptomatic ACs are most often associated with 
a degree of intracystic pressure [22], and there 
are also results reporting that the occurrence of 
symptoms is not related to the intracystic pres-
sure [40]. The nature of the neurological and psy-
chiatric symptoms is generally related to the 
location of the cyst, its size, the intracystic pres-
sure, and patient age [51, 67].

2  Psychiatric Symptoms or 
Disorders Related to ACs

Many reports, either case studies or studies where 
groups of patients with neuropsychiatric disor-
ders have been radiologically examined, suggest 
that ACs may indeed affect mental functions [17,  
27, 29, 66]. Psychiatric disorders or symptoms 
that include alexithymia [5], attention deficit 
hyperactivity disorder [14, 42], delirium [7], 
depression and anxiety [6, 15, 18, 53, 63, 70], 
insomnia and irritability [61], organic dementia 
syndrome [8, 28], schizophrenia-like symptoms 
or other psychotic disorders [4, 5, 10–12, 16, 17, 
21, 30, 34, 63, 69, 70], anorexia nervosa with 
delusions of guilt and catatonia [68], obsessive-
compulsive disorder [20], developmental delay 
[20], autistic condition [20], suicide attempts 
[28], aggressive behavior [12, 44], and homicide 
[39, 48] have been reported.

It has been reported that very few of these 
patients were operated on for their ACs [66]. 
Also, AC case series have reported that there 
were patients with psychiatric diagnoses [18, 28, 
35, 49, 55, 66]. It has been reported that most of 
the patients who were operated on, albeit a small 
number, showed improvement in their symptoms 
[66]. However, no postoperative improvement in 
behavioral problems was found [3]. Standard 
cognitive tests were used in all case series [3, 28, 
33, 35, 49, 50, 55]. It has been concluded that 
ACs can sometimes complicate the diagnosis of 
psychiatric conditions [56, 65].
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There is a case report in the literature describ-
ing negative psychotic symptoms. In a 28-year- 
old male patient with a posterior fossa AC, 
negative symptoms such as shallowing of the 
affect, avolition, and catatonic symptoms such as 
staying in the same poster for a long time were 
described. It was noted that the patient did not 
have a depressive mood. The patient had surgery. 
However, the surgical outcome was not men-
tioned in the article [54].

3  Cognition in ACs

Recently, there has been an increase in the number 
of studies testing cognition in individuals with 
ACs. Dyscognition has also been demonstrated in 
several case reports and case series on AC patients. 
Some of these patients had clinically overt cogni-
tive problems [7, 13, 14, 40, 46, 57, 58, 60, 62]; in 
others the dyscognition was revealed only after 
neuropsychological testing [25, 32, 33, 35, 36, 49, 
50, 61, 72] in adults and in children. Very few 
patients received surgical treatment, and most of 
them recovered after surgery [35, 49, 66]. Several 
aspects of dyscognition have been reported: 
agraphia [24], dementia [8, 9, 23, 45], mental 
retardation [13, 25, 38, 40, 43, 59], delayed lan-
guage development and learning problems in chil-
dren [7, 12, 25, 57, 64], verbal learning, visual 
perception, constructional skills, conceptual shift-
ing, psychomotor speed [53], and memory deficits 
[25, 53, 57, 61, 72]. However, very few of these 
articles report on the functional results after cyst 
decompression although they all describe normal-
ization of the cognition, including developmental 
delays [14, 25, 43, 53, 61], even with only minimal 
reduction of the volume of the decompressed cyst 
[53]. However, well- established mental retarda-
tion seems to be irreversible [3].

Currently, many surgeons prefer not to per-
form surgery on the basis of relatively little evi-
dence of psychiatric disorders and cognitive 
deficits associated with ACs [56, 66]. In this 
regard, the team that contributed the most to the 
literature, Wester et  al., emphasized that the 
available evidence is sufficient to recommend a 

surgical procedure [66]. In children with cysts, 
even in the absence of obvious symptoms, brain 
development in children continues with external 
stimuli. Accounting for the growth nature of the 
cysts, and considering that most of the cysts are 
located in the temporal region where there are 
very dense neural networks, the child should be 
protected from irreversible injury. Reports sug-
gest that it is more reasonable and necessary to 
consider surgery to protect neural development in 
children [56, 66].

In addition to the decision to have the opera-
tion, especially in children, when the operation 
should be performed is another matter for discus-
sion. The question of waiting for the brain tissue 
to continue to develop in asymptomatic children 
and/or those with mild to moderate symptoms or 
whether it is preferable to resort to earlier surgery 
in order not to miss the so-called treatment win-
dow still remains important [41, 56, 64, 66].

Almost all authors emphasize that a standard 
examination and neuroimaging alone are not suf-
ficient to evaluate for cognitive impairment and 
that neuropsychological cognitive tests should be 
used to fully understand the degree of impair-
ment and to indicate whether an operation should 
be considered. It has been reported that testing 
should be performed after the operation as well 
as before the operation [33, 49, 50, 66]. 
Kwiatkowska et  al. stated that apart from the 
requirements mentioned above, it is important to 
use tests and to provide school support to chil-
dren in following their school performance, and 
they suggested neuropsychological testing should 
be a routine part of case management in pediatric 
patients with cysts [33].

In the decision to operate, the degree of evi-
dence for the surgery should be well explained to 
the patients and their families, and that in some 
cases, not having surgery may result in the depri-
vation of the opportunity for full improvement. 
The decision for a surgical operation should be 
made with the consensus of the patient, family, 
neurosurgeon, and psychiatrist, and it was stated 
that it would also be prudent to include a neurolo-
gist, a neuropsychologist, and an ethicist in the 
decision process [56, 66].
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As a result of their review, Wester et al. stated 
that surgeons should no longer wait for dramatic 
signs to decide on whether to operate and that 
almost all cases and case series that were oper-
ated on showed significant improvement indicat-
ing that the available evidence was sufficient to 
favor performance of the operation [66]. In the 
decision to operate, neuroimaging, the examina-
tion, test results, activities reflected in the daily 
life of the patient, and their quality of life should 
also be taken into consideration [66].

4  Physiopathology

There may not be a direct parallel between the 
neuroimaging findings and the progressing symp-
toms. A possible explanation for this apparent 
discrepancy between the radiological studies and 
the clinical manifestations may be the fact that 
the AC has created its own intracranial cavity. In 
childhood, the neurocranium takes its shape after 
the growing neural contents, which is primarily 
the brain in normal people. An AC, by its pure 
presence during the growth of the skull, will cre-
ate an increase in the intracranial space. This 
excess space may allow for the cyst to be present 
without producing dramatic symptoms as 
expected from its radiological appearance. There 
is also substantial evidence that cysts can grow 
significantly in children. This indicates an 
increased intracystic pressure that develops over 
time [31, 47, 67].

There appears to be a relationship between the 
intracystic pressure and subjective patient com-
plaints [19]. Therefore, it seems reasonable to 
assume that the patient’s symptoms are due to the 
pressure exerted by the cyst on its surroundings. 
However, the presence of symptoms may not 
always be due to the intracystic pressure [19]. 
Most ACs are considered congenital and often 
remain clinically silent [2]. This finding shows 
that although the effects of the cyst on the adja-
cent brain tissue have lasted for a lifetime, the 
pressure of the cyst on the surrounding brain 
parenchyma does not necessarily cause perma-
nent damage, but rather reversible suppression of 
brain functions. The complete remission of 

symptoms, even after decompression of very 
large ACs, reveals the particularly impressive 
neuroplasticity of the brain [66].

5  ACs in Patient Populations 
with Psychiatric Disorders

There are few studies investigating the preva-
lence of ACs in patients with psychiatric disor-
ders. One of them by Zeegers et al. reported that 
8.5% of children under 3 years of age with devel-
opmental disorders had ACs [73]. However, 
Lingam et al. found a smaller fraction of cysts in 
a computed tomography study of 76 mentally 
abnormal children, most of whom were severely 
retarded [37]. Another study reported that only 3 
of 168 adult psychotic patients had ACs. Kohn 
et al. reported eight patients with ACs who were 
diagnosed with a primary psychiatric disorder 
and two of their patients underwent surgical 
decompression that was resulted in improvement 
of the psychiatric symptoms in both patients [28].

6  Psychiatric Treatments

In the treatment of psychiatric symptoms, the treat-
ment is determined based on the existing symp-
toms. Antipsychotic drugs, mood stabilizers, 
antidepressants, and benzodiazepines are used in 
psychiatric situations. Outpatient or inpatient treat-
ment options should be considered according to the 
degree of psychiatric symptoms [52, 56, 71]. In 
case reports, it has been described that electrocon-
vulsive therapy (ECT) can be used safely in patients 
who need that treatment [50]. These treatments 
should be evaluated in conjunction with a neuro-
surgery consultation. If symptoms resist pharmaco-
logical treatment in patients for whom primary 
surgery was not considered, the surgical option 
should be readdressed. It is difficult to distinguish 
whether the psychiatric condition is due to a pri-
mary source or an AC [56, 65]. The atypicality, 
complexity, and course of the symptoms are impor-
tant in the evaluation of treatment options. There 
are reports that psychiatric symptoms completely 
resolved with only cyst decompression [66].
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7  Conclusion

It is reported in the literature that patients with 
ACs may have psychiatric disorders or symptoms 
related to the ACs, some of which completely 
resolve with surgical operations, or the procedure 
contributes positively to the treatment process. It 
should be kept in mind that in cases of atypical 
psychiatric symptoms and resistance to standard 
treatments, there may be an AC, apart from other 
factors. In the treatment of psychiatric symptoms 
and disorders, psychotropic drugs are used in 
pharmacotherapy according to the diagnosis and 
the symptoms, and ECT can be performed if nec-
essary. In the evaluation and treatment manage-
ment process of ACs in children, additional 
sensitive thinking is very important in order to 
prevent irreversible injury. The use of neuropsy-
chological tests should definitely be a part of the 
evaluation process. The potential need for school 
support in children should also be considered.
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Differential Diagnosis 
of Intracranial Arachnoid Cysts

Ali Akhaddar 

1  Introduction

Intracranial arachnoid cysts (ACs) are an uncom-
mon heterogeneous pathologic entity that are more 
complex than they were considered in the past. 
These cystic lesions may present with variable 
clinical signs and symptoms as well as neuroimag-
ing appearances which depend principally on their 
anatomic localizations, cyst sizes, etiological 
forms, and the patient’s age. Some of the cysts are 
asymptomatic (known as incidental imaging find-
ings), while others manifest as a space-occupying 
lesion or mass [5, 16, 52]. ACs may be confused 
with many intracranial cysts of different etiologies 
[28, 56, 59]. Both neurosurgeons and radiologists 
must be prepared to recognize all possible consid-
erations in preoperative images, during the thera-
peutic planning process and even throughout the 
patient’s care. Consequently, a high index of suspi-
cion needs to be kept in mind in order to achieve 
an appropriate analysis of ACs and to develop a list 
of the possible intracranial cyst-mimicking lesions.

A summary of the most common imaging dif-
ferential diagnoses for intracranial ACs is given 
in this chapter according to the anatomic local-
izations and origin of the cysts. Moreover, chap-
ter “Differential Diagnosis of Intraspinal 
Arachnoid Cysts” provides a review of the dif-
ferential diagnosis for intraspinal ACs.

2  Subdural Hygromas

Subdural hygromas (SHG) refer to the accumula-
tion of fluid in the subdural space usually after 
trauma. Other underlying causes may exist such 
as spontaneous intracranial hypotension and sec-
ondary to intracranial surgery. SHG are encoun-
tered in all age-groups but are generally most 
common among the elderly [49]. Some cases 
called “idiopathics” are seen in pediatric patients. 
SHG differ from ACs in many aspects such as the 
content of the subdural fluid collection, neuroim-
aging appearance, and clinical manifestations 
[49, 50]. The vast majority of patients are asymp-
tomatic. However, some symptoms, unusually 
reported, consist of headaches, nausea/vomiting, 
changes in mental status, focal neurological defi-
cits, and seizures. Most SHG develop around the 
Sylvian fissure and the frontal lobe convexities 
without significant mass effect on the surround-
ing structures. The posterior fossa is rarely 
involved.

On both the computed tomography scan (CT 
scan) and magnetic resonance (MR) imaging, 
classic subdural hygromas manifest as “crescen-
tic” subdural collections that do not extend into 
the sulci [2, 49]. The density and signal charac-
teristics are similar to those of cerebrospinal fluid 
(CSF) (Fig. 1). However, in some atypical cases, 
there is an increased density within the hygroma 
on CT scan as well as a heterogeneous signal on 
MR imaging (primarily hyperintense on the fluid 
attenuated inversion recovery sequence (FLAIR)) 
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Fig. 1 Axial CT scan image showing a left frontal subdu-
ral hygroma

Fig. 2 Axial CT scan image revealing a left hemispheric 
chronic subdural hematoma

related to a mixture of CSF and blood [49, 50]. 
Also, hygromas are frequently seen bilaterally, 
but bilaterality is not sufficient to differentiate 
SHG from ACs.

3  Chronic Subdural 
Hematomas

Chronic subdural hematoma (CSDH) is a collec-
tion of blood accumulating in the subdural space 
which is the potential space between the dura and 
arachnoid mater of the meninges. CSDH can 
appear among any age group, particularly in the 
aging population [13]. This type of hematoma is 
mainly due to head trauma which occurred at 
least 3 weeks previously. CT scans without con-
trast injection are usually sufficient to make the 
proper diagnosis. Clinical signs and symptoms 
vary widely depending on the volume and chro-
nicity of the bleeding. Often, the diagnosis may 
be inconclusive prior to obtaining a neuroimag-
ing study [13, 34].

The majority of CSDH is unilateral in adults, 
mainly seen over the frontoparietal convexities 
and in the middle cranial fossa (Fig. 2). However, 
isolated interhemispheric/parafalcine CSDH is 
encountered more frequently among children 
than in adults and is common in cases without 
injury.

CSDH is usually crescentic, not rounded or 
scalloped, and may have similar CT attenuation 
as ACs. Whereas with MR imaging, the signal 
appearance is never completely identical. CSDH 
shows evidence of prior bleeding, especially on 
T2* and FLAIR sequences, and can have enhanc-
ing membranes following contrast administra-
tion [2, 13].

4  Epidermoid and Dermoid 
Cysts

Epidermoid and dermoid cysts are congenital 
lesions occurring due to the inclusion of ectoder-
mal elements during neural tube closure. The two 
cysts are often grouped together but epidermoids 
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are lined with only stratified squamous epithe-
lium, whereas dermoids contain additional skin 
appendages such as hair, sebaceous, and sweat 
glands. Both epidermoids and dermoids have 
been confused pathologically for a long time. 
Epidermoid cysts are known to occur in the cer-
ebellar pontine angle, in the quadrigeminal cis-
tern, para/suprasellar region, and the temporal 
fossa. They engulf blood vessels and nerves, 
insinuating themselves along CSF cisterns [56, 
65]. While dermoids are typically located in the 
midline [71]. Some intracranial dermoid and epi-
dermoid cysts are asymptomatic and are only 
found fortuitously. Often, patients may present 
with unclear nonspecific clinical symptoms such 
as headache, dizziness, or blurred vision. More 
unusually, there are symptoms of aseptic chemi-
cal meningitis caused by cyst rupture within the 
subarachnoid spaces [48].

Epidermoids are by far the most common 
diagnostic differential of ACs especially those 
that develop in the posterior fossa. Both ACs and 
epidermoid cysts may have similar characteris-
tics on CT scan and on T1/T2-weighted images 

and neither show gadolinium enhancement. 
However, the two cystic lesions present differ-
ences on FLAIR sequences and on diffusion- 
weighted imaging (DWI) [81]. FLAIR 
demonstrates a heterogeneous/dirty signal for 
epidermoids that is opposite of the low (sup-
pressed) signal in the case of ACs. In addition, 
epidermoids have a typically elevated signal on 
DWI with corresponding dark signal on the 
apparent diffusion coefficient (ADC) scan (due to 
presence of fat epithelial keratin inside the cyst); 
whereas ACs have unrestricted diffusion and low 
signal on the ADC scan [26, 56, 65].

On imaging, dermoid cysts are usually well- 
defined lobulated midline masses that have low 
attenuation (fat density due to sebum) on CT scan 
and high signal intensity on T1-weighted MR 
images. Instead, dermoids can be differentiated 
on CT or MR imaging with signal intensities that 
are similar to fat not CSF (Fig. 3) [48]. Typically, 
dermoid cysts do not enhance after contrast 
administration. In ruptured cysts, the most com-
mon finding is that of foci with high signals on 
T1-weighted MR images, throughout the sub-

a b

Fig. 3 Temporo-parasellar dermoid cyst on the left side. Axial CT scan (a), post-gadolinium T1- (b) and T2-weighted 
MR images (c). Coronal on FLAIR sequence (d)
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arachnoid space and occasionally within the ven-
tricles [71].

Lastly, it is useful to add that some epidermoid 
and dermoid cysts demonstrate calcifications 
within the cysts on the CT scan. Likewise, partial 
enhancement may be seen around the cystic mar-
gin of some unusual forms of dermoids and epi-
dermoids [48, 65, 71].

5  Cystic Tumors

5.1  Pilocytic Astrocytomas

Pilocytic astrocytomas (also known as juvenile 
pilocytic astrocytomas) are well circumscribed 
astrocytic gliomas that usually occur in the pedi-
atric population, especially at the end of the first 
decade of life. More than half of pediatric pilo-
cytic astrocytomas are found in the cerebellum. 
These benign tumors may involve both the ver-
mis and the cerebellar hemisphere. Brainstem 

sites are rare. Pilocytic astrocytomas represent 
the single most frequent pediatric central nervous 
system (CNS) tumor [53]. The majority of cases 
are sporadic but they may be seen among chil-
dren with type I neurofibromatosis. Clinical pre-
sentation depends on tumor location. In the 
posterior fossa, there is most often mass effect 
with signs of increased intracranial pressure, 
especially when hydrocephalus is present. 
Cerebellar signs with or without bulbar symp-
toms may also be present.

These tumors have a range of imaging appear-
ances [53, 56], with the majority presenting as a 
large cystic lesion with a brightly enhancing 
mural nodule (Figs. 4 and 5). Calcification can be 
identified in about 20% of cases.

Cystic collections are often slightly hyper-
dense compared to CSF on the CT scan with an 
intensely enhancing mural nodule on both CT 
scan and MRI (Fig. 4). Cyst wall enhancement is 
inconsistent and is principally seen in higher 
grade gliomas (Figs. 6 and 7) [56].

dc

Fig. 3 (continued)
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a b

dc

Fig. 4 Cerebellar pilocytic astrocytoma presenting as a 
large cystic lesion with a mural nodule (arrows). Axial CT 
scan (a), T2-weighted MR image (b), and FLAIR 

sequence (c). Post-operative axial post-gadolinium 
T1-weighted MR image (d)
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a b

dc

Fig. 5 Ponto-mesencephalic pilocytic astrocytoma with a 
mural nodule (arrows). Sagittal T1-(a), T2- (b), and axial 
T2-weighted MR images (c). Note the enhancing mural 

nodule on sagittal T1-weighted MR image following gad-
olinium injection (d)

5.2  Hemangioblastomas

Hemangioblastomas are rare vascular tumors that 
occur both sporadically and among patients with 
von Hippel Lindau disease [83]. They are benign 
tumors that can arise in the central nervous sys-
tem (CNS) (particularly in the posterior fossa), or 
elsewhere in the body, including in the retina, 

kidneys, and liver. Hemangioblastomas typically 
occur in young and middle-aged adults with a 
slight male predilection [47]. Patients may have 
headaches, nausea/vomiting, vertigo/dizziness, 
and walking difficulties due to balance problem. 
Hemangioblastomas may be solid but most cases 
are associated with formation of intratumoral 
cysts as a consequence of vascular leakage [33].
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a b
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Fig. 6 Right parietal cystic glioblastoma with a mural 
nodule (arrows). Sagittal T1- (a) and T2-weighted MR 
images (b). Post-gadolinium sagittal (c) and coronal (d) 

T1-weighted MR images showing both mural nodule 
(arrow) and cyst wall enhancement

These tumors generally appear on imaging as 
demarcated homogeneous masses composed of a 
fluid-filled cyst (similar to CSF) with non- 
enhancing walls and a mural nodule which 
strongly enhances (Fig.  8). Interestingly, the 
majority of mural nodules have prominent ser-
pentine flow voids due to enlarged vessels. On 
cerebral angiography, hemangioblastomas 
appear with enlarged feeding arteries and often 
dilated draining veins with an important central 
tumor blush [82]. In addition, diffusion weights 
images (DWI) and apparent diffusion coefficient 

(ADC) scans may be useful for differentiating 
 hemangioblastomas from other intraaxial 
enhancing tumors occurring in the posterior 
fossa [63, 81].

5.3  Gangliogliomas

Gangliogliomas are another uncommon, usually 
low-grade, brain tumor that may contain a fluid- 
filled cystic collection. They have been described 
everywhere in the CNS but are generally found 

Differential Diagnosis of Intracranial Arachnoid Cysts



222

a b
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Fig. 7 Left frontal anaplastic astrocytoma with a mural nodule (arrows). Sagittal (a) and axial (b) post-gadolinium 
T1-weighted MR images. Coronal T2-weighted MR image (c) and axial FLAIR sequence (d)

in the temporal lobes [51]. Children and young 
adults are frequently affected without a gender 
predominance [39]. Temporal lobe epilepsy is 
the most common clinical presentation with or 
without symptoms of raised intracranial pres-
sure or focal neurologic deficits. Their appear-

ance on neuroimaging varies from a partially 
cystic mass with an enhancing mural nodule to a 
solid mass infiltrating adjacent temporal gyri 
[51]. Contrast enhancement is inconsistent and 
often nonspecific involving the solid tumoral 
component [39].
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Fig. 8 Right hemispheric cerebellar hemangioblastoma 
presenting as a large cystic lesion with a mural nodule 
(arrows). Axial post-contrast CT scan (a), axial (b) and 

coronal (c) post-gadolinium T1-weighted MR images, 
and coronal T2-weighted MR image (d)

5.4  Tumors Developed 
in the Subarachnoid Space

Some other cystic tumors are extra-axial and 
develop in the subarachnoid space. These include 
meningiomas (Fig. 9), schwannomas, and brain 
metastases. In 1979, Nauta classified cystic 

meningiomas into four types: central tumoral 
cyst, peripheral intratumoral cyst, peritumoral 
cyst in the adjacent brain parenchyma, and cyst 
between the tumor and the adjacent brain 
 parenchyma [55]. Indeed, some associated cysts 
correspond to a trapped encysted accumulation 
of CSF contiguous with large extra-axial tumors. 
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a b

d
c

Fig. 9 Left temporal cystic meningioma (stars). Axial post-contrast CT scan (a), sagittal T1-weighted MR image (b), 
axial FLAIR sequence (c), and coronal T2-weighted MR image (d)

When a neoplasm develops it traps the CSF 
between itself and the bordering brain paren-
chyma. On the contrary, an intratumoral cyst 
may be secondary to a degenerative phenome-
non, ischemic necrosis, bleeding, tumor cell 
secretion, or adjacent white matter demyelin-
ation [29, 58, 79].

The majority of these cystic tumors are easy to 
differentiate from ACs due to their solid compo-
nents. Contrast/gadolinium injection can differ-
entiate between similar lesions where an 
enhancing portion is typical in fleshy tumors but 
not in ACs [64]. Entirely cystic tumors were pre-
viously described but are rare [25, 42].

A. Akhaddar



225

a b

Fig. 10 Axial CT scan before (a) and after (b) contrast injection showing a hypodense low-grade glioma in the left 
parietal region (stars)

5.5  Low-Density Tumors

Conversely, some homogeneous low-density 
tumors (e.g. low-grade gliomas) on CT scan may 
be confused with ACs (Fig. 10). However, devel-
opment of advanced MR imaging techniques, 
especially using multiples sequences and gado-
linium administration, facilitates the differentia-
tion between both types of lesion. Careful 
inspection of the solid component within the sus-
pected lesion, examination of its relationship to 
surrounding structures, and evaluation of the 
enhancement effect after gadolinium injection 
will help to avoid this error.

6  Non-neoplastic Cysts

6.1  Neurenteric Cysts

Neurenteric cysts (also known as enterogenous 
cyst) are rare, benign, congenital, endodermal 
lesions resulting from incomplete resorption of 
the neurenteric canal. The cyst content is gener-

ally mucoid in nature, with a variable protein 
composition [19]. These extra-axial cystic lesions 
are more commonly located in the spine rather 
than in the brain. Most cysts are intradural, extra-
medullary, and anterior to the spinal cord in the 
thoracic spine. Association with anterior spinal 
dysraphism and Klippel-Feil anomalies is highly 
suggestive.

Patients with neurenteric cysts may present 
variable clinical symptoms such as headache, 
vertigo, focal neurologic deficits, seizures, or cra-
nial nerve deficits (particularly third, fifth, and 
eighth cranial nerve dysfunction) [19, 60].

On CT scan, neurenteric cysts are iso/
hypodense lesions. They can be similar to ACs 
although most of them are iso-/slightly hyperin-
tense compared to CSF on T1-weighted and typi-
cally hyperintense on T2-weighted MR imaging 
sequences. The imagery appearances may vary 
depending on protein content. Peripheral rim 
enhancement is rare following contrast injection. 
An important fact should be considered according 
to Preece et al., all neurenteric cysts are hyperin-
tense compared to CSF on FLAIR sequences [60].
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6.2  Ependymal Cysts

Intracranial ependymal cysts are rare benign neu-
roepithelial cysts lined by ependymal cells that 
produce a clear serous liquid. They occur less 
 frequently than ACs. The cysts are most fre-
quently located deep in the brain parenchyma 
(Fig. 11), but other locations can be involved such 
as intraventricular, periventricular, brainstem, cer-
ebellopontine area, and suprasellar and subarach-
noid spaces [27, 61]. Most ependymal cysts are 

small and asymptomatic. Conversely, symptom-
atic cases are correlated with large sizes that man-
ifest with headache or obstructive hydrocephalus.

On imaging, these cysts are difficult to differ-
entiate from ACs. The lesions are isodense and 
isointense with CSF on CT scan and MR imag-
ing, respectively, without peripheral wall 
enhancement. Sometimes, the cyst content may 
be hyperintense compared to CSF if there is a 
high protein concentration. The lack of diffusion 
restriction should be underlined [56, 61].

a b
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Fig. 11 Thalamo-mesencephalic neuroepithelial cyst 
mimicking an AC. Axial CT scan with contrast injection 
(a), sagittal (b) and coronal T1-weighted MRI (c), and 
axial T2-weighted MRI (d). (Reproduced from Akhaddar 

A. (2017) Brain Hydatid Disease. In: Atlas of Infections in 
Neurosurgery and Spinal Surgery. Springer, Cham. https://
doi.org/10.1007/978- 3- 319- 60086- 4_26; with permission)
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6.3  Neuroglial Cysts

Neuroglial cysts (also known as glial cysts or 
glioependymal cysts) are rare, benign congeni-
tal glial-lined cystic lesions developing within 
the brain white matter. These cysts are often 
erroneously named and confused with other 
non- neoplastic cysts particularly ependymal 
cysts [4, 66].

Neuroglial cysts are classically unilocular 
with rounded and well-defined borders. They 
can be intra- or extra-axial and mainly develop 
in the frontal lobes [Osborn]. On neuroimaging, 
glial cysts are not easy to differentiate from 
ACs. Hence, they are characterized as CSF-like 
parenchymal cystic collections without sur-
rounding edema. Neuroglial cysts do not show 
calcifications on CT scan and they do not 
enhance with gadolinium on MR imaging [4]. 
The cyst content is usually suppressed on T2 
FLAIR sequences [66].

7  Dandy-Walker 
Malformations

Dandy-Walker malformation (DWM) is the most 
common posterior fossa malformation, charac-
terized by a triad of the following congenital 
anomalies [11]:

 1. Agenesis or hypoplasia of the vermis and 
cephalad rotation of the vermian remnant

 2. Dilatation of the fourth ventricle extending 
posteriorly with an enlarged posterior fossa

 3. Supratentorial hydrocephalus

The Dandy-Walker variant is a less severe 
form of DWM in which there is less noticeable 
vermian hypoplasia, partial obstruction to the 
fourth ventricle but without enlargement of the 
posterior fossa (or only moderate enlargement). 
Supratentorial hydrocephalus may or may not be 
present.

Classically, retrocerebellar ACs may be con-
fused with DWM or its variant.

The majority of cases of DWM manifest dur-
ing the first year of life (rarely among adults) 
with symptoms of hydrocephalus and various 
associated neurological symptoms. Macrocephaly 
is the most common manifestation in about 80% 
of patients but older children may present with 
symptoms of elevated intracranial pressure [15, 
23]. Many CNS and systemic anomalies may be 
associated with DWM.

MR imaging is the modality of choice for the 
assessment of DWM, although both CT scan and 
ultrasound will demonstrate significant findings 
(Figs.  12 and 13). Communication between the 
third and the fourth ventricles is important to 
know because some cases of DWM may be asso-
ciated with an aqueductal stenosis (sometimes 
called triventricular hydrocephalus). CSF flow 
study on Cine MRI is recommended to better 
assess this communication [15, 23].
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Fig. 13 Dandy-Walker malformation in a child. Axial (a 
and b) and sagittal reconstruction CT scan (c) showing the 
dilatation of the fourth ventricle extending posteriorly 

(double arrows) with an enlarged posterior fossa (stars) 
and a supratentorial hydrocephalus

a b

d

c

e

Fig. 12 Dandy-Walker malformation in an adult. Lateral 
skull plain radiography (a), axial CT scan (b and c), sagit-
tal T2-weighted MR image (d), and axial FLAIR sequence 
(e), and coronal T2-weighted MR image (d) showing the 

dilatation of the fourth ventricle extending posteriorly 
(double arrows) with an enlarged posterior fossa but with-
out any hydrocephalus
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8  Schizencephaly

Schizencephaly is a rare congenital disorder of 
the brain cortical development that is character-
ized by a CSF-filled cleft which is lined by gray 
matter and extends from the pial surface of the 
cortex to the ependyma of the lateral ventricle 
[17, 36]. This defect allows direct communica-
tion between the lateral ventricle and the sub-
arachnoid space. Unilateral or bilateral, the 
majority of schizencephaly involves the posterior 
frontal or parietal lobes (perisylvian region). This 
congenital affection is frequently associated with 
other cerebral anomalies such as cortical dyspla-
sia, heterotopic gray matter, absent septum pel-
lucidum, or dysgenesis of the corpus callosum 
[17, 31, 36].

Identification of gray matter lining the cleft is the 
pathognomonic finding in differentiating schizen-
cephaly from both ACs and porencephaly. This dis-
order is best demonstrated on MRI [17, 36].

9  Neonatal Hypoxic-Ischemic 
Encephalopathy

Neonatal hypoxic-ischemic encephalopathy 
refers to the perinatal asphyxia secondary to the 
brain hypoxic-ischemic injury with complex 
and severe neurodevelopmental sequelae [9]. 
Hypoxic-ischemic encephalopathy is one of the 

most common causes of cerebral palsy and other 
severe neurological deficits in children.

It results from the destruction of a previously 
normal brain by an in-utero vascular accident, 
infection, or maternal exposure to drugs, smok-
ing, or radiation [72]. This can manifest in differ-
ent ways, depending on the severity/time of 
hypoxia and age of the patient [9, 18, 78]. The 
typical patterns, in terms of the timing of the 
insult, are expected as follows:

 – Hydranencephaly and porencephaly as 
illustrated in Fig. 14, in patients born before 
28 weeks of gestation.

 – Periventricular leukomalacia, in those born 
between 32 and 36 weeks of gestation.

 – Multicystic encephalomalacia as illustrated 
in Fig. 15, in those born at 39 or 40 weeks of 
gestation.

On neuroimaging, CT scan is the least sensi-
tive modality for evaluation of hypoxic-ischemic 
encephalopathy because of reduced parenchymal 
contrast resolution in the neonatal brain. MRI is 
the most sensitive and specific imaging technique 
for examining infants with suspected hypoxic- 
ischemic brain injury [9, 78]. In addition, con-
ventional pulse sequences can help to eliminate 
other etiologies of encephalopathy such as con-
genital malformations, bleeding, cerebral infarc-
tion, or tumors.
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Fig. 14 Hypoxic-ischemic encephalopathy in a child 
presenting with a right cerebral palsy. Axial CT scan (a), 
sagittal T1- (b) and axial T2-weighted MR images (c), 
and coronal FLAIR sequence (d) showing resorption of 

the area corresponding to the right middle cerebral artery 
that was replaced with CSF mimicking a congenital 
AC. Note the adjacent sulcal and ventricular enlargement 
without mass effect
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Fig. 15 Multicystic encephalomalacia (stars and arrows) in a child secondary to a severe meningoencephalitis. Axial 
CT scan before (a) and after (b) contrast injection

10  Encephalomalacia

Encephalomalacia is a “nonspecific name” of the 
end result of liquefactive necrosis of brain paren-
chyma which corresponds to a tissue loss. This 
condition usually occurs after cerebral ischemia, 
cerebral infection, inflammation, toxins, hemor-

rhagic stroke, traumatic brain injury, or surgery 
[32, 43, 62]. Encephalomalacia is often  surrounded 
by an area of brain gliosis, which is the prolifera-
tion of glial cells in response to an injury.

All age categories may be involved, even for 
patients in utero (please refer to Multicystic 
Encephalomalacia in Sect. 9) [9, 78]. The major-
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ity of encephalomalacias are either asymptom-
atic, or manifest as motor or sensory deficits, or 
represent a focus of seizure.

On CT scan, areas of encephalomalacia are 
hypodense or somewhat higher than CSF. A key 

finding in encephalomalacia is adjacent sulcal or 
ventricular enlargement without mass effect 
(Figs. 16 and 17).

On MRI, the cavity is typically isointense to 
CSF on all sequences (because the cavity is filled 

a b

c

Fig. 16 Post-traumatic encephalomalacia (stars). Axial CT scan showing a right temporal acute extradural hematoma 
following a head injury (a). Post-operative CT scan 4 days (b) and 12 months later (c)
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Fig. 17 Preoperative axial T1-weighted image showing a 
meningioma of the right frontal convexity (a). 
Postopearative axial CT scan (b), on axial T1- (c) and on 
coronal T2-weighted images (d) revealing frontal area of 

encephalomalacia (resection cavity). Note enlargement of 
the right frontal ventricular horn (arrow) without mass 
effect

with CSF): T1 hypointense, T2 hyperintense, and 
FLAIR hypointense with brain parenchyma 
 volume loss (Figs.  17, 18, and 19) [32, 43]. 

However, encephalomalacia is very often associ-
ated with adjacent gliosis which is hyperintense 
on FLAIR images.
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Fig. 18 Post-traumatic encephalomalacia on the right frontal area (stars). Axial T1- (a) and T2-weighted MR images 
(b) and coronal FLAIR sequence (c)

a cb

Fig. 19 Post-traumatic encephalomalacia on the left temporal area (stars). Axial T1- (a) and T2-weighted MR images 
(b) and on FLAIR sequence (c)

11  Infectious Lesions

11.1  Subdural Empyemas

Intracranial subdural empyema is a pyogenic col-
lection that developed in the subdural space. ENT 
and oral cavity infections are the most common 
contiguous sources of subdural empyema. Other 
forms may be secondary to meningitis, cranial 
bone osteomyelitis, post-operative/traumatic 
infections, or hematogenous spreading from a dis-
tant cause of sepsis. More subdural empyemas are 
located over the convexity, in the parafalcine 
region or in the posterior fossa near the mastoids. 

The diagnosis should be considered in any patient 
who presents with fever, meningitis, or focal neu-
rological deficits with or without seizures. 
Inflammatory biomarkers and the white blood cell 
count may help in the diagnosis but they are not 
specific and changeable in their expression [1, 30].

On CT scan, subdural empyema usually is vis-
ible as an isodense or low-density crescentic sub-
dural lesion compared with adjacent brain edema 
[30]. The peripheral margins of the suppurative 
collections are better demonstrated after contrast 
medium injection (Fig.  20). Association with 
paranasal sinusitis or mastoiditis is not rare. On 
MRI, the majority of subdural empyemas seen on 
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Fig. 20 Case 1. Axial cranial enhanced CT scan showing 
multiple subdural empyemas in the right side (a–d). 
(Reproduced from Akhaddar A. (2017) Cranial Subdural 

Empyemas. In: Atlas of Infections in Neurosurgery and 
Spinal Surgery. Springer, Cham. https://doi.
org/10.1007/978- 3- 319- 60086- 4_6; with permission)

T1-weighted imaging are isointense due to their 
proteinaceous content, while the empyema 
appears isointense to low signal and high signal 
on T2-weighted images. After gadolinium injec-
tion, the contiguous dura matter appears mark-
edly enhanced. Also, there is restricted DWI 

(Fig. 21) and hypointensity on ADC images [1]. 
Different sources of infection can be seen in adja-
cent structures that support the diagnosis. In 
severe clinical presentations, extensive cerebral 
edema, encephalitis, brain abscess, thrombophle-
bitis, and venous infarction are encountered.
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Fig. 21 Case 1. Axial cranial diffusion-weighted MRI 
(a–d). Subdural empyemas have high signal indicating 
restricted diffusion (bright signal) (arrows). (Reproduced 
from Akhaddar A. (2017) Cranial Subdural Empyemas. 

In: Atlas of Infections in Neurosurgery and Spinal 
Surgery. Springer, Cham. https://doi.org/10.1007/978- 3- 
319- 60086- 4_6; with permission)
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11.2  Neurocysticercosis

The most common parasitic infection of the CNS 
is neurocysticercosis which is caused by the larva 
of the tapeworm Taenia solium. This infection 
represents the leading cause of epilepsy in devel-
oping countries. Two forms of cysts tend to 
develop in the brain: simple cysts (Cysticercus 
cellulosae) and multiples cysts (Cysticercus rac-
emosus). Both cystic forms may involve brain 
parenchyma and subarachnoid spaces as well as 
the intracerebral ventricles [44].

Most neurocysticercosis cysts are similar in 
appearance to an AC with a signal similar to that 
of the CSF on T1- and T2-weighted images, 
without restricted diffusion and without signifi-
cant enhancement by gadolinium [59]. It is well 
known that the individual scolex is difficult to 
detect on MR imaging. However, the cystic para-
sites are very likely to be multiloculated. In addi-
tion, there are other findings that suggest this 
parasitic lesion on brain imaging: medical history 

and byimmunology workup (enzyme-linked 
immunosorbent assay and electroimmuno- 
transfer blot assay) [54]. Conversely, these cystic 
lesions may be associated with cerebral calcifica-
tions that are best detected on CT scan.

11.3  Hydatid Cysts

Hydatidosis is the larval stage of the tapeworm 
Echinococcus granulosus. This parasitic disease 
often happens in the liver and lungs. Cerebral 
cysts are rare, seen in only 2% of cases, and are 
usually solitary, spherical, unilocular, subcorti-
cal, and supratentorial (Fig. 22). Other rare sites 
may be involved such as posterior fossa, sub-
arachnoid spaces, and ventricular system 
(Fig.  23). Presenting symptoms depends on the 
area involved and the cystic size. However, the 
most common signs and symptoms are those of 
intracranial hypertension, neurologic deficits, 
seizures, and mental changes [69, 81].

a b

Fig. 22 Brain hydatid cyst. Large well-defined uniloc-
ular cystic lesion in the left parieto-occipital region 
without marginal edema on axial (a) and sagittal (b) 
T1-weighted MRI, axial T2-weighted MRI (c), and cor-
onal FLAIR sequence (d). (Reproduced from Akhaddar 

A. (2017) Brain Hydatid Disease. In: Atlas of Infections 
in Neurosurgery and Spinal Surgery. Springer, Cham. 
https://doi.org/10.1007/978- 3- 319- 60086- 4_26; with 
permission)

Differential Diagnosis of Intracranial Arachnoid Cysts

https://doi.org/10.1007/978-3-319-60086-4_26


238

a b

Fig. 23 Intracranial hydatid cyst of the right cerebel-
lopontine angle with brainstem compression. Axial 
T1-weighted MRI (a), FLAIR sequence (b), 
T2-weighted MRI (c), and apparent diffusion coeffi-
cient map (d). (Reproduced from Akhaddar A. (2017) 

Brain Hydatid Disease. In: Atlas of Infections in 
Neurosurgery and Spinal Surgery. Springer, Cham. 
https://doi.org/10.1007/978- 3- 319- 60086- 4_26; with 
permission)
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Fig. 22 (continued)
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On CT scan or MR imaging examination, the 
hydatid lesions have a characteristic appearance: 
large, spherical, unilocular cystic masses that are 
well limited from the contiguous brain paren-
chyma. Typically, the cyst fluid is isodense with 
CSF on CT scans and isointense with CSF on 
MR imaging studies without surrounding edema 
or contrast enhancement (Fig.  22) [69, 81]. We 
have recently reported a rare case of unsuspected 
hydatid cyst in the cerebellopontine area [12]. 
Proton MR spectroscopy may be used to identify 
the metabolic contents of the cystic collection. 
Occasionally, some forms with internal septa-
tions suggest “daughter cysts” inside the unilocu-
lar mass. In infected forms, the cystic contents 
may be heterogeneous with ring enhancement. 

Calcifications of the cyst wall are rare and better 
identified on CT imaging.

12  Giant Intracranial 
Aneurysms

Although rare, some giant intracranial aneurysms 
may be confused with various intracranial cystic 
lesions including parasellar AC and hydatid cysts 
[21, 75]. The possibility of such aneurysms should 
always be considered in evaluating cyst- mimicking 
lesions, especially in the peri-sellar region, to 
avoid potentially disastrous consequences. 
Preoperative angiographic studies will rapidly 
help correct this differential diagnosis (Fig. 24).

Fig. 23 (continued)

c d
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Fig. 24 Giant intracranial carotid artery aneurysm on the left parasellar side. Axial CT scan (a), axial (b) and coronal 
(c) CT-angiography, and angio-MR image (d) showing the endoluminal circulating part of the aneurysm (arrows)
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13  Intraventricular Cysts

Intraventricular ACs are very rare. Other intra-
ventricular cystic lesions include colloid cysts, 
subependymal cysts, and choroid plexus cysts. A 
colloid cyst is most often located at the foramen 
of Monro and usually has a characteristically 
high CT attenuation.

13.1  Colloid Cysts

Colloid cysts are benign neuroepithelial lined 
cysts that commonly occur in the antero-superior 
part of the third ventricle, near the foramen of 
Monro. The cyst content is frequently composed 
of fragments of necrotic inflammatory cells with 
occasional lipid droplets (rich in proteins and 
cholesterol). Although usually asymptomatic due 
to their small size, these cysts can occasionally 
present with various neurological signs and 
symptoms if they rich a large size [20]. 
Classically, rapid neurological deterioration is 
related to the sudden development of obstructive 
hydrocephalus. On the CT scan, these cysts are 
usually hyperdense, but some of them may be 
iso- or hypodense compared to CSF attenuation. 
On MR imaging, colloid cysts are often hyperin-
tense on T1- and iso/hypointense on T2-weighted 
images (low signal intensity on T2 predicts a dif-
ficult surgical aspiration) (Fig. 25). Generally, the 
MR imaging appearance has a lack of specifici-

ties because some forms may be confused with 
intraventricular ACs. Interestingly, most colloid 
cysts show increased signal intensity on FLAIR 
sequences and demonstrate decreased signal 
intensity on diffusion-weighted sequences. 
Peripheral rim enhancement is unusual and calci-
fications are rare [20, 38].

13.2  Choroid Fissure Cysts

Choroid or choroidal fissure cysts (CFC) are 
benign congenital intracranial cysts occurring 
within the choroidal fissure just medial to the 
temporal horn of the lateral ventricle, between 
the fornix and thalamus. For many authors, CFC 
are not a true distinct neuropathological entity 
but are considered as a subtype of ACs [7, 24]. 
CFC are true CSF-containing cysts that can 
develop anywhere along the choroid fissure. 
These cysts are frequently small between 10 and 
20 mm in size. Most CFC are asymptomatic and 
discovered incidentally. However, a rare propor-
tion of them may cause seizures due to mass 
effect within the temporal lobe [6].

The CT scans and MR imaging characteristics 
are similar with respect to CSF density/signal 
without calcification, surrounding cerebral 
edema or contrast enhancement. The coronal 
images are superior to other imaging projections 
to demonstrate the relationship between the cys-
tic lesion and the choroid fissure [6, 24]. Typically, 

a cb

Fig. 25 Colloid cyst of the third ventricle (stars). Axial CT scan (a), axial FLAIR sequence (b), and (c) sagittal 
T1-weighted MR image
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the choroid plexus is medially displaced in the 
case of an “intraventricular” choroid plexus cyst 
and laterally displaced in the case of “arachnoid” 
choroid fissure cyst [7, 56].

13.3  Choroid Plexus Cysts

Choroid plexus cysts (CPC) are CSF fluid-filled 
collections found associated with the choroid 
plexus of the intracranial ventricular system. 
They are typically less than 10 mm in diameter 
and are commonly located within the body of 
choroid plexus cysts, especially in the atrium, 
but they can develop throughout the ventricular 
system. They are among the most common intra-
cranial cysts occurring at both ends of the age 
spectrum [56]. They can be congenital, diag-
nosed in the prenatal/neonatal period, or acquired 
(degenerative) seen at autopsy in the elderly. 
CPC are almost always asymptomatic and are 
found incidentally on neuroimaging studies. The 
majority of isolated congenital CPC have a 
benign course and regress during the third tri-
mester or shortly after birth. Rarely, CPC may be 
associated with other anomalies, particularly in 
trisomic patients [57]. Some rare symptomatic 
patients with very large cysts may require sur-
gery [41].

On imaging, differentiation between ACs and 
CPC is difficult. The lesions are isodense and 
isointense with CSF on CT scan and MR imag-

ing, respectively, with no contrast enhancement 
[41]. As cited previously, ventricular CPC dis-
place the choroid plexus medially.

13.4  Ventricular Diverticula

Ventricular diverticula are rare cystic subpial 
collections of CSF resulting from rupture of the 
ependymal wall of the intracranial ventricular 
system in cases of severe long standing obstruc-
tive hydrocephalus. These cystic herniations can 
occur at any point in the four cavities of the ven-
tricular system; however, most cases originate 
from the atrium or the posterior wall of the third 
ventricle [3, 40]. Because of their rarity, ventric-
ular diverticula could be overlooked or misdiag-
nosed as another cystic lesion such as an 
AC.  Both types of cystic lesions have similar 
attenuation and MR imaging signal appearance. 
Typically, there is an obvious communication 
between the diverticulum and the ventricular 
system on MRI (Fig. 26). Nevertheless, in some 
complex or ambiguous forms, post-contrast ven-
triculography may be useful for diagnostic con-
firmation as suggested by Jabaudon et  al. [40]. 
Surgical management of the obstructive hydro-
cephalus might be helpful in reducing the ven-
tricular dilatation and improving the clinical 
symptoms (Fig.  26) [3]. A direct surgical 
approach to the diverticulum itself is therefore 
generally of no benefit.

A. Akhaddar



243

a b

c

Fig. 26 Ventricular diverticulum of the posterior wall of 
the third ventricle (star). Preoperative axial T1-weighted 
MR images (a, b) showing the communication between 
the diverticulum and the third ventricle (arrow). Post- 

operative axial T1-weighted MR image revealing com-
plete resolution of the diverticulum following surgical 
management of the obstructive hydrocephalus (c)
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14  Pineal Cysts

Pineal cysts are common on routine imaging and 
correspond to a benign non-neoplastic cystic 
lesion. Typically, they manifest as an unilocular 
cyst within the pineal gland with an MRI signal 
similar to that of the CSF. The majority of pineal 
cysts are asymptomatic and smaller than 10 mm 
[74]. Generally, only large pineal cysts (larger 
than 15  mm in size) may be symptomatic and 
cause hydrocephalus, secondary to compression 
of the aqueduct of Sylvius, or Parinaud syn-
drome, due to brainstem compression [52]. 
However, even larger pineal cysts can be asymp-
tomatic and require no neurosurgical intervention 
[22, 52]. Some authors suggest follow-up based 
only on clinical indications.

In most cases, pineal cysts present with ring 
contrast enhancement of the pineal parenchyma, 
and some contain calcifications. However, cysts 
involving the pineal region may mimic tumors 
rather than ACs [22].

15  Cystic Suprasellar Lesions

15.1  Dilated Third Ventricle

An enlarged third ventricle secondary to obstruc-
tive hydrocephalus (especially due to congenital 
aqueductal stenosis between the third and the 
fourth ventricles) may be misdiagnosed as a 
suprasellar AC. In patients where the obstruction 
is partial, there may be no symptoms despite 
 considerable ventricular dilatation. However, the 
majority of patients with complete aqueductal 
obstruction present symptoms of increased intra-
cranial pressure such as headaches, nausea, and/
or vomiting. Then, fundus examination reveals 
papilledema (swelling of the optic disk due to 
increased intracranial pressure).

On neuroimaging, differentiation between 
suprasellar ACs and a dilated third ventricle may 
be difficult (Fig. 27). Nevertheless, some distinct 
features can be definitive. For SAC, the optic chi-
asm is vertically displaced, the mammillary bod-

a b

Fig. 27 Axial CT scan (a) and sagittal T1-weighted MR 
image (b) showing a hydrocephalus with a dilated third 
ventricle (arrows) which it was difficult to differentiate 

from a suprasellar AC. There is also a retrocerebellar AC 
(stars) in this patient
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ies are displaced upwards, and the middle portion 
of the brainstem is bowed forward. In compari-
son, the mammillary bodies and the floor of the 
third ventricle are somewhat displaced down in 
patients with an enlarged third ventricle [35, 80].

15.2  Rathke’s Cleft Cysts

Rathke’s cleft cysts (RCC) are congenital collec-
tions arising from the embryological remnants of 
Rathke’s pouch. RCC are primarily intrasellar 
and develop between the anterior and intermedi-
ate lobes of the pituitary gland, but can also be 
found in the suprasellar region [10]. The majority 
of RCC do not exceed 1 or 2 cm in diameter, they 
are lined by a single layer of cuboidal epithelium, 
and the cyst collection is mainly mucoid mate-
rial. Although most cases are asymptomatic, 
some patients can present with neurological signs 
and symptoms due to compression of the optic 
chiasm, pituitary gland, or hypothalamic system. 
Classically, there is a female predominance [8].

On MR imaging, the intensity of the signal is 
variable, depending on cyst content, but without 
calcification or gadolinium enhancement. Some 
cases may be associated with a small non- 
enhancing intracystic nodule. The most sugges-
tive appearance for the diagnosis of RCC is as the 
following: cystic collection with low to iso signal 
intensity on T1-weighted and with iso to high 
signal intensity on T2-weighted MR images. 
Nevertheless, the intracystic nodule presents high 
signal intensity on T1-weighted and low signal 
intensity on T2-weighted MR images [8, 10]. In 
addition to AC, diagnosis of RCC is often dis-
cussed with that of craniopharyngiomas.

15.3  Craniopharyngiomas

Craniopharyngiomas are benign epithelial neo-
plasms that typically extend above the pituitary 
gland into the suprasellar area. They are encoun-
tered in both children and adults. Children with 

craniopharyngiomas usually present with hydro-
cephalus, growth retardation, and obesity, while 
adults present with visual symptoms. 
Adamantinomatous and papillary are two 
 well- known distinct histological subtypes of cra-
niopharyngioma. These tumors are predomi-
nately solid but almost always have a cystic 
component, especially with the adamantinoma-
tous subtype. Classically, the lesion has calcified 
areas and the solid parts enhance on neuroimag-
ing. Associated calcifications are best detected by 
CT scan, which is key evidence for their diagno-
sis. Craniopharyngiomas have a predisposition to 
being large, extending superiorly into the third 
ventricle, encompassing blood vessels, and even 
adhering to adjacent neurologic structures [70]. 
Cystic component may be unilocular or multi-
locular with iso to high signal intensity on 
T1-weighted images (highlighting the impor-
tance of their protein content) and with variable 
signal intensity on T2-weighted MR images 
(Figs.  28, 29, 30, and 31). However, most ada-
mantinomatous cysts are totally or partly hyper-
intense on T2-weighted images [56].

One of the main differential diagnoses for cra-
niopharyngioma is pituitary macroadenoma with 
cystic degeneration or necrosis. However, a pitu-
itary adenoma habitually has an intrasellar epicen-
ter with pituitary fossa enlargement rather than the 
suprasellar extension or epicenter. Even with the 
irregular presence of T1 hyperintense cystic areas 
on MR imaging which is the case for most adaman-
tinomatous craniopharyngiomas, calcifications are 
rare, compared with most adamantinomatous cra-
niopharyngiomas which are calcified.

More rarely, other types of cystic lesions may 
also occur in parasellar and suprasellar regions. 
These lesion types may be misdiagnosed as ACs 
such as epidermoid/dermoid cysts, giant saccular 
aneurysm, neurocysticercosis [54], and pilocytic 
astrocytoma, which have already been discussed. 
Also, true intrasellar ACs without suprasellar 
extension are an unusual condition that is 
 sometimes confused or associated with cases of 
empty sella syndrome (Fig. 32) [37].

Differential Diagnosis of Intracranial Arachnoid Cysts
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Fig. 28 Case 2. Intra- and suprasellar cystic craniopharyngioma (stars). Axial (a), coronal (b), and sagittal (c) post- 
contrast CT scan
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Fig. 29 Case 2. Intra- and suprasellar cystic craniopharyngioma (stars). Axial T1- (a) and sagittal T2-weighted MR 
images (b). Axial FLAIR sequence (c) and 3D-CISS MR image (d)
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Fig. 30 Giant cystic craniopharyngioma of the diencephalon. Sagittal T1- (a) and axial (b) and coronal (c) T2-weighted 
MR images. Note the enhancing solid part (arrow) on post-gadolinium sagittal T1-weighted MR image (d)
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Fig. 31 Cystic craniopharyngioma (stars) with suprasellar, subfrontal, and midbrain involvement. Axial T1-weighted 
MR image (a) and axial FLAIR sequence (b). Sagittal (c) and coronal (d) T2-weighted MR images
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Fig. 32 Empty sella turcica. Sagittal (a) and coronal (b) 
T1-weighted MR images and coronal T2-weighted MR 
image (c). The optic chiasm (arrowheads) is pulled down 

into the empty and enlarged sella turcica. Note that the 
infundibulum (arrow) can be seen to traverse the intrasel-
lar CSF space, in that way excluding a cystic mass

16  Common Anatomical 
Variants

Various normal intracranial structures can mimic 
cystic lesions on both CT scan and MR imaging. 
Among them, mega cistern magna, tumefactive 
perivascular spaces, and cavum septum pellu-
cidum may be misdiagnosed as true ACs and 
 constitute a diagnostic challenge for both neuro-
surgeons and radiologists.

16.1  Mega Cisterna Magna

A large cisterna magna is a normal variant charac-
terized by a truly focal enlargement of the CSF-
filled subarachnoid space in the postero- inferior 
part of the posterior cranial fossa. When the cis-
terna magna measures more than 10 mm on the 
midsagittal images, it may be confused with the 
presence of a retrocerebellar AC [15]. Absence of 
mass effect on the cerebellum, a normal morpho-
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Fig. 33 Mega cisterna magna appearance on axial CT scan (a, b)

logical appearance of the vermis and fourth ven-
tricle as well as free communication with the 
contiguous subarachnoid space suggest the diag-
nosis of a mega cisterna magna rather than AC 
(Figs.  33 and 34). Sometimes a mega cisterna 
magna can be asymmetric with apparent mass 
effect, mimicking an AC.  When this happens, 
some authors suggest performing CT 
 cisternography (lumbar intrathecal injection of 
contrast material followed by an immediate CT 
scan with the patient positioned on his back) 
which reveals communication of the enlarged cis-
tern with the adjacent subarachnoid space [45].

16.2  Tumefactive Perivascular 
Spaces

Perivascular spaces also recognized as “Virchow- 
Robin spaces” are anatomic structures lined by 
pia mater, which encircles the penetrating arteri-
oles on their way from the subarachnoid space 

into inside the brain parenchyma for variable dis-
tances [46]. Sometimes, these perivascular spaces 
can be enlarged and are also called “tumefactive,” 
which can cause relative mass effect on the sur-
rounding brain structures [67]. Enlarged perivas-
cular spaces have been described in many 
encephalic areas and at a variety of anatomical 
levels that include the thalamus, basal ganglia, 
subcortical white matter, midbrain, and the ante-
rior temporal lobe, rarely involving the posterior 
fossa [68].

The cystic appearance may be regular or vari-
able in size with CSF signal intensity on all MR 
imaging pulse sequences. The orientation of the 
tumefactive perivascular spaces may follow a 
radial pattern that is oriented in the direction of 
the perforating arterioles, particularly on frontal 
images. Some cases may be associated with sur-
rounding white matter gliosis that appears as 
slightly increased signal intensity on T2 or 
FLAIR sequences; however, no gadolinium 
enhancement can be identified [46, 68].
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Fig. 34 Mega cisterna magna appearance on MR imaging (stars). Sagittal T1- (a) and T2-weighted MR images (b) and 
axial T1-weighted MR image (c) and on FLAIR sequence (d)

16.3  Cavum Septum Pellucidum

The septum pellucidum which means transpar-
ent fence in Latin is a thin triangular double ver-
tical membrane separating the two frontal horns 
of the lateral ventricles. This structure extends 
between the anterior segment of the corpus cal-
losum and the body of the fornix [14, 77]. A cav-
ity (cavum in Latin) is present between the 
leaflets of the septum pellucidum in the normal 

fetus, but this space fuses together by the first 
year of age. However, a cavum septum pellu-
cidum persists in about 10% of the adult popula-
tion (Fig.  35), commonly representing an 
asymptomatic normal anatomical variation [73, 
77]. In the past, it has also been called the fifth 
ventricle, but this term has fallen out of favor 
because of the lack of any direct communication 
between the cavum and the ventricular system 
[73, 77]. Sometimes, cavum septum pellucidum 
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may communicate with a more posterior cavity 
named “cavum Vergae” [14, 73, 76, 77]. For 
some authors, association of a cavum septum 
pellucidum with a cavum vergae is referred to as 
cavum septum pellucidum and Vergae [14] 
(Fig.  36). Tsutsumi et  al. proposed using the 
constructive interference in steady state (CISS) 
sequences when managing lesions that involve 
these cavities [76].

Fig. 35 Cavum of the septum pellucidum (arrows) on 
axial T2-weighted MR image

a b

Fig. 36 Cavum septum pellucidum and Vergae (stars) on axial T1-weighted MR image (a), FLAIR sequence (b), and 
DWI sequence (c). Coronal T2-weighted MR image (d)
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17  Meningoceles 
and Pseudomeningoceles

Pseudomeningocele is an abnormal collection of 
CSF that communicate with the subarachnoid 
space surrounding the brain in the skull base or 
cranial convexity. They are mainly seen as a result 
of a traumatic injury or a surgical procedure. The 
CSF collection has no surrounding membrane, 
but it is contained in a cavity within the soft tis-
sues [32, 56, 62]. In contrast, for a “real meningo-
cele,” the CSF is contained within an extension of 
the meningeal layers. Meningoceles are typically 
classified as “congenital.” They result from her-
niation of the meninges through a defect in the 
cranium usually involving the soft tissues under 
the scalp or skin surface [11, 15, 45]. In the oppo-
site, the majority of cranial pseudomeningoceles 
are “iatrogenic” and mainly occur in the posterior 
fossa following cranial surgery (Fig. 37).

Pseudomeningoceles are frequently asymp-
tomatic, but some patients may present recur-

rent headache, motor weakness, cranial nerve 
abnormality, seizure, subcutaneous swelling, or 
symptoms of intracranial hypotension. CSF 
leakage from the wound may be the cause of 
severe subarachnoid and CNS infections 
(Fig.  37). On CT scan, pseudomeningocele 
appears as a low- density collection that extends 
to the dura with no or minimal peripheral con-
trast enhancement. Both on MRI and CT scan, 
the cyst content has similar features to CSF. MRI 
remains the neurodiagnostic procedure of 
choice. Suspected fluid can be examined for 
detecting Beta2 transferrin which is a sensitive 
and specific method for the diagnosis of a CSF 
leak. Unlike the majority of intracranial ACs, 
pseudomeningoceles are extradural and the 
diagnosis will be highly evocative when there is 
a previous history of cranial surgery or trau-
matic injury. Also, congenital meningoceles are 
defects of the neural tube, mostly associated in 
neuroimaging with an anterior or posterior bone 
defect in the cranium [11, 15, 56].

dc

Fig. 36 (continued)
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Fig. 37 Axial cranial CT scan without (a) and with 
contrast administration (b, c) showing a large right sub- 
occipital pseudomeningocele (star) in a patient operated 
on 3  weeks ago for a giant vestibular schwannoma of 
the cerebellopontine angle. This patient has also a bac-
terial meningitis. Note the peripheral enhancement of 

the pseudomeningocele (b) and the concomitant hydro-
cephalus (c). (Reproduced from Akhaddar A. (2017) 
Surgical Site Infections in Cranial Surgery. In: Atlas of 
Infections in Neurosurgery and Spinal Surgery. 
Springer, Cham. https://doi.org/10.1007/978- 3- 319- 
60086- 4_21; with permission)
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18  Conclusion

Although intracranial ACs have been recog-
nized as rare entities for a long time, these cysts 
are more and more often encountered on routine 
neuroimaging studies currently. In asymptom-
atic and symptomatic cases, the practitioner 
should consider other intracranial cystic lesions 
or normal anatomic variants that can sometimes 
be confused with an “authentic” AC. In the case 
of diagnostic doubt or atypical neuroimaging 
features, additional and/or better magnetic reso-
nance imaging should be requested whenever 
possible such as CT or MRI cisternography, 
FLAIR sequences, DWI, and phase-contrast 
MRI. This additional information may demon-
strate the exact topography of the cysts and their 
internal structures, defining the precise margins 
of the fluid collections, and determining their 
relationship with adjacent anatomic formations 
as well as any communication between cyst and 
adjacent subarachnoid spaces. Such informa-
tion, the clinical presentation and sometimes 
biological data, will be crucial to enhance the 
ability to discuss the best therapeutic option for 
each case.
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Differential Diagnosis 
of Intraspinal Arachnoid Cysts

Ali Akhaddar 

1  Introduction

The incidence of spinal arachnoid cysts (ACs) is 
much lower than that of cranial ACs probably 
because of the lack of intraspinal arachnoid cis-
terns which could represent the site of their 
development.

Intraspinal ACs are an unusual heterogeneous 
pathologic lesion that is more complex than was 
previously thought. These cystic lesions may pres-
ent with variable clinical signs and symptoms as 
well as neuroimaging features which depend above 
all on the anatomic locations, cyst dimensions, eti-
ological forms, and the patient’s age. Some of them 
are asymptomatic and are considered incidental on 
imaging, while others present simply with rachial-
gia or even complete paraplegia/quadriplegia. 
Spinal ACs can manifest with atypical clinical 
findings such as radicular pain, isolated gait diffi-
culty, isolated urinary urgency, non-cardiac chest 
pain or even abdominal pain, or recurrent neuro-
logical symptoms mimicking multiple sclerosis [1, 
34, 47]. Some other cases with chronic spinal cord 
compression may be associated with muscle 
changes mimicking a primary myopathy [61].

Intraspinal ACs may be confused with many 
spinal and intraspinal cysts that differ by their 
origins and locations. Magnetic resonance (MR) 

with sensitivity imaging represents the gold stan-
dard for differentiating between the majority of 
these cystic entities essentially because of their 
diverse contents. Both neurosurgeons/spinal sur-
geons and radiologists must be prepared to rec-
ognize all possible considerations on preoperative 
images, during the therapeutic planning process 
and even throughout the patient’s care. 
Consequently, a high index of suspicion needs to 
be kept in mind to achieve an appropriate analy-
sis of intraspinal ACs and to define the list of pos-
sible intraspinal cyst-mimicking lesions.

A summary of the most common imaging dif-
ferential diagnoses of spinal ACs is provided in 
this chapter according to the anatomic locations 
and origins of the cysts. Moreover, chapter 
“Differential Diagnosis of Intracranial Arachnoid 
Cysts” provides a review of the main differential 
diagnosis of intracranial ACs.

2  Hydro-Syringomyelia

The use of the general term “hydro- syringomyelia” 
or “syrinx” has been proposed because of diffi-
culty in distinguishing between “syringomyelia” 
and “hydromyelia” in current neuroimaging stud-
ies. Hydromyelia refers to a cystic collection or 
dilatation of the central spinal canal, for that rea-
son the ependyma line the cavity wall. Whereas 
syringomyelia refers to a cystic cavitation within 
spinal cord parenchyma that can be primary or 
secondary to any etiology, situated adjacent to the 
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central ependymal canal, such that this cyst is not 
lined by ependymal cells [55]. The majority of 
hydro-syringomyelia is located in the cervicotho-
racic cord, especially between the C2 and T9 ver-
tebral levels; however, the cystic cavitation can 
span the entire length of the spinal cord. Typically, 
syrinx fluid has the same characteristics as CSF 
which explains why hydro-syringomyelia may be 
confused with a true intramedullary spinal AC.

Patients with hydro-syringomyelia present 
with a wide variety of neurological symptoms 
depending on the size, level, and chronicity of the 
syrinx, but classically, there is a mix of motor and 
sensory features, with both acute and chronic 
findings. Most patients present with cervico- 
occipital pain, a suspended “cape” dissociated 
sensory loss, and lower motor neuron weakness 
of the hand and arm. This motor and sensory 
damage can eventually cause atrophy and severe 
hand deformities.

On neuroimaging, the syrinx has the same 
radiographic characteristics on all imaging 
modalities as an intramedullary AC (Fig.  1). 
However, on T2-weighted MR imaging, the 

hydro-syringomyelia may be hypointense areas 
representing a flow artifact. Recent advances in 
dynamic MRI sequencing propose more accu-
rate techniques for detecting intradural spinal 
ACs and differentiating it from hydro-syringo-
myelia. Recently, cine-mode balanced steady-
state free precession MR imaging emerges as a 
new useful technique to differentiate intradural 
spinal cystic lesions, especially those containing 
CSF [30, 81].

In any case, when a significant intramedullary 
cyst is identified, it is important to screen for 
other potential neurologic congenital malforma-
tions, particularly craniocervical junction abnor-
malities (e.g. Chiari malformations).

Interestingly, some syringomyelia may be 
associated with intradural spinal ACs probably 
due to alterations in normal CSF circulation [32, 
76]. Recognition of this association can be chal-
lenging on MRI because these ACs can be 
fenestrated or webbed. Careful assessment of 
the MRI can reveal subtle indentation of the spi-
nal cord at the superior or inferior extent of the 
syrinx cavity [76].

a b
Fig. 1 Sagittal (a) and 
axial (b) T2-weighted 
MR images showing an 
extensive intramedullary 
syrinx from C2 to T5 
vertebral level (stars). 
This hydro- 
syringomyelia is 
associated with type I 
Chiari malformation
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3  Spinal Hygromas

A spinal hygroma refers to the accumulation of 
CSF in the subdural space along the spine [50]. 
Some spinal hygromas can be extradural, but this 
is a very rare condition [66]. Classically, spinal 
subdural hygromas appear after trauma [25, 67]. 
However, other underlying causes may exist such 
as iatrogenic interventions (including spinal sur-
gery), spontaneous intracranial hypotension, and 
possibly, following meningeal inflammation 
[75]. Spinal hygromas are  encountered in all age 
groups from children to aging adults.

Intraspinal hygroma differs from intraspinal 
ACs in many aspects such as the content of sub-
dural fluid collection, neuroimaging appearance, 
and clinical manifestations. The vast majority of 
patients are asymptomatic. However, some symp-
toms that are unusually reported consist of back 
pain, postural headaches, nausea/vomiting, 
blurred vision, vestibulocochlear manifestations, 
symptoms of spinal cord or cauda equina com-
pression as well as symptoms associated with the 
underlying etiology. On neuroimaging, most spi-
nal hygromas have a crescent or spindle-shaped 
appearance and can typically cover several spinal 
levels, from the cervical spine to the lumbosacral 
region. On CT scan without intrathecal contrast 
injection, it is not possible to differentiate 
hygroma from ACs. However, both MR with 
T2-weignted imaging and CT-myelography are 
good initial choices for diagnosis and can further 
detect the CSF leak site [75]. Also, some authors 
have reported the usefulness of MR myelography 
with intrathecal gadolinium or radionuclide cis-
ternography [44]. In the axial plane, intraspinal 
hygromas can have a tent shape due to the menin-
govertebral ligaments around the spinal cord. 
Subdural hygromas can also have a tri-radiate 
pattern called an “inverted Mercedes Benz sign” 
in the lumbar area due to the position of the spi-
nal nerve roots. In contrast, spinal ACs have a 
well-defined scalloped or round margin and do 
not often extend over several spinal levels. Some 
large spinal hygromas can show MRI features of 
craniospinal hypotension such as engorgement of 
the venous sinuses, enhancement of the pachy-

meninges, pituitary hyperemia, and a decreased 
pontomesencephalic angle [16, 44, 83].

Signal contents are similar to those of CSF on 
MRI. However, in some atypical cases, there is a 
heterogeneous signal on MR imaging especially 
hyperintensity on the fluid attenuated inversion 
recovery sequence related to a mixture of CSF 
and blood.

4  Spinal Subdural Hematomas

A spinal subdural hematoma (SDH) is a collec-
tion of blood in the intraspinal subdural space 
which is the potential space between the arach-
noid mater and the dura mater of the meninges 
that envelop the spinal cord and the cauda equina. 
There are several different conditions or etiolo-
gies that can cause spinal SDH, including bleed-
ing disorders, hematologic disease, 
anticoagulation therapy, traumatic injury, iatro-
genic injury, intraspinal vascular malformations, 
and intraspinal tumors [53]. Sometimes, the exact 
cause of the bleeding is not known and the intra-
spinal SDH is then considered “idiopathic” [41].

The incidence of intraspinal SDH is much 
lower than that of the cranial subdural hema-
toma because the intraspinal subdural space 
lacks the same number of blood vessels or 
bridging veins which could be a cause of subdu-
ral bleeding [33, 53]. Also, subdural hematomas 
are among the most unusual types of intraspinal 
hematomas [33, 40].

Clinical signs and symptoms of spinal SDH 
are diverse and vary depending on the size, level, 
and cause of the hematomas. Except for post- 
traumatic forms, the majority of cases will pres-
ent with back pain and varying degrees of spinal 
cord compression or cauda equina syndrome. 
Often, the diagnosis may be unpredictable prior 
to an imaging study.

Often a long standing unrecognized pathol-
ogy, spinal SDH has greatly benefited from the 
contribution of magnetic resonance (MR) imag-
ing that is now the imaging modality of choice 
for obtaining a diagnosis [60]. MR imaging can 
demonstrate both the subdural hematoma, its 
location and may reveal the underlying tumoral 
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or vascular etiology. The hematoma itself has a 
variable T1 and T2 signal depending on the chro-
nicity of the bleeding. The axial view is particu-
larly important for differentiating between 
subdural and epidural hematomas. Spinal epi-
dural hematoma has a convex lens-like shape and 
is typically located dorsal to the spinal cord, 
while a subdural hematoma is usually found ven-
tral and lateral to and around the spinal cord with 
a semi-circular “cap sign” pattern, or in a 
 tri- radiate pattern called “inverted Mercedes 
Benz sign” in the lumbar area [40, 45]. It is pri-
marily chronic forms of spinal SDH that may be 
confused with an intraspinal AraC when the col-
lection demonstrates CSF signal intensity on all 
MR imaging pulse sequences. However, spinal 
SDH is usually crescentic, not round or scal-
loped, and the signal appearance is never exactly 
identical. Subdural hematomas show evidence of 
prior hemorrhage, especially on T2* and fluid 
attenuated inversion recovery (FLAIR) 
sequences, and can have enhancing membranes 
following gadolinium injection [41, 45, 60].

5  Cystic Tumors

Some spinal extradural cystic tumors on CT scan 
may be confused with other cystic lesions such as 
spinal ACs. However, the development of 
advanced MR imaging techniques, especially 
using multiple sequences and gadolinium admin-
istration, facilitates the differentiation between 
both lesions. Careful inspection of solid/cystic 
components within the suspected lesion, exami-
nation of its relationship to surrounding struc-
tures, evaluation of the enhancement pattern after 
gadolinium injection, will help in avoiding this 
confusion. Indeed, the majority of these tumors 
arise in the vertebrae with limited epidural exten-
sion as seen with aneurysmal bone cysts, giant 
cell tumors, and lymphangiomas [19, 26, 35, 87]. 

Intraspinal ACs do not cause bone damage 
although occasionally large epidural ACs will 
cause only moderate bony indentation without 
real spinal osteolysis.

Most intradural-extramedullary spinal tumors 
are meningiomas and schwannomas, and both 
may be associated with a cystic component [78, 
85]. An intratumoral cyst may be secondary to a 
degenerative process, ischemic necrosis, bleed-
ing, and/or tumor cell secretion [28, 57, 80]. 
Tumor cyst fluid has generally a high level of 
protein in its composition. In addition, some 
tumor associated cysts represent a trapped 
encysted accumulation of CSF contiguous with 
large intradural-extramedullary tumors. When a 
neoplasm develops within the subarachnoid 
space, it traps the CSF between itself and the 
adjacent spinal cord parenchyma.

The majority of these cystic tumors are easy to 
differentiate from intraspinal ACs due to their 
solid parts. In addition, post-gadolinium injection 
images can differentiate between similar lesions 
where an enhancing component is typical in 
fleshy tumors but is not present in intradural ACs 
[65]. It is important to remember that some 
schwannomas are intra/extradural and even intra/
extraspinal dumbbell-shaped tumors [20]. Pure 
cystic tumors that developed entirely within the 
subarachnoid space are rare [3, 37].

Although intramedullary ACs are rare, various 
spinal cord tumors such as astrocytoma, ependy-
moma (Fig.  2), hemangioblastoma, and even 
ganglioglioma can show both solid and cystic 
areas mimicking a “true” spinal cord AC espe-
cially when the cystic collection is predominant. 
Cyst fluids that will eventually coalesce have a 
different consistency than CSF. Nevertheless, the 
majority of these tumors have adjacent edema. 
Additionally, these cystic tumors will demon-
strate enhancement of the solid component after 
gadolinium administration on MR imaging [41, 
62, 72, 82].
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a b c

Fig. 2 Sagittal T1- (a) and sagittal (b) and axial (c) T2-weighted MR images revealing a cervical C4–C7 spinal cord 
ependymoma with both solid and cystic (stars) areas

6  Non-Neoplastic Cysts

Non-neoplastic cysts are relatively unusual 
lesions, rarely seen in the spinal canal. These cys-
tic lesions encompass a wide variety of diseases 
usually congenital in nature. They include ACs, 
dermoid cysts and epidermoid cysts, enteroge-
nous cysts, teratomatous cysts (cystic teratomas) 
(Fig. 3), neurenteric cysts, ependymal cysts, and 
bronchogenic cysts [54]. All these non-neoplastic 
cysts may mimic other intraspinal cystic lesions 
of various etiologies. Although MRI is consid-
ered the diagnostic procedure of choice, some 
non-epithelial cysts have been reported to be con-
fused with intraspinal ACs due to their similar 
shape, topographic location, and even the signal 
intensity of the cyst contents. Therefore, the 
definitive diagnosis is obtained only through his-
topathological evaluation.

6.1  Epidermoid and Dermoid 
Cysts

Epidermoid and dermoid cysts are congenital 
lesions that occur due to the inclusion of ectoder-
mal elements during neural tube closure. The two 
cyst types are often grouped together, but epider-
moid cysts are lined only with stratified squa-
mous epithelium, whereas dermoid cysts contain 
additional skin appendages, such as hair, seba-
ceous glands, and sweat glands. Both epidermoid 
and dermoid cysts have been confused pathologi-
cally for many years [54].

Most spinal epidermoid and dermoid cysts are 
thought to be congenital in origin but acquired 
cases have also been reported as a result of intra-
spinal lumbar needle puncture or following sur-
gery due to epidermal cell implantation into the 
spinal canal [79]. These cysts usually develop in 
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a b
Fig. 3 Sagittal 
T1- following 
gadolinium injection (a) 
and T2-weighted (b) 
MR images showing a 
cystic teratoma of the 
conus medullaris

the subarachnoid space of the lumbosacral area 
and are less often located in the cervical/thoracic 
spinal column or within the spinal cord [5]. 
Epidermoid cysts have a strong association with 
concomitant spinal dysraphism and a dermal 
sinus tract [63]. Because of the slow-growing 
nature of these cysts, presentation in the adult is 
most common. Usually patients will present with 
nonspecific clinical symptoms similar to those of 
any other intradural spinal lesion. Uncommonly, 
there are clinical symptoms suggesting aseptic 
chemical meningitis caused by cyst rupture 
within the subarachnoid space [79].

Both epidermoid cysts and spinal ACs may 
have similar characteristics on T1/T2-weighted 
images and neither demonstrates gadolinium 
enhancement. However, the two cystic lesions 
present with differences visible on diffusion- 
weighted imaging (DWI): epidermoid cysts typi-
cally have an elevated signal on DWI due to the 
presence of fat and epithelial keratin inside the 
cyst, whereas ACs have unrestricted diffusion 
and a low signal in imaging [77].

Conversely, it is difficult to differentiate 
between epidermoid and dermoid cysts on 
MRI.  Dermoid cysts are usually well-defined 
lobulated masses that have low attenuation from 
fat density due to sebum on CT scan and high 
signal intensity on T1-weighted MR images. In 
contrast, dermoids can be differentiated on MR 
imaging by signal intensities that follow that of 
fat not CSF [5, 54]. Lastly, it is useful to add that 
some epidermoid and dermoid cysts can demon-
strate calcifications within the cysts on CT scan 
and enhancement may be seen around the cystic 
margin of some unusual forms of dermoid and 
epidermoid cysts.

6.2  Neurenteric Cysts

Neurenteric cysts which are also known as enter-
ogenous cysts are rare, benign, congenital, endo-
dermal lesions, resulting from incomplete 
resorption of the neurenteric canal between the 
notochord and the foregut. The cyst content is 
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generally mucoid in nature, with a variable pro-
tein composition [18]. These extra-axial cystic 
lesions are more commonly seen in the spine 
than in the brain. They develop anterior to the 
neural axis and are frequently associated with 
vertebral body malformations and occasionally 
with a visible connection between the subarach-
noid space and the enteric tract. Patients with 
neurenteric cysts are usually young adults. They 
may present with clinical signs and symptoms 
related to spinal cord compression. Other clini-
cal manifestations include atypical respiratory 
symptoms, thoracic and/or abdominal pain, and 
meningitis [14].

On CT scan, neurenteric cysts are a mixture of 
isodense, hypodense, and hyperdense areas that 
sometimes have a widened spinal canal and con-
genital vertebral abnormalities. On the CT 
myelogram, the cysts are often intradural, extra-
medullary, and multilobulated. They can be simi-
lar to intraspinal ACs although most of them are 
iso- or slightly hyperintense compared to CSF on 
T1-weighted and typically hyperintense on 
T2-weighted MR imaging sequences. In truth, 
the image appearances may vary depending on 
the protein content [14, 18]. Peripheral rim 
enhancement is rare following contrast injection.

6.3  Ependymal Cysts

Intraspinal ependymal cysts, also known as neu-
roepithelial cysts, are rare benign congenital 
cysts lined by cuboidal ependymal cells that pro-
duce a clear serous liquid. Cyst expansion may be 
secondary to active fluid secretion [46]. They 
occur less frequently than ACs. The cysts are 
most commonly located within the spinal cord, 
anterior to the cervical cord or in the conus 
medullaris region, especially in the pediatric pop-
ulation. Associated spinal malformations are 
unusual. Ependymal cysts may be seen in all age 
groups. Usually, patients present with nonspe-
cific clinical symptoms similar to those of any 
other intradural spinal lesion. However, pain is 
the most frequent symptom [71]. Symptomatic 
cases are usually correlated with large sizes.

On imaging, the margins of the cysts are 
smooth, well-defined, and distinct from the spi-
nal cord parenchyma. Ependymal cysts are diffi-
cult to differentiate from spinal ACs. However, 
ACs are rarely seen intramedullary. Neuroepithe-
lial cysts are isodense and isointense with CSF on 
CT scan and MR imaging respectively, without 
peripheral wall enhancement [46, 54, 71]. Some-
times, the cyst content may be hyperintense to 
CSF on T1-weighted MRI if there is a high pro-
tein concentration.

6.4  Bronchogenic Cysts

Spinal bronchogenic cysts (SBCs) are rare con-
genital lesions derived from the endodermal tract. 
They are considered the second most common 
foregut duplication cysts following neurenteric 
cysts [28]. Bronchogenic cysts are rarely seen 
within the spinal canal. They can occur anywhere 
in the spinal canal, but they are most often found 
in the cervical segment. The majority of cysts are 
intradural and extramedullary [49, 84]. They may 
enlarge slowly and cause an indolent course of 
spinal cord compression. Radiographs show 
imaging characteristics similar to CSF on all 
MRI sequences without contrast enhancement. 
Sometimes, the liquid content may have varying 
signal intensity on MR images due to the mixture 
of protein, water, and mucus. Spinal broncho-
genic cysts are rarely diagnosed prior to surgery 
and the final diagnosis depends on the anatomo-
pathological examination [49, 84].

7  Ventriculus Terminalis

The ventriculus terminalis (also known as persis-
tent terminal ventricle, or fifth ventricle) is an 
ependymal lined cavity within the conus medul-
laris [42]. This entity differs from a “filar cyst” 
which is a rare small cyst located within the filum 
terminalis [21]. The ventriculus terminalis is in 
continuity with the central ependymal canal of 
the spinal cord and usually regresses during the 
first weeks after birth. This rare cystic anatomic 

Differential Diagnosis of Intraspinal Arachnoid Cysts

https://radiopaedia.org/articles/ependymal-cells?lang=us
https://radiopaedia.org/articles/filar-cyst?lang=us


268

variation may persist in adulthood causing neuro-
logic and/or sphincter disturbances. Women in 
their 50s seem to be the most affected group [86].

On MRI, the ventriculus terminalis is usually 
described as a rounded or oval, non-enhancing 
lesion that appears hypointense on T1-weighted 
images and hyperintense on T2-weighted images 
with no perilesional edema. With regard to the 
cyst extension, no more than one or two vertebral 
segments are usually involved. According to a 
recent literature review, only 54 cases of surgi-
cally treated patients with a ventriculus termina-
lis have been reported [27, 68]. Distinguishing 
between a ventriculus terminalis and an intra-
medullary AC is difficult on neuroimaging. The 
final diagnosis can only be determined by histo-
logical examination.

8  Dural Ectasia

Dural ectasia, also known as an enlarged dural 
sac, refers to the ballooning or widening of the 
dural sac and/or spinal nerve root sleeves. This 
dural enlargement generally develops in the lum-
bosacral region where the CSF pressure is high. 
Dural ectasia can result in bony erosion espe-
cially as posterior vertebral scalloping. 
Pathogenesis of this rare entity is unknown; 
however, some cases were associated with gen-
erally weakened connective tissue as seen in 
Marfan syndrome, Ehlers- Danlos syndrome, 
Loeys-  Dietz syndrome, or type 1 neurofibroma-
tosis [23, 48]. Clinically, patients with an 
enlarged dural sac may present with low back 
pain, sciatica-like symptoms, lower limb weak-
ness, sphincter disturbances, headache, or scoli-
osis [43]. But many patients will remain 
asymptomatic [23]. On lateral radiography and 
bony CT scan, posterior vertebral scalloping 
may be seen in the lumbosacral region. On MRI, 
there is an increase in the anteroposterior diam-
eter of the dural sac with a lack of epidural fat. 
Signal content of the fluid inside the thecal sac is 
similar to that of CSF [23, 48].

9  Infectious Lesions

9.1  Hydatid Cysts

Hydatidosis is a rare parasitic disease principally 
caused by the larval cysts of the tapeworm 
Echinococcus granulosus less commonly E. 
alveolaris or E. multilocularis. The disease is 
endemic in those regions of the world where cat-
tle and dogs live together and include the 
Mediterranean basin, the Middle East, Australia, 
and Latin America. The liver and lungs are the 
most common sites of infestation, unlike the 
skeleton. The spine is affected in less than 1% of 
all patients. The destruction of the vertebra causes 
spinal instability and secondary neurologic dam-
age [2, 51].

In the spine, the cysts are usually microvesicu-
lar, multiple, and invasive. Typically, spinal hyda-
tidosis is classified into five types [13]:

 1. Intramedullary.
 2. Intradural extramedullary.
 3. Extradural intraspinal.
 4. Vertebral.
 5. Paravertebral.

Vertebral body lesions with extradural exten-
sion are the most frequent variation. In contrast, 
intradural hydatidosis is rare. The most common 
spinal sites involved are the lower thoracic and 
lumbar segments. Adult men are more commonly 
affected than women. The most frequent present-
ing symptoms are nonspecific and include back 
pain, radiculopathy, lower limb weakness, uri-
nary/bowel disorder, and spinal deformity. Other 
signs and symptoms may be related to hepatic 
and pulmonary involvement. A previous history 
of hydatid disease will be evocative.

Plain X-ray and the CT scan reveal multiple, 
well-defined, osteolytic extensive cavitary verte-
bral areas without periosteal reaction or sclerosis. 
On CT scan, the occurrence of “classic” spherical 
lesions with several daughter cysts is frequent in 
the paravertebral soft tissues. Contrast enhance-
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a cb

Fig. 4 Sagittal T1- (a) and sagittal (b) and axial (c) 
T2-weighted MR images revealing multiple epidural 
hydatid cysts from T11 to L1 without vertebral or paraver-

tebral involvement. However, there is a right foraminal 
extension with spinal cord compression (arrow). The cyst 
contents are isointense to CSF

ment is rare and often related to bacterial co- 
infection. Whenever possible, it will be necessary 
to look for concomitant pulmonary and hepatic 
cysts. However, the majority of spinal ACs can be 
confused with type 2 and type 3 (Fig. 4) spinal 
hydatidosis, without vertebral or paravertebral 
involvement. In such cases, these parasitic cysts 
appear oblong like a “sausage” with thin uniform 
walls on MRI. These fluid-filled lesions demon-
strate similar signal characteristics to CSF in all 
pulse sequences: low signal intensity on 
T1-weighted images and high intensity on 
T2-weighted images [2, 36, 51]. A modification 
in the signal intensity may suggest inactivation of 
the cyst viability. Classically, no walls enhance 
following gadolinium administration. Also, 
diffusion- weighted images can help differentiate 
hydatid cysts from spinal ACs and other suppura-
tive collections. The degree and extent of the spi-
nal cord compression will be better studied on 
sagittal T2-weighted images [70].

9.2  Suppurations

Most intraspinal canal infections are extradural. 
They are known as spinal epidural abscess 
(Figs. 5 and 6) and are less often seen within the 
spinal cord as an intramedullary abscess (Fig. 7) 
but they can also be intradural extramedullary 
in location. Abscesses contained in the intradural- 
extramedullary space are also called spinal sub-
dural abscess or spinal subdural empyema. All 
spinal canal infections have the potential to cause 
permanent damage to the spinal cord and even 
sepsis and death [2, 22, 69].

Some epidural abscesses may be associated 
with a concomitant infection in the vertebral 
body (spinal osteomyelitis), disk space (discitis), 
or both (spondylodiscitis). In contrast, simultane-
ous vertebral and paraspinal infections are rare 
with other types of intradural suppuration.

Development of these different infectious dis-
ease types mainly occurs through hematogenous 
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a b
Fig. 5 Case 1. Sagittal 
T1- (a) and T2-weighted 
(b) MR images showing 
a C3–C5 anterior 
epidural abscess 
(arrows) causing spinal 
cord compression

a b
Fig. 6 Case 1. The 
epidural abscess 
(arrows) enhance 
peripherally around a 
central area of 
hypointensity on 
post-gadolinium sagittal 
(a) and axial (b) 
T1-weighted MR images
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Fig. 7 Sagittal T1-weighted MRI after gadolinium 
administration (a) and on T2-weighted sequence (b). 
This midthoracic intraparenchymatous spinal cord ring-
like lesion was proved to be an abscess (arrow). The 
patient was treated with antibiotic therapy and corticoste-
roids with a good recovery. The complete resolution of 
the abscess is seen on postcontrast sagittal T1-weighted 

images performed 12  weeks later. There is a moderate 
spinal atrophy without gadolinium enhancement (c) 
(arrow). (Reproduced from Akhaddar A. (2017) Spinal 
Cord Abscesses. In: Atlas of Infections in Neurosurgery 
and Spinal Surgery. Springer, Cham. https://doi.
org/10.1007/978- 3- 319- 60086- 4_20; with permission)

spread from a remote source of infection, con-
tiguous expansion from an adjacent infection, 
and direct inoculation. However, some cases 
remain cryptogenic. A number of underlying dis-
eases and some predisposing factors can be iden-
tified in patients with intraspinal infectious 
collections and include intravenous drug abuse, 
HIV infection, diabetes mellitus, chronic renal 
failure, hepatic cirrhosis, alcoholism, underlying 
malignancy, morbid obesity, rheumatic heart 
valve disease, and tuberculosis. Furthermore, any 
immunosuppressive treatment can predispose to 
support spinal canal infections [2].

Thoracic and lumbar vertebral columns are 
the sites for infectious predilection. Because the 
extradural space has no smooth anatomic border 
like those found in the subdural space, epidural 
empyemas are often more focal and limited than 
subdural ones. Moreover, extradural suppura-
tions are more common in the aging population 

with multiple comorbidities and are relatively 
unusual among children. Conversely, SCA are 
more frequent in male children, due to the 
increased potential for congenital midline 
defects [69].

Signs and symptoms of intraspinal canal 
infections are often nonspecific. Initially, clinical 
findings may be subtle and confusing due to other 
underlying medical issues. Acute forms present 
as an acute spinal cord syndrome mimicking 
“acute transverse myelitis,” especially in intradu-
ral forms. Fever and back and/or root pain 
 constitute typical presenting symptoms in addi-
tion to progressive neurological deficit below the 
level of the lesion. Initially, there is no spinal ten-
derness (except with spinal epidural abscess). 
Meningismus is a common symptom in intradu-
ral forms. Indeed, systemic signs of infection 
(fever, malaise, irritability, night sweats, and 
headache) are common but inconsistent [22, 69].
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Chronic varieties tend to have a less specific 
symptomatology mimicking spinal cord tumors 
with a progressive neurological deficit and low 
back pain without fever. Nevertheless, signs and 
symptoms depend on the location of the lesion, 
the volume and number of collections/abscesses, 
and their chronicity.

Apparent etiologies, recent history of sepsis or 
an invasive procedure, or an anatomical spinal 
defect such as a congenital anomaly should con-
stantly be taken into consideration.

Plain radiographies are normal unless there is 
an associated spondylodiscitis. CT scan may bet-
ter define the destructive bony changes and intra-
spinal gas (bubbles of air) may be seen. A 
combination of spinal osteomyelitis and discitis 
on radiographic images is uncommon [22].

MRI is the imaging technique of choice to 
confirm the presence of a suppurative collection 
and to determine its exact location within the spi-
nal canal. Typical suppurations appear as hypo or 
isointense collections on T1-weighted images 
and hyperintense collections on T2-weighted 
images with gadolinium enhancement. 
Collections that are fluid-filled and thus easily 
drained tend to be hyperintense on T2-weighted 
images and will enhance peripherally around a 
central core of hypointensity on T1-weighted 
images (Figs. 5 and 6). Fat suppression sequences 
may help in making the diagnosis by removing 
the increased signals of extradural fat and bone 
marrow [2].

Also, the purulent fluid demonstrates a high 
signal intensity on DWI and low ADC values 
reflecting decreased diffusion properties unlike 
those for ACs. Spinal subdural and intramedul-
lary abscesses appear poorly defined compared to 
epidural collections. Screening for a congenital 
spine anomaly can help determine the diagnosis, 
especially in children.

9.3  Cysticercosis

Cysticercosis is the most common parasitic infec-
tion of the CNS worldwide, commonly affecting 

the brain. The disease is caused by the larva of 
the tapeworm Taenia solium. This parasitic dis-
ease is endemic in most parts of Asia, Latin 
America, and Sub-Saharan African countries. 
Intraspinal involvement is rare and is usually 
associated with intracranial cysticercosis [2, 17]. 
Classically, neurocysticercosis is categorized 
into four forms: vesicular, colloidal vesicular, 
granular nodular, and calcified nodular. Two 
types of cysts tend to develop in the spinal canal, 
primarily intradurally and may be confused with 
intraspinal ACs: simple cysts (Cysticercus cellu-
losae) and multiples cysts (Cysticercus racemo-
sus). Both cystic forms may involve spinal cord 
parenchyma and subarachnoid spaces. Among 
these, leptomeningeal cysts are the most com-
mon. Spinal cysticercosis may cause arachnoidi-
tis, meningitis, myelitis, or spinal cord 
compression. The most common clinical signs 
associated with intramedullary lesions are 
myelopathy and progressive motor weakness 
secondary to spinal cord compression. While 
back pain and radicular pain are the most fre-
quent symptoms found with extramedullary cysts 
[17, 56].

Most spinal cysticercosis cysts are similar in 
appearance to a spinal AC with a signal intensity 
similar to that of the CSF on both T1- and 
T2-weighted images without restricted diffu-
sion. Contiguous edema and post-gadolinium 
rim enhancement can be seen with parasitic 
cysts [64]. It is well known that the individual 
scolex is difficult to detect on MR imaging. The 
scolex can be seen within the cyst as a “mural 
nodule”: a high intensity focus on T1-weighted 
images that is low intensity on T2-weighted 
images. The cystic lesions can be solitary or 
multiple, simple or multiloculated [51, 56, 64]. 
In addition, there are other findings suggesting 
the existence of this parasitic disease that com-
plement the MRI results: medical history and by 
immunology workup that includes enzyme-
linked immunosorbent assay and electroim-
muno-transfer blot assay [17]. Conversely, these 
cystic lesions may be associated with concomi-
tant intracranial cysts [39].
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10  Meningoceles 
and Pseudomeningoceles

A spinal pseudomeningocele is an abnormal col-
lection of CSF that communicates with the sub-
arachnoid space surrounding the spinal cord, 
nerve roots, and cauda equina. These collections 
are mainly seen as a result of a traumatic injury 
or a surgical procedure [10, 31]. The CSF collec-
tion has no surrounding membrane, but it is con-
tained in a cavity within the soft tissues. In 
contrast, in a “real meningocele” the CSF is con-
tained within an extension of the meningeal lay-
ers. Meningoceles are typically classified as 
“congenital.” They result from herniation of the 
meninges through a defect in the vertebral col-
umn (e.g. spina bifida) usually involving the soft 
tissues under the skin surface. Conversely, the 
majority of spinal pseudomeningoceles are “iat-
rogenic” and mainly occur in the posterior lum-
bosacral region following spinal surgery (Figs. 8 
and 9). In brachial plexus injury, the key finding 
is that the nerve root avulsion pseudomeningo-
cele does not contain any neural structures [24]. 
Pseudomeningoceles are frequently asymptom-

atic, but some patients may present with recur-
rent low back pain, lower extremity radiculopathy, 
nerve root entrapment, subcutaneous swelling, 
or symptoms of intracranial hypotension [4, 31]. 
CSF leakage from the wound may be the cause 
of severe subarachnoid and CNS infections. On 
CT scan, a pseudomeningocele appears as a 
low- density collection that extends to the dura 
with little or no peripheral contrast enhance-
ment. Both on MRI and CT scan, the cyst con-
tent has similar features to CSF. Although MRI 
is the neurodiagnostic procedure of choice, 
CT-myelography and a radionuclide myelo-
graphic study may be useful tools in some situ-
ations [31]. Suspected fluid can be examined for 
detecting Beta2 transferrin which is a sensitive 
and specific method for diagnosing a CSF leak. 
Unlike the majority of intraspinal ACs, pseudo-
meningoceles are extradural and the diagnosis 
will be highly evocative when there is a previous 
history of spinal surgery or traumatic injury. 
Also, congenital meningoceles are defects of the 
neural tube, most are associated with neuroim-
aging with an anterior or posterior bony defect in 
the vertebral column [10, 24, 31].

a b c

Fig. 8 Posterior lumbo-sacral pseudomeningoceles fol-
lowing L4–L5 laminectomy in a patient operated on 
6  months previously for a lumbar spinal stenosis in 

another institution. Sagittal T1- (a) and sagittal (b) and 
axial (c) T2-weighted MR images
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a b

Fig. 9 Posterior mid-thoracic pseudomeningoceles 
(stars) following T6–T10 laminotomy in a young patient 
operated on 4 months previously for a thoracic spinal cord 

tumor in another neurosurgical center. Sagittal (a) and 
axial (b) T2-weighted MR images

11  Spinal Degenerative Cysts

Spinal degenerative cysts include a heteroge-
neous group of cystic lesions that potentially 
share a common etiology supporting a theory of 
degeneration. At least, increased motion and the 
role of trauma seem to have a responsibility in the 
formation of many cysts. This group includes the 
following types [7, 8, 12, 58, 74]:

 – Juxtafacet cysts which include synovial cysts 
and ganglion cysts.

 – Ligamentum flavum cysts also known as fla-
val cysts.

 – Discal cysts.
 – Posterior longitudinal ligament cysts.
 – Cysts associated with Baastrup disease.

These cystic collections have been catego-
rized using various combinations of topographic 
and pathological characteristics and by their 
attachment to or communication with a specific 
spinal structure such as a facet joint, interverte-
bral disc, and/or various spinal ligaments. Cyst 
walls are composed of fibrous tissue of varying 
thickness and cellularity without signs of infec-
tion or inflammation. The cyst composition is 
variable: serous, proteinaceous, hemorrhagic, or 
a mixture of all of them. Sometimes, the cyst 
walls are calcified or the cyst fluid may contain 
gas. Finally, distinction between these 6 types of 
cysts may sometimes be difficult and is clinically 
unimportant for many authors [29, 38, 52]. Most 
cysts are epidural, small, benign, and often occur 
in the lumbar spine. Synovial cysts develop more 
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commonly in the lateral epidural space in the 
proximity of a lumbar facet joint (Fig.  10). 
Ligamentum flavum cysts are attached to the LF 
laterally. Discal cysts, ganglion cysts, and poste-
rior longitudinal ligament cysts (Fig. 11) occur in 
the antero-lateral epidural space [8]. However, 
cysts of Baastrup disease are found in the poste-
rior median epidural region. With the increasing 
usage of neuroimaging techniques, many inci-
dental asymptomatic cysts are being discovered 
on CT scan and MR imaging in middle aged and 
elderly patients. Nevertheless, other cysts may 
produce acute or chronic symptoms. These symp-
toms are highly variable and depend principally 
on the anatomic location, cyst dimension, and 
chronological evolution. Generally, most patients 
have low back pain and/or radicular symptoms 
mimicking a lumbar disc herniation or lumbar 
spinal stenosis.

Fig. 10 Right extradural L4–L5 synovial cyst (arrow) 
mimicking a Tarlov cyst. Axial T2-weighted MR image

a b

Fig. 11 Left extradural L5 cyst of the posterior longitudi-
nal ligament (arrow) mimicking a Tarlov cyst. Sagittal (a) 
and axial (b) T2-weighted MR images. (Courtesy of 

Professor Salah Bellasri from Department of Radiology, 
Avicenne Military Hospital, Marrakech)
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Spinal degenerative cysts are rarely confused 
with spinal ACs. However, some degenerative 
cysts have unenhanced signal features very simi-
lar to those of CSF. On MRI, most degenerative 
cysts are well-defined thin-walled lesions usually 
centered on their originating structures and the 
contents display the signal intensity of water on 
all sequences. Mural enhancement may be seen 
following contrast injection. However, gadolin-
ium administration is rarely required. Very rarely 
secondary acute bleeding or infection may occur 
within the cyst, changing its signal characteris-
tics, and it may present with high signal on T1 
and heterogeneous low signal on T2-weighted 
images. Possible bone remodeling/erosion and a 
calcified rim are better seen on CT scan. 
Intracystic contrast injection can be useful in dif-
ferentiating between synovial cysts, discal cysts, 
and the other degenerative cysts [8].

12  Spinal Cord Herniation

A spinal cord herniation is an unusual pathologic 
entity caused by a defect in the arachnoid layer, 
with tethering of the spinal cord in close contact 
with the subdural space [73]. Although post- 
surgical or post-traumatic cases were previously 
reported, most cases are considered “idiopathic” 
or spontaneous spinal cord herniations because 
no obvious secondary cause is identified. 
Generally, most patients presented with focal 
myelopathy such as Brown-Séquard syndrome or 
spastic paraparesis. Idiopathic herniation of the 
spinal cord classically occurs in the kyphotic 
mid-thoracic spine area. More spinal cords herni-
ate through a small anterior or a far lateral arach-
noid defect. On sagittal MR images, a focal 
anterior displacement/angulation of the spinal 
cord is observed, generally limited to 1 or 2 ver-
tebral segments with or without spinal cord atro-
phy. Also, a high T2 signal intensity may be seen 
within the spinal cord parenchyma. Interestingly, 
there was no CSF seen between the spinal cord 
parenchyma and the subarachnoid space but there 
was an enlargement of the subarachnoid space on 

the opposite side, which should be differentiated 
from subdural intraspinal ACs [11, 59]. 
Myelography combined with CT myelography is 
helpful for the diagnosis; however, MRI remains 
the gold standard for differentiating the majority 
of other cystic lesions [9]. For some authors, 
phase-contrast pulse cine MRI can easily exclude 
an associated posterior ACs [15].

13  Other Cyst-Like Entities

More intricate intraspinal fluid collections may 
be confused with a spinal ACs and can also be 
included in the present list such as vascular mal-
formations (dural fistula, arteriovenous malfor-
mation, or other vascular anomalies), hematomas 
(spontaneous or secondary), varices, gas/pneu-
matic pseudocysts [6], or arachnoiditis (infec-
tious, inflammatory, or iatrogenic).

14  Conclusion

Although intraspinal ACs have been considered 
uncommon for a very long time, these cysts are 
more and more often seen in our regular spinal 
imaging studies. Among asymptomatic and 
symptomatic cases, the practitioner should con-
sider other spinal and intraspinal cystic lesions or 
normal anatomic variants that can occasionally 
be confused with “real” spinal ACs. In the case of 
a diagnostic uncertainty or unusual neuroimaging 
features, additional improved MR imaging 
should be requested whenever possible. This 
additional imaging may indicate the exact topog-
raphy of the cysts and their inner structures, 
defining the exact margins of the collections, and 
determining the relationship of the cysts with 
contiguous anatomic structures as well as any 
communication between the cyst and adjacent 
subarachnoid spaces. Such information, in addi-
tion to the clinical presentation and occasionally 
biological data, will be essential to improve our 
capacity to determine the best therapeutic deci-
sion for each case.
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Part V

Options in Operative Management  
of Arachnoid Cysts

 Editor’s Summary

In this “Part V: Options in Operative Management of Arachnoid Cysts,” there 
are a total of seven chapters describing the options for the operative 
management of arachnoid cysts (ACs). Once the presumed diagnosis of the 
presence of an AC that is potentially causing symptoms has been made, a 
number of different surgical techniques can be considered and employed for 
the successful treatment of symptomatic ACs. Beginning with simply 
aspirating and draining the AC as proposed in 24 to the much more refined 
microsurgical approach to the removal of ACs as presented in the following 
chapter. Diversion of the fluid within the cyst can be accomplished through 
the placement of a conventional shunting device or by stereotactic internal 
diversion as described in Chapters 26 and 27, respectively. With endoscopy 
becoming an increasingly useful technique for performing numerous 
neurosurgical procedures both cranial and spinal in nature, the utility for 
successfully treating ACs is featured in 28. Spinal ACs can require surgical 
management because of the profound symptomatology that they can cause 
when left untreated or with a delay in their diagnosis. As with all surgical 
procedures involving the central nervous system, some form of complication 
is always possible as discussed in the concluding 30 for this part.
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1  Introduction

Arachnoid cyst (ACs), an extra-axial cerebrospi-
nal fluid (CSF) collection inside the arachnoid 
layer, is a congenital benign non-neoplastic 
abnormality made by arachnoid-related serous 
tissues. It accounts for about 1% of intracranial 
and 1–3% of spinal space-occupying lesions 
(SOL) with an approximate male/female ratio of 
2:1. This cystic lesion may be present in various 
forms. In some cases, the cyst is linked to the 
adjacent cisterns freely, while it makes a limited 
SOL without any connection to the intracranial 
CSF in others. Additionally, it can have different 
contents including bloody fluid, high protein 
content, or xanthochromic fluid [1, 2].

ACs may be seen solely or as part of a syn-
drome or association. These CSF collections 
should be considered in genetic disorders such as 
Marfan syndrome, neurofibromatosis type 1, glu-
taric aciduria, acro-callosal syndrome, and auto-
somal dominant polycystic kidney disease 
(ADPKD). They show various behaviors during 

the patient’s lifetime, from a rare spontaneous 
disappearance to slowly growing cysts. The latter 
occurs when a unidirectional valve allows the 
CSF to enter with no exit point, leading to pro-
gressive cyst enlargement. Despite these features, 
most cysts have a stable size during the patient’s 
entire life. Accordingly, there are some other 
probable factors determining the surgical neces-
sity including superimposed infection and intra-
cystic bleeding [29].

Patients with these abnormal cysts may pres-
ent with a wide variety of symptoms depending 
on their location. Although asymptomatic at the 
time of diagnosis, and detected as an incidental 
finding in many cases, a group of patients may 
become symptomatic. Headache, neurodevelop-
mental delay, intractable seizure, focal neurologi-
cal deficits, and macrocephaly are some of the 
symptoms associated with ACs as a result of cyst 
mass effect. However, sometimes finding a rela-
tionship between the symptoms and the cyst will 
become more complicated [8, 29].

Many patients may have ACs with no symp-
toms, whose cyst may become symptomatic at 
one point of their life. The exact risk factors to 
make these cysts symptomatic might be unidenti-
fiable or unclear. In some situations, such as 
bleeding inside the cyst or by cyst contamination 
with bacteria, we are able to determine why the 
patient is symptomatic pre- or intraoperatively, 
while in other conditions, finding a definite 
mechanism is not possible, and patient’s symp-
toms may not be explainable.
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2  Treatment Options 
for Arachnoid Cysts

To recommend the best treatment modality for 
ACs, different factors should be considered 
including the patient’s signs and symptoms, cyst 
size, cyst location, cyst type, and previous treat-
ments. Owing to the varied presentation and dif-
ferent forms of ACs, as well as their unclear 
natural course, deciding on the optimal method 
for treatment is still controversial. Therefore, dif-
ferent therapeutic approaches with different out-
comes have been discussed in the literature that 
may not be straightforward in all patients with 
ACs [6].

Headache is the most common presentation of 
these cysts occurring because of cyst mass effect, 
increased intracranial pressure (ICP), and conse-
quently hydrocephalus. Importantly, in some 
patients the headache might be unrelated to the 
AC; therefore, in these cases, a watchful waiting 
approach along with regular visits could be an 
option. There are no definite intervals for follow-
 up visits and neuroimaging, but the location of 
AC has a significant role to introduce an appro-
priate interval for follow-up. For instance, short 
intervals may be recommended to follow quadri-
geminal ACs. Invasive ICP monitoring can be 
applied as well, although it remains a challenging 
method [29].

In patients whose headache is unrelated to the 
cyst or in asymptomatic cases, some authors sug-
gested a preventive surgery to reduce the cyst 
complications during different situations that 
may cause unpredictable consequences. For 
instance, they believed that high altitude could 
cause cyst rupture due to atmospheric pressure 
alterations. Also, they reported that head trauma 
could lead to cyst rupture, then a subdural 
hygroma/hematoma, or an intracystic hematoma 
leading to acute neurologic deficits. However, the 
cumulative risk for such horrible complications 
was less than 3%, where the risk of those adverse 
consequences has been reported as 5% or more 
after cyst surgery. On the other hand, there is 
some evidence of cyst disappearance following 
spontaneous or traumatic rupture. Given that, 

preventive surgery has no beneficial role in AC 
treatment [21, 26, 27].

In other symptomatic patients, a multitude of 
surgical techniques is available. Surgical excision 
of the cyst concomitant with marsupialization is a 
method to treat AC; however, it should be consid-
ered that complete cyst resection may not be 
achieved because of the cyst wall adhesion to the 
underlying cerebral structures. According to the 
literature, craniotomy and cyst fenestration were 
the most favorable choices of treatment for ACs 
[27]. Cyst fenestration through a microsurgical 
keyhole approach or endoscopic approach in 
order to connect the cyst to normal intracranial 
CSF flow is another option [23]. Although this 
method became a popular trend after the rapidly 
increasing neuroendoscopy utilization for treat-
ing many intracranial lesions, including ACs, 
there was no significant difference between open 
and endoscopic approaches regarding some com-
plications such as subdural hygroma/hematoma 
[26]. Furthermore, the endoscopic approach lim-
its the surgeon in terms of intraoperative bleeding 
control compared to open craniotomy, even 
though it may be more effective in suprasellar 
and quadrigeminal cistern ACs in addition to a 
shorter hospitalization period [9, 10].

Cyst aspiration and drainage by a needle via 
burr hole craniotomy and cyst shunting are con-
sidered the other approaches that will be helpful 
in selected patients, which will be discussed in 
the following sections [8, 23, 31].

3  Cystoperitoneal (CP) 
Shunting as Primary 
Treatment

As discussed earlier, open craniotomy and maxi-
mal safe cyst wall excision were considered as 
the treatment of choice since the 1980s [24]. In 
this way, the surgeons were able to achieve two 
goals simultaneously: first to eliminate the cyst 
mass effect and second to obtain a histopatho-
logic sample to rule out the neoplastic character-
istics of the cyst [24]. Nevertheless, both early 
and late complications of this type of surgery 
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included subdural hygroma/hematoma, cyst 
recurrence (approximately, 25%), and associated 
hydrocephalus needing a shunt placement 
(approximately, 30–100%). Moreover, another 
important limitation was a mortality rate of 
approximately 20% after open craniotomy, par-
ticularly in pediatrics. Therefore, this led to con-
sidering cystoperitoneal (CP) shunt implantation 
as the primary treatment [13].

Some surgeons recommended the CP shunt-
ing as the primary treatment of ACs in select 
patients. They considered different factors to esti-
mate the rate of postoperative events leading 
them to insert a shunt and then introduced this 
method as the first therapeutic option. The most 
important factor to determine the efficacy of pri-
mary shunt placement was the communication of 
the cysts with other cisterns and subarachnoid 
spaces. Hence, utilizing precise preoperative 
investigations is a requirement for optimal deci-
sion-making. Despite the existence of several 
imaging modalities including computed tomog-
raphy (CT) cisternography and cine magnetic 
resonance imaging (MRI), it is not always very 
straightforward to confirm the presence of a con-
nection between the cyst and free CSF [24]. 
Importantly, connection of the AC to the free 
CSF circulation and concurrent hydrocephalus 
were both considered as determining factors, 
since primary shunt implantation was more ben-
eficial in such cases [24]. Therefore, in these two 
groups of patients, craniotomy and cyst wall 

excision could be considered as second-line ther-
apy in case of shunt failure.

Generally, two forms of shunting could be 
considered for ACs: (1) CP shunt and (2) CP con-
comitant with ventriculoperitoneal (VP) shunt 
(Fig. 1). The latter should be used in cases of con-
current hydrocephalus with AC.  On the other 
hand, there are two protocols for CP shunting:

 1. In the first one, a small craniotomy is per-
formed, and the cyst wall is removed as much 
as possible, allowing the cyst to collapse. 
Then, a shunt tube is placed in the cyst cavity, 
followed by both cyst and dura matter stitch-
ing that is thought to prevent a subdural 
hygroma/hematoma.

 2. The second technique is similar to VP shunt-
ing; it means that after craniotomy, the cyst 
will only be punctured to introduce the shunt 
tube [25].

Similar to all therapeutic modalities, shunting 
has complications which are similar to other 
types of shunt devices. One of these complica-
tions is shunt infection. Despite a sterile opera-
tion along with perioperative intravenous 
antibiotics, CP shunt infection was reported 
between 1.3% and 8.7% in studies with more 
than 5  years of follow-up compared to 1–15% 
following VP shunt placement [22, 25]. Shunt 
malfunction is predictable due to a list of reasons 
comprising shunt fracture, occlusion, distraction, 

a cb

Fig. 1 Brain computed tomography (CT) scans of a 
5-year-old boy. (a) Shunt insertion in a right temporal 
arachnoid cyst (ACs). (b) A CT scan shows obliterated cyst, 

but typical symptoms of pseudotumor cerebri were pre-
sented after 6 years. (c) A ventriculoperitoneal (VP) shunt 
was inserted that resulted in symptom disappearance
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over-drainage, and under-drainage, as it occurs 
after VP shunting as well. This adverse event 
with an incidence rate as high as 50% is more 
frequent in CP shunting than VP shunt placement 
which may be due to the different underlying 
pathology of this disease [25]. Rarely, patients 
who underwent shunt insertion present with 
walking difficulties displaying cervical myelopa-
thy. This condition was reported after VP shunt-
ing as called “over-shunting-associated 
myelopathy” or “Miyazaki syndrome.” A total 
number of 14 patients with VP shunting and 2 
patients with CP shunting were reported in the 
literature so far to have this complication [28].

Shunt dependency is another concern after 
shunting the AC with a rate of 0.9–37% [17]. 
When a shunt stays in the brain for a long time, 
the absorptive mechanism of cerebral tissues will 
be impaired, and the replaced fibrosis makes the 
brain less elastic with low compliance, which 
results in the brain tendency to keep the shunt in 
place [25]. The diagnostic triad of shunt depen-
dency is [7, 16]:

 1. Symptoms of intermittent and unexplainable 
raised ICP.

 2. Symptom improvement by lowering the ICP 
through injection of osmotic agents such as 
mannitol or confirming increased ICP by uti-
lizing an ICP monitoring system.

 3. Delayed filling of the shunt reservoir.

In some patients, acquired Chiari malforma-
tion type 1 was reported after CP shunting 
because of craniocerebral disproportion leading 
to hindbrain herniation [17]. This complication 
was serious enough for some neurosurgeons to 
ignore CP shunting as the first-line method while 
the others tried to overcome it [12, 25]. The fac-
tor that has a crucial role in dependency is shunt 
duration, as a longer shunt duration may lead to a 
higher rate of dependency. Therefore, there were 
some investigations to determine the optimal 
time for shunt removal. Accordingly, in a large 
series by Arai et al., it was revealed that the aver-

age interval between shunt insertion and the 
occurrence of shunt dependency was approxi-
mately 6.2 years (range, 0.6–10 years). Therefore, 
the authors recommended shunt removal as early 
as cyst obliteration [3].

Moreover, there are some methods to avoid 
or treat shunt dependency such as replacing the 
shunt with another catheter, using a program-
mable shunt to increase the shunt valve resis-
tance [11], and replacing the shunt system with 
a lumboperitoneal shunt. Sometimes replacing 
the shunt with another catheter may be difficult 
due to the small size of the ventricles. In this 
situation, lumboperitoneal shunt or intracranial 
shunt using a navigation system could be help-
ful [15, 25]. In addition, Dong et al. presented 
an approach in which they resected the col-
lapsed cyst wall as much as possible via micro-
scopic keyhole surgery. They reported two cases 
operated via this approach in whom the results 
were promising and they could treat shunt 
dependency [7].

4  Needle Aspiration or Burr 
Hole Drainage 
for the Arachnoid Cysts

Occasionally, some ACs may disappear due to an 
unclear mechanism. While trivial trauma and 
infection were reported so far to explain this 
mechanism, the other relevant factors are still 
unknown. It is noteworthy that AC resolution 
may occur completely without any presentation, 
which could be considered as a part of the cyst 
natural course. Nonetheless, the actual natural 
history of an AC is not yet clear [19].

Subdural hygroma/hematoma is a complica-
tion of AC rupture following head injury. 
Furthermore, there are several reports of vanish-
ing ACs during a patients’ follow-up period. It is 
believed that head injury may cause tearing in 
the cyst membrane and open its cavity into the 
subdural space, which leads to the cyst fading 
away. According to this hypothesis, neurosur-
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a b c

Fig. 2 (a) A brain magnetic resonance imaging (MRI) showed a right parietal convexity AC. (b) A brain CT scan after 
burr hole drainage. (c) A postoperative 3-month CT scan showed complete disappearance of the AC

geons designed a trauma-like approach to treat 
ACs. They performed trephination (artificial 
trauma) localized on the cyst location to simu-
late a head trauma leading to cyst rupture and 
then slowly and progressively cause cyst regres-
sion by burr hole drainage [14]. Indeed, the sur-
geon first changes an AC to a subdural collection 
and then treats it as a subdural hygroma/hema-
toma (Fig. 2).

Another approach to the ACs is the cyst aspi-
ration using CT scan, MRI, or stereotactically. In 
this approach, only a few patients may fulfill the 
selection criteria, and CT-guided, MR-guided, or 
stereotactic aspiration of the cyst could be carried 
out [4, 5, 20]. The advantages of the MR-guided 
approach are a more targeted aspiration while 
showing around neural structures in greater detail 
accompanied by displaying probable immediate 

complications such as epidural bleeding [4]. 
Rarely, an Ommaya reservoir may be implanted 
in super-selective patients for periodic cyst aspi-
ration that prevents shunt necessity and its com-
plications [30].

Based on the available data about the AC aspi-
ration and burr hole drainage, the first method is 
not acceptable and is not adequate enough as the 
first-line therapy, even though it was used in 
some cases with spinal cord ACs. The only indi-
cation of AC aspiration is the small cysts without 
apparent subarachnoid communication [18]. 
Besides, burr hole drainage is recommended in 
limited situations such as when a subdural 
hygroma/hematoma occurred after opening the 
cyst to subdural space [14].

Figure 3 has summarized the treatment options 
for AC.

Aspiration and Drainage of Arachnoid Cysts
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Fig. 3 Therapeutic algorithm for ACs
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Microsurgical Approach 
to Arachnoid Cysts

Michelle E. De Witt and Walter A. Hall

1  Introduction

Intracranial arachnoid cysts (ACs) are extra- 
parenchymal, intra-arachnoidal collections filled 
with a fluid similar in composition to cerebrospi-
nal fluid (CSF). They are generally believed to be 
due to congenital splitting or duplication of the 
arachnoid membrane [8, 65, 76], although case 
reports of de novo AC cyst development do exist 
[8, 61, 66, 78].

1.1  Incidence

In adults, estimates of AC incidence based on 
either computed tomography (CT) or magnetic 
resonance imaging (MRI) range from as low as 
0.3% up to 1.8% [3, 22, 39, 83, 84]. Of these, 
larger studies using MRI imaging to diagnose an 
AC suggest an incidence of at least 1% [3, 83, 
84]. The reported incidence of pediatric ACs in 
the literature ranges from 0.5% to 2.6% [4, 34, 
36, 41]. Increasing incidence is quoted in the lit-
erature over time, likely reflective of choice of 
CT versus MRI and advances in imaging tech-
niques [39, 41, 83, 84, 91].

1.2  Natural History

The natural history of most ACs is benign and 
they remain asymptomatic over time. ACs are not 
static entities however. Fluctuation in size may 
occur and indeed has been well described [3, 4, 
12, 44, 45, 55, 66, 67]. Enlarging ACs may ulti-
mately require treatment [3, 4, 44, 45, 55, 66]. 
Conversely, ACs may decrease in size over time, 
although this is thought to be uncommon [3, 12, 
45, 67]. There are additionally case reports of 
spontaneous resolution of ACs [1, 47, 55, 63, 70, 
81, 85].

1.3  Location

ACs may be located in any arachnoid space; 
however, the vast majority of ACs are supratento-
rial [3, 4, 73]. Of these, middle fossa ACs repre-
sent the most common supratentorial location, 
comprising anywhere from 34 to 60% of ACs [3, 
4, 9, 24, 29, 37, 59, 84, 86]. Other locations 
include the suprasellar cistern, interhemispheric 
fissure, hemispheric convexity, and retrocerebel-
lar and quadrigeminal cisterns [3, 4, 10, 30, 35, 
40, 75, 77]. Intraventricular cysts are thought to 
be quite rare [15].
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2  Presentation

Many ACs are asymptomatic and found inciden-
tally on imaging studies performed for other indi-
cations [3, 4, 65] including routine prenatal 
imaging [26, 28, 73].

Symptomatic ACs may present with a variety 
of complaints. ACs are often associated with 
 non- specific symptoms [14, 25, 74, 87], with 
headache being the most common complaint 
described in many studies [5, 17, 82]. Other 
symptoms associated with high intracranial pres-
sure (ICP) such as seizures, vomiting, and leth-
argy have been reported [17, 82]. Cognitive 
issues ranging from vague cognitive complaints 
[2, 32, 87, 89] to short-term memory deficits [5] 
and delayed developmental milestones in chil-
dren have all been reported [17]. Focal motor 
deficits, gait abnormalities, visual changes, and 
cranial neuropathies have all been described [17, 
82]. In children, macrocephaly, increasing head 
circumference, and temporal bone bowing have 
all been seen [17, 73, 82]. Endocrinopathies 
ranging from growth hormone deficiency to pre-
cocious puberty to panhypopituitarism have also 
been described [56, 69, 77].

Initial presentation with subdural hygroma or 
subdural hematoma (SDH) or intracystic hem-
orrhage from AC rupture is a well-described 
occurrence [11, 16, 21, 27, 57, 62, 88]. Larger 
cyst size at presentation and a history of recent 
head trauma have been found to be risk factors 
for presentation with a hemorrhage in these 
patients [16].

Expectedly, AC symptomatology can often be 
location dependent as a result of direct mass 
effect of the AC on adjacent neurological struc-
tures. Thus, patients with suprasellar ACs may 
present with visual problems, endocrinopathies 
[77], or hydrocephalus [3]. Patients with ambient 
cistern, quadrigeminal cistern, or retrocerebellar 
ACs often present with hydrocephalus [3, 4, 73] 
although the latter is suggested to have a more 
insidious onset [73]. A cerebellopontine angle 
location may be associated with vertigo, tinnitus, 
ipsilateral sensorineural hearing loss, or facial 

palsy [3, 33]. ACs located in the temporal fossa 
may be associated with bowing of the temporal 
bone [82].

In Al-Holou et al.’s natural history study, ACs 
in the suprasellar location, the cerebellopontine 
angle, the ambient cistern, and the quadrigemi-
nal cistern had a higher likelihood of being 
symptomatic compared to ACs located in the 
middle fossa or retrocerebellar space. They also 
found that, in adults, a younger age and larger 
cyst size were more likely to be symptomatic 
[3]. Similarly, Ali et  al., in their pediatric case 
series, found that cyst size and younger age at 
diagnosis were significant predictive factors for 
undergoing surgery [9].

3  Indications for Surgical 
Intervention

In general, there is a consensus in the literature 
that intervention is indicated for symptomatic 
ACs [23, 25, 37, 51, 59, 82]. Symptoms such as 
refractory epilepsy, focal neurological deficits, 
and hydrocephalus are clear indications for 
therapeutic treatment [30, 33, 90]. For these 
patients, the debate mainly focuses on the 
choice of intervention. The clinical challenge 
that arises lies in determining if other signs and 
symptoms that a patient presents with are 
indeed caused by the AC.

Headaches, the most common presenting 
sign of an AC, may be significantly improved 
after surgical intervention [46]; however, they 
may also persist despite AC treatment and 
radiographic improvement [18]. In a 2008 sur-
vey of the neurosurgical management of ACs, 
chronic headache was a major indication for 
offering surgical intervention in 35.5% of those 
surveyed [80].

In those patients with a subdural hematoma 
(SDH) or hygroma, treatment of the SDH via 
evacuation may be indicated; studies assessing 
SDHs report good outcomes without a surgical 
intervention directly addressing the AC [21, 27, 
49, 57, 62]. An intracystic hemorrhage may be an 

M. E. De Witt and W. A. Hall



293

indication for treatment [27]; however, 
Domenicucci et al. argue that in the setting of a 
concurrent chronic SDH, the blood products seen 
in the AC are from the movement of the blood 
breakdown products from the SDH into the AC 
through the cyst membrane, thus addressing the 
cyst may not be warranted [21].

Other diagnostic tests may be deemed neces-
sary prior to proceeding with intervention. Those 
patients presenting with seizures may benefit 
from electroencephalogram (EEG) monitoring 
to localize the seizure to the parenchyma adja-
cent to the AC prior to offering surgical interven-
tion [80, 90]. Some studies have looked at 
neuropsychological testing with positive perfor-
mance gains on these tests after postoperative 
cyst reduction or elimination. These authors 
advocate for a role, currently undefined, for neu-
ropsychological testing in AC patients and sug-
gest having a lower threshold at which to offer 
surgical intervention [32, 87, 89]. Di Rocco et al. 
described intraparenchymal ICP monitoring for 
patients with middle fossa ACs and used the doc-
umented presence of intracranial hypertension to 
guide intervention [19]. Martinez-Lage et  al. 
suggested the use of cerebral 99 mTc-HMPAO 
single photon emission computed tomography 
(SPECT) to assess for a decrease in regional 
cerebral blood flow (rCBF) in the brain paren-
chymal zone around the AC [53].

The role of surgery in the asymptomatic 
patient has also been debated in the literature 
with advocates for prophylactic treatment of 
ACs. Proponents of interventional treatment in 
these patients cite concern for future hemorrhage 
[80]. However, while the true hemorrhage risk is 
unknown, it does appear to be quite low [3, 4, 
16]. Increasing radiographic size [9, 43] is also 
sometimes considered an indication for treat-
ment, but, given the generally benign natural his-
tory and the documented, though uncommon, 
occurrence of spontaneous regression, this indi-
cation is also debated [3, 45]. A patient with an 
unclear association of symptomatology with his 
AC would likely benefit from interval follow-up 
to elucidate if there is a true correlation between 
the two.

4  Treatment Options

Treatment options may include both observa-
tional follow-up and surgical interventions. 
Conservative management may be the preferred 
treatment course in the cases of asymptomatic 
ACs with interval follow-up with imaging studies 
and clinical exam. Interventions broadly fall into 
one of three categories: CSF diversion proce-
dures, endoscopic fenestration of the AC, and 
microsurgical excision or fenestration of the AC.

4.1  Conservative Management

Taken together, the relatively stable natural his-
tory of ACs with the often non-specific com-
plaints at the time of diagnosis shows a distinct 
role for clinical observation. An incidentally dis-
covered AC should be watched and followed 
clinically in the event of symptom development 
or cyst growth. The patient in whom there is clin-
ical uncertainty as to whether the AC is symp-
tomatic would likely benefit from observational 
follow-up to further elucidate the correlation of 
the symptoms with the AC.

4.2  Microsurgery

Microsurgical intervention can comprise of a cra-
niotomy followed by either cyst fenestration into 
a CSF cistern (subarachnoid space, ventricle, or 
basal cistern) or may be excisional with resection 
of the cyst wall. There are no comparative studies 
assessing differences in recurrence rates or other 
clinical outcomes between cyst excision and cyst 
fenestration. Some authors favor cyst excision 
[17]; however cyst fenestration seems to be the 
more common choice of technique [73, 80]. In a 
2008 survey of international neurosurgical prac-
tices for a symptomatic middle fossa AC, micro-
surgical fenestration was the practicing 
neurosurgeon’s treatment modality of choice 
among all treatment options [80], although there 
is a current trend in the literature toward the use 
of neuroendoscopy.

Microsurgical Approach to Arachnoid Cysts
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Microsurgery has been found to be safe and 
effective in the treatment of ACs in many studies 
with improved clinical and radiological outcomes 
in 79–100% in large case series [31, 37, 46, 68, 
71]. The possibility of shunt independence in 
successfully treated patients is a significant con-
sideration when choosing microsurgical inter-
vention [9, 82]. Compared to endoscopy, 
microsurgical intervention may be favored for 
small ACs or those located over the hemispheric 
cortex [25, 71].

There may be a significant technical advan-
tage in using a microsurgical technique over the 
endoscopic approach. The ability to perform 
bimanual instrument manipulation within the 
working field without compromising the visual 
fields, greater depth perception, and a wider 
visual field are some of the advantages of using 
the operative microscope. There is additionally a 
superior ability to obtain hemostasis [46, 72, 80, 
82]. With the microsurgical technique, the opera-
tor lifts the cyst wall away from the surrounding 
structures before sharply dissecting the wall. 
Thus, there may be an additional value in this 
technique when working in areas where sensitive 
structures are immediately adjacent to the AC [9, 
82], as with the endoscopic technique there is 
blunt dissection of the cyst wall without the abil-
ity to lift the cyst wall up and away from other 
structures when performing the dissection. 
Indeed, Turhan et al., in their retrospective com-
parison study between neuroendoscopy and 
microsurgery for Galassi type II or III Sylvian 
fissure ACs [24], found similar outcomes between 
the two techniques, but based on these technical 
differences, they favored the microsurgical 
approach as the more likely safer methodology 
[82]. Furthermore, the practicing neurosurgeon 
may have greater familiarity and comfort with 
using the operative microscope.

Surgical complications which may be seen 
postoperatively include CSF leak, pseudomenin-
gocele formation [46, 64], meningitis [46], wound 
dehiscence, hemiparesis [64], cranial nerve pal-
sies [29, 37, 46], seizures [46], and persistent 
hydrocephalus [64]. Subdural hygromas may 
occur in 2%–40% of cases [30, 46, 50, 64, 71] 
which may be managed with external drainage or 
require subdural-peritoneal shunt placement [79]. 

Subdural hematomas may also be seen [37, 50]. 
Cyst recurrence and the need for revision surgery 
are some major complications [23, 25, 29, 37, 46, 
50, 64, 71, 90]. In a large review, the revision rate 
after craniotomy for pediatric supratentorial ACs 
was 29%; this was not statistically significant but 
showed a trend toward a lower revision rate versus 
other surgical techniques [9]. The subsequent 
need for CSF diversion after microsurgical fenes-
tration has been reported in anywhere from 4 to 
24.1% of patients [43, 46, 65]. A pediatric series 
of 26 patients with middle fossa ACs treated with 
microsurgical cyst fenestration found younger 
age, progressive cyst expansion before fenestra-
tion, and macrocephaly to be significantly associ-
ated with the need for shunt placement following 
fenestration [43]. Other studies have shown an 
association with an increased need for secondary 
CSF diversion with hydrocephalus at presentation 
[23] or macrocephaly in infants [91]. Silva et al., 
in a case series of 16 pediatric patients with mid-
dle fossa ACs, suggested concurrent shunt place-
ment due to complications with CSF leak, citing a 
trend toward decreased rates of revision surgery; 
however, in those treated concurrently with com-
bined microsurgical fenestration and cystoperito-
neal (CP) shunt placement, 18.75% still needed 
shunt revision [72], which is comparable to the 
reported rates of the need for CSF diversion after 
microsurgery alone.

Other authors have suggested there is a higher 
failure rate in infants [19, 73, 90], and some have 
suggested initial or concurrent CP shunt place-
ment [73]. However, while the risk of needing 
CSF diversion is not insignificant, the compara-
tive effectiveness of the timing of the interven-
tions  – concurrent CSF diversion and 
microsurgical cyst elimination, initial microsur-
gical cyst elimination followed by CSF diversion, 
or CSF diversion followed by microsurgery—has 
not been well defined.

4.3  Neuroendoscopy

In the recent decades, neuroendoscopic cyst fen-
estration has emerged as an interventional modal-
ity which can offer the possibility for definitive 
treatment of an AC and subsequent shunt inde-
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pendence [9]. There have been some studies that 
have suggested that endoscopic cyst fenestration 
may result in lower rates of radiographic improve-
ment in cyst size, yet studies on clinical outcomes 
have not shown either method to be superior [9, 
82]. Success rates for neuroendoscopy as a pri-
mary intervention range from 81 to 91% [20, 25, 
38, 60]. For suprasellar ACs, neuroendoscopy is 
favored [9, 25] due to the ease of access and 
lower rates of injury to the surrounding neural 
structures. Indeed, in a recent meta-analysis by 
Kelly et al., endoscopic ventriculocystocisternos-
tomy was found to have the lowest revision rates 
and best rates of clinical resolution of symptoms 
[40]. Copley et al. also showed good results in his 
case series of intraventricular ACs treated using 
an endoscopic technique [15]. Studies addition-
ally have shown that endoscopic cyst fenestration 
is associated with a shorter hospital stay [9].

There are similar morbidity risks compared to 
microsurgery. Some report morbidity rates may 
be lower than that for microsurgery [58, 60], yet 
other authors have found no significant differ-
ence [9, 71]. As a surgical technique, neuroen-
doscopy has a significant learning curve [46, 72, 
80]. Technical limitations of this technique may 
contribute to morbidity risk in these patients. 
Small or hemispheric ACs may pose a challenge 
for neuroendoscopic techniques, and microsur-
gery may be the preferred technique. As with 
both primary CPS and microsurgery, there is a 
high rate of revision surgery with reported revi-
sion rates ranging from 14.6 to 43% [8, 58].

4.4  CSF Diversion

CSF diversion procedures used in the treatment 
of patients with ACs include direct diversion of 
the cyst with a CP shunt or less commonly a cys-
toventricular shunt [48, 54]. A ventriculoperito-
neal (VP) shunt may be placed, or an endoscopic 
third ventriculostomy may be performed for the 
treatment of hydrocephalus associated with the 
AC.  Subdural peritoneal (SDP) shunts may be 
second-line interventions as treatment for post-
operative subdural hygromas [19, 79]. SDP shunt 
placement as initial treatment for presentation 

with subdural hygromas is controversial [6, 33, 
49].

Drawbacks of CP shunts include life-long 
shunt dependence [42]. Shunt overdrainage [13, 
52], infection, and shunt failure all contribute to a 
high rate of revision surgery [7, 9, 72, 73]. Some 
patients may develop slit-cyst syndrome [72]. 
Reoperation rates for CP shunt when used as the 
index intervention were reported as high as 50% 
in a large meta-analysis; these rates were signifi-
cantly higher than those for either endoscopic 
intervention or microsurgery, although there was 
determined to be no difference in quality of life 
among all techniques at 5 years [9].

Direct diversion of the cyst into the peritoneal 
cavity is sometimes used as a first-line interven-
tion and can be associated with cyst size reduction 
and symptomatic improvement [7, 14, 17]. Some 
authors have proposed a combined initial approach 
of microsurgical cyst fenestration and CP shunt 
placement [65, 72]. Due to these above complica-
tions, other authors argue that CP shunt placement 
should be the last recourse treatment [42, 82]. 
Additionally, certain cyst locations may not be 
amenable to shunt placement due to difficulty of 
access and risk of injury to the surrounding neural 
structures during CP shunt placement [8].

4.5  Choice of Treatment Modality

For the AC patient who is deemed a surgical can-
didate, a number of factors may influence the 
neurosurgeon’s choice of surgical intervention. 
These include patient age, cyst size and location, 
risks associated with intervention, and surgeon 
preference or comfort with technique [73]. A 
summary comparing the advantages and disad-
vantages of various surgical interventions for 
ACs is listed in Table 1.

The optimal treatment algorithm for the 
patient with a symptomatic AC has yet to be 
defined. Creating one is limited by the quality of 
the available data as most of the literature is 
based on small retrospective studies. Larger case 
series have not shown significant differences in 
reoperation rates, morbidity rates, or rates of 
symptomatic improvement [9, 82].
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Table 1 Comparison of surgical interventions

Intervention Advantages Disadvantages
CSF diversion Technically less 

demanding
Shunt dependent
High revision rate

Endoscopic 
fenestration

Shunt 
independent
Decreased 
hospital stay
Better for 
suprasellar ACs

Difficult to access 
small 
hemispheric or 
temporal cysts
Learning curve

Microsurgery Shunt 
independent
Can access 
structures not 
amenable to 
endoscopy

Longer hospital 
stay

5  Conclusion

ACs are clinical entities that are seen not infre-
quently by practicing neuroradiologists, neurolo-
gists, neurosurgeons, primary care providers, and 
emergency medicine providers. Conservative 
management may be the preferred treatment 
course in the cases of asymptomatic ACs with 
interval follow-up with imaging studies and clini-
cal exams.

Correlation of patient symptoms with ACs can 
be a diagnostic challenge in many circumstances. 
Symptomatic ACs may benefit from an appropri-
ately selected surgical intervention. To date, no 
clear treatment modality is clearly superior to 
other methods. Patient age, cyst location, and sur-
gical morbidities may all play a role in dictating 
the choice of treatment. In the appropriate patient, 
microsurgical cyst excision or marsupialization 
is an effective surgical option with good clinical 
and radiographic outcomes. Where there is clini-
cal equipoise in the choice of technique, a 
detailed discussion of therapeutic options with 
the attendant benefits and risks of each should be 
undertaken with the patient. Additionally, there is 
a clear need for future prospective studies to bet-
ter delineate both the indications for therapeutic 
intervention and to further investigate which sub-
set of patients may respond best to microsurgical 
treatment or another therapeutic modality.
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Shunt Placement for Arachnoid 
Cysts

Kemal Ertilav and Ali Serdar Oğuzoğlu

1  Introduction

Arachnoid cysts (ACs) are benign, congenital, 
non-neoplastic, extra-axial, fluid-filled intra- 
arachnoidal lesions similar to cerebrospinal fluid 
(CSF). These are the most common intracranial 
cysts and constitute 1% of intracranial space- 
occupying lesions [19, 12]. Primary ACs are con-
genitally formed by the collection of CSF 
between the arachnoid layers [24, 18, 13]. 
Although ACs can be seen at any age, 75% of 
them are seen in children. The male/female ratio 
is 3:1 [33]. In secondary ACs, CSF is trapped 
within the arachnoid scar tissue after trauma, 
bleeding, chemical irritation, tumor, or inflam-
matory events. Thus, the fluid within the cyst 
may be stained with hemosiderin and contain 
inflammatory cells [18, 26]. Histopathologically, 
it consists of a simple single layer of arachnoid 
cells in a vascular collagenous membrane con-
tinuous with the arachnoid layer. The cyst, which 
is filled with a clear fluid resembling CSF, can 
sometimes be xanthochromic, proteinous, or 
hemorrhagic. Secondary ACs may show histo-
pathologically prior inflammatory changes such 
as gliosis and hemosiderin in the wall. In addi-
tion, they may carry loculated and/or protein con-
tent depending on the underlying pathological 
processes [14]. Apart from this, ACs may be 

associated with some congenital anomalies such 
as corpus callosum agenesis, and sometimes they 
can be seen bilaterally in siblings or the same 
child [1].

Ninety percent of ACs are located in the supra-
tentorial compartment of the brain, and the rest 
are located infratentorially. Forty-nine percent of 
the supratentorial cysts are located in the middle 
cranial fossa and the Sylvian fissure. Some ACs 
completely fill the temporal fossa and extend to 
the frontal cortex. Other localization areas 
include the convexity, interhemispheric area, and 
sellar, suprasellar, and intraventricular region. 
Those located in the posterior fossa are found in 
the ponto-cerebellar corner, vermis, supra- and 
intra-cerebellar hemispheres, and clival and 
interpeduncular areas [11, 28, 29]. Most ACs, 
especially those with supratentorial localization, 
are asymptomatic. Symptomatic lesions, on the 
other hand, may show various symptoms depend-
ing on the location, size, and effect on CSF circu-
lation [21]. Approximately 75% of intracranial 
ACs occur before the age of 3 years. Some are 
asymptomatic for life. Those with Sylvian fis-
sures usually present with an intracranial pres-
sure syndrome accompanied by nausea, vomiting 
and papilledema, and headache symptoms. The 
most common symptom is an epileptic seizure. 
The seizure may be focal, partial, or generalized. 
In many cases, the etiology of the seizure is 
unknown. Massive midline shift can lead to 
chronic herniation, midbrain compression, and 
hemiparesis [15, 18, 33]. Midline posterior fossa 
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cysts most often present with obstructive hydro-
cephalus findings. Ataxia and cranial nerve 
pathologies are among the rare findings [22, 31]. 
Suprasellar cysts usually cause hydrocephalus by 
extending into the third ventricle or by obstruct-
ing the aqueductus sylvii [17]. Bobble-head doll 
syndrome is seen in suprasellar ACs [10, 32]. In 
this syndrome, rhythmic, non-voluntary, forward, 
and backward rocking head movements are 
observed two or three times per second. 
Suprasellar cysts may also cause bitemporal 
hemianopsia or visual acuity abnormalities [17]. 
In intrasellar ACs, endocrinopathy findings such 
as precocious puberty, hypopituitarism, and 
growth retardation may be observed. This condi-
tion should be differentiated from Rathke’s cleft 
cysts [22]. In interhemispheric cysts, signs of 
increased intracranial pressure can be observed 
in varying degrees. In addition, growth retarda-
tion, hyper- or hypotonia, hemiparesis, ocular 
changes, and epilepsy may occur. Convexity ACs 
usually present with headache and epileptic sei-
zures. Cranial asymmetry may be detected, and 
transillumination testing may reveal the cyst [22].

2  Diagnosis

Recently, an increasing number of diagnoses of 
intracranial ACs have been made by prenatal 
ultrasonography. This method is a noninvasive, 
inexpensive diagnostic method and an effective 
screening tool, especially for cerebral malforma-
tions [27].

Computed tomography (CT) has become the 
standard neuroimaging technique for the detec-
tion and characterization of AC over time. The 
cyst is seen as a hypodense lesion with attenuation 
values similar to the CSF on CT.  Contrast-
enhanced series can be obtained to differentiate 
ACs from cystic tumors. The cyst wall is distin-
guished by a lack of contrast enhancement [3, 31].

Recently, magnetic resonance imaging (MRI) 
has become the standard neuroimaging technique 
for the detection and characterization of all ACs, 
particularly posterior fossa cysts [8, 30]. MRI is 
the preferred imaging modality because it pro-
vides information in three planes, eliminates bone 

artifact, and helps in planning surgery. In addition, 
it may show anomalies such as agenesis of the cor-
pus callosum or aqueductal stenosis. The differen-
tial diagnosis of ACs, including epidermoid tumor, 
which is most frequently confused with diffusion 
MRI, can be made [3, 31]. Galassi et al. made a 
classification according to the appearance of ACs 
in the Sylvian fissure. Type I cysts are small len-
ticular cysts in the Sylvian fissure, anterior pole of 
the middle fossa, and posterior to the sphenoid 
wing; they do not cause mass effect and midline 
shift. Type II cysts appear rectangular and involve 
the middle and proximal aspect of the fissure out-
side the insular cortex. There is minimal midline 
shift [3]. Type III cysts are large lenticular-shaped 
lesions and usually cause shift in the midline. Type 
III includes the entire Sylvian fissure. These cysts 
almost completely cover the temporal fossa and 
have a large cerebral hemisphere area separating 
the Sylvian fissure opercle. The temporal lobe is 
severely atrophic, and both the frontal and parietal 
lobes are greatly compressed so that most of one 
side of the cranial cavity can be occupied. A strik-
ing mass effect is the rule. The ventricles and mid-
line structures are markedly and sometimes 
extremely distorted and pushed to the opposite 
side. Cranial deformities and angiographic patho-
logical changes are consistently present and very 
prominent [3].

3  Conservative Treatment

Although there is no consensus in the literature, 
there are studies showing that ACs in different 
localizations go into spontaneous resolution or 
regression with a conservative approach [23]. A 
conservative approach is generally recommended 
in asymptomatic patients. If an asymptomatic AC 
patient is to be followed up conservatively, the 
patient should be followed at regular intervals 
(every 6 months for the first 2 years) with cranial 
CT and/or MRI. If the cyst is stable after 2 years, 
follow-up should be continued at 1-year intervals 
[7]. Especially, middle cranial fossa cysts may 
show an increase in intracystic hemorrhage and 
mass effect as a result of spontaneous hemor-
rhage or trauma. Since the widespread opinion 
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exists that intracystic hemorrhage and increased 
mass effect require surgery, it would be appropri-
ate to inform the relatives of the patients about 
the possible symptoms [20].

4  Surgical Treatment

The most important factor affecting the success 
of the surgical treatment of ACs is to choose the 
correct indication. Clinical and radiological find-
ings, cyst location, age, and cyst size should be 
evaluated in detail. Clinical findings include 
headache that cannot be explained by other 
causes accompanied by a large radiologically 
detected cyst, hydrocephalus due to cyst obstruc-
tion of the ventricles, endocrinological and visual 
disturbances due to cyst compression, and epilep-
tic seizure due to compression. Radiologically, 
effacement of the subarachnoid spaces due to the 
mass effect of the cyst can be observed. Cyst 
location is extremely important in terms of surgi-
cal decision-making.

Cysts located in the sellar-suprasellar area and 
quadrigeminal cistern can be treated early, espe-
cially in the developmental period, in order to 
prevent endocrine and visual symptoms.

In cysts located in the posterior fossa, close 
follow-up may be required as it may cause 
obstructive hydrocephalus. It should be kept in 
mind that temporally located cysts may cause sei-
zure formation and interhemispheric and cortical 
located cysts may cause seizure formation and 
clinical findings due to corpus callosum com-
pression [6]. In patients who do not show 
increased intracranial pressure and focal neuro-
logical signs, follow-up with CT or MRI is a 
valid management plan [16].

The main purpose of the surgical treatment of 
ACs can be summarized as connecting the cyst 
content with the CSF pathways or evacuation of 
the cyst content into other body cavities.

The main methods that serve this purpose are 
as follows: In addition to cystoperitoneal (CP) 
and ventriculoperitoneal (VP) shunt placement, 
fenestration is provided between the cyst and the 
cisterns or ventricles by craniotomy or endo-
scopic intervention. In this section, we will talk 

about CP shunt placement in the surgical treat-
ment of ACs. Cyst location is important in deter-
mining the surgical technique. In the company of 
current technological developments, endoscopic 
fenestration and microsurgical fenestration have 
become more widely and successfully used com-
pared to placing shunt systems.

Especially in suprasellar cysts, the endoscopic 
technique is more advantageous than microsurgi-
cal fenestration and shunt placement with a high 
success rate (92.5%) [4, 11]. Similarly, the endo-
scopic technique is more widely used in the treat-
ment of deeply located cysts such as in the 
quadrigeminal cistern. In the treatment of ACs of 
Sylvian origin, it was emphasized in a study that 
the most common clinical remission method was 
CP shunt placement (96.8%) [2] (Figs. 1, 2 and 
3). The success rate of shunt surgery in convexity 
and interhemispheric ACs has been reported to be 
100% [5].

Approximately 90% of ACs are detected in the 
supratentorial area, and if there is no ventricular 
enlargement in supratentorial ACs, a CP shunt 
alone is an extremely effective treatment method. 
However, if supratentorial ACs are accompanied 
by hydrocephalus, it is more appropriate to con-

Fig. 1 Preoperative axial computed tomography (CT) 
image of galassi type 2 AC patient
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Fig. 2 Early postoperative axial CT image of galassi type 
2 AC patient

Fig. 3 Postoperative late axial CT image of galassi type 2 
AC patient

nect the cyst and the ventricles with a “Y” con-
nector and insert a VP shunt. In cases where 
shunt surgery will be performed, the option of 
evacuation of cyst and ventricular contents 
together via “Y” connector should not be forgot-
ten, as well as VP shunt or CP shunt options. It 
should also be noted that shunt surgery options 
have disadvantages such as making the patient 
shunt dependent, infection, shunt dysfunction, 
excessive drainage, and repeat surgery. Shunt 

occlusion and the need for repetitive operation, 
slit ventricular condition due to excessive drain-
age, shunt dependence syndrome, and subdural 
hemorrhage are rare but serious complications of 
shunt placement for ACs.

Recently, a high-pressure valve or a flow- 
controlled shunt has been used, especially to pre-
vent excessive drainage problems. Achieving a 
shunt-free state should be the ultimate goal for all 
shunted patients [9, 25].

5  Conclusion

Optimal treatment of ACs is a frequently dis-
cussed and renewed issue depending on current 
technological developments and especially the 
continuous development of endoscopic systems. 
However, a CP shunt combined with a VP shunt 
remains currently a safe and effective method, 
especially for the treatment of supratentorial 
cysts accompanied by hydrocephalus.
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Stereotactic Internal Diversion 
of Arachnoid Cysts

Elias Rizk

1  Introduction

Arachnoid cysts (ACs) are non-traumatic, cere-
bral spinal fluid masses in the arachnoid mem-
branes (Fig.  1). These masses are the most 
commonly found intracranial cysts and account 
for about 1.5% of all intracranial lesions [9, 12]. 
The cytology of the ACs has been an unclear and 
controversial issue. However, in several reports, 
ACs are demonstrated as liquid masses sur-
rounded by the arachnoid membrane [1]. The 
fluid usually is present within the margins of 
cerebral spinal fluid, such as in the Sylvian fis-
sures, suprasellar, quadrigeminal, posterior- 
infratentorial cisterns, and cerebellopontine 
angle [20]. It has been proposed that these cysts 
primarily formed from the splitting and duplica-
tion of the arachnoid endomenix. Commonly the 
arachnoid endomenix develops into pia and 
forms the arachnoid and subarachnoid space 
[23]. The ACs are distinguished from the pia and 
cortex within the subarachnoid space. This space 
is a transparent and thin region containing blood-

containing vessels spread around the whole 
brain. The expansion of cysts, especially during 
the stages of development, can be due to multi-
ple reasons [48]. Yamanouchi et al. proposed that 
the cyst’s growth is linked to the difference in 
cerebrospinal fluid pressure or may be due to the 
one- directional ball-valve process [28]. Kusaka 
et  al. postulate that the expansion results from 
the oncotic gradient that is caused due to the 
increased concentration of protein inside the 
cysts. However, Yamanouchi et al. [48] discussed 
the secretory ability of membrane proteins, 
which can potentially be the cause of cyst 
expansion.

ACs can be classified as congenital, also called 
true ACs. The congenital ACs occur due to 
embryonic abnormalities [10]. The second class 
is the secondary ACs, also known as acquired 
cysts. Secondary ACs usually result from the 
sequestration of cerebral spinal fluid due to sev-
eral processes such as inflammation, trauma, 
tumors, and hemorrhage [1]. Most ACs are 
asymptomatic, benign, and found incidentally on 
brain images for various conditions [4]. Many 
theories proposed the genesis and agenesis of the 
ACs in the brain [10, 22]. The smaller ACs usu-
ally exhibit no symptoms, but larger cysts such as 
supratentorial, posterior fossa, and suprasellar 
cysts can present with headaches, neurologic 
dysfunction, and seizures [19, 24, 27]. As a mat-
ter of fact, more than two-thirds of symptomatic 
patients with AC(s) show a common headache 
symptom [24].
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a b

Fig. 1 A computed tomography (CT) image of a patient 
suffering from an arachnoid cyst (ACs). (a) shows the pre- 
operative condition indicating an AC located in the middle 

fossa. (b) shows the CT scan after 18 months of surgery-
based removal of an AC

2  Prevalence of Arachnoid 
Cysts

With the increased use of imaging techniques 
such as magnetic resonance imaging (MRI) and 
CT, diagnosing ACs has become prevalent [47, 
50]. ACs are more prevalent in males than 
females and are reported more often in the mid-
dle fossa [25]. ACs in the intracranial region 
may lead to cranial abnormalities or increased 
head size, seizures, cognitive disorders, hydro-
cephalus, headaches, and other neurological 
disorders like visual and cerebellar abnormali-
ties [4]. An accurate understanding of the nature 
and prevalence of ACs can lead to better identi-
fication and patient selection for surgical pur-
poses. Several clinical case series proposed that 
ACs can be treated surgically with fenestrations 
based on endoscopy techniques [41, 49], crani-
otomy [29, 41], or placement of shunts [38]. 
Each of these operative techniques is linked 
with a morbidity and/or mortality potential [14, 
37, 43]. Around 30–60% of the patients suffer-
ing from symptomatic ACs exhibit signs and 

symptoms of hydrocephalus [34]. Patients 
younger than 2 years of age are more prone to 
macrocephaly than other symptoms [46]. 
Sommer et  al. report that the cause and effect 
linkage with ACs is weaker with the signs such 
as aphasia, headaches, and attention deficiency 
disorder [42]. Sometimes, when the ACs rup-
ture, they may develop intracranial hypertension 
and subdural hygromas [2]. A direct linkage 
between the ACs and the abnormal flow dynam-
ics of cerebrospinal fluid has been observed. 
Several reports also describe other presentations 
including subdural hygroma [14], cerebral spi-
nal fluid leakage [37], subdural hematoma and 
empyema [24], pseudomeningocele, meningitis 
[43], spasticity [37], hydrocephalus, seizures, 
and cranial nerve palsy [48]. Other reports 
describe the occurrence of impaired autoregula-
tion secondary to ACs. This could be due to the 
cyst interfering with the normal flow of cerebral 
blood and its perfusion [40]. The cerebral perfu-
sions are also responsible for the initiation of 
papilledema and headaches especially after the 
operation.
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It is important to mention that some reports 
suggest the disappearance of ACs over time, 
especially those associated with head injury [33]. 
In addition, some reports showed the spontane-
ous disappearance of ACs without head injury. 
The proposed mechanism of this natural recovery 
is the breakage of the inner and outer arachnoid 
membranes that may facilitate the absorption of 
its content [48]. However, the spontaneous cyst 
resolution after the injury of the head and its rela-
tion with the direct absorption through the cyst’s 
wall is still under debate.

3  Treatments of Intracranial 
Arachnoid Cysts

Treating ACs could be fraught with multiple 
needs for another surgery [24, 30, 41]. The pref-
erence for one surgical treatment over another is 
under debate. Despite the risk of complications, 
many authors suggest that the surgical treatment 
of ACs exhibits apparent symptoms [25]. Leon 
et al. report that the prevalence of headaches and 
seizures after the surgical removal of ACs remains 
increased [13, 29]. Some clinicians also propose 
monitoring intracranial pressure as a feasible tool 
to select the patient for surgical treatment [31]. 
Others demonstrated the feasibility of using the 
single-photon emission computed tomography 
(SPECT) imaging of cerebral blood flow to iden-
tify the need for surgical treatment [45].

A report by Tamburrini notes that 31.1% of 
the surgeons recommended surgery for patients 
with psychomotor delay, 13.3% recommended 
prophylactic treatment, 35.5% suggested surgery 
for patients showing signs of headaches, and the 
remaining 17.7% of surgeons considered surgery 
for the Galassi type 2 or more Sylvian cysts. In 
short, better knowledge of the nature and preva-
lence of ACs can lead to more accurate surgical 
decisions. Al-Holou conducted research on 11 
patients for 3.5 years and emphasized the avoid-
ance of surgical treatment until the ACs became 
symptomatic [4]. He further elaborated that an 

increase in the size of cysts despite symptoms 
also doesn’t indicate the need for surgical treat-
ment. The earlier clinical symptoms of the patient 
offer a direct link between the cysts and the 
choice of surgery. Zada et al. proposed that the 
extent of cyst development and its relation to the 
ventricular space exhibits another significant risk 
factor in predicting the need for shunt placement 
[50]. Other safe options are endoscopic and cra-
niotomy fenestrations [17, 21].

4  Craniotomy Fenestration 
to Treat Arachnoid Cysts

A craniotomy exposes the AC for direct fenestra-
tion. Neurosurgeons open the cyst and fenestrate 
its contents into the subarachnoid space. Sixty 
percent of patients have a notable improvement 
following adequate fenestration [39]. Cyst fenes-
tration offers an advantage regarding the inde-
pendence of shunt placement needs [32]. Yang 
et al. conducted a retrospective study on patients 
less than 2 years of age [49]. A craniotomy was 
performed to fenestrate the cyst, and the results 
discussed the efficacy of surgical interventions 
depending on the symptoms. However, there are 
associated inherent risks with open craniotomy 
and cyst fenestration. Some authors [6] reported 
the prevalence of intraparenchymal hemorrhage 
as a rare complication occurring while treating 
ACs through open fenestration. Others reported 
that cyst excision has also been associated with 
intracranial hemorrhage. It has been proposed 
that reperfusion injury is due to the dysfunction 
of cerebrovascular autoregulation. Seemingly 
slow but continuous cyst decompression may 
reduce complications [36]. Cerebral infarction is 
also a notable complication following craniot-
omy and cyst fenestration [5]. Figures  2 and 3 
show an ipsilateral hemorrhagic in an 18-year- 
old female patient who underwent craniotomy 
fenestration to remove ACs. Other complications 
include the development of subdural hygromas 
requiring further treatments [41, 44].
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Fig. 2 Intraoperative photographs 
of ACs, a visual representation of 
opticocarotid cistern. The upper 
image shows condition before 
fenestration procedure, while the 
lower image represents condition 
after fenestration procedure [5]

Fig. 3 Images from CT providing evidence for the vari-
ous foci of intraparenchymal hemorrhage resulting after 
fenestration of cysts. The upper image is the representa-

tion of the axial region, while the lower image shows the 
coronal part after the operation [5]
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5  Endoscopic Fenestration 
for the Treatment 
of Arachnoid Cysts

Endoscopic fenestration is an effective and safe 
treatment to treat suprasellar ACs [43]. This has 
also been suggested as a surgical treatment for 
spinal ACs to decrease the risk of multiple lami-
nectomies that can cause kyphotic deformity, 
requiring spinal fixation [18]. Endoscopic fen-
estration is a technique to reduce the risks of 
open cranial surgery [7]. Several reports favor 

endoscopic fenestration, suggesting it is an 
effective and safe procedure [15, 26]. Drawbacks 
of endoscopic fenestration include insufficient 
fenestration due to the vascularity of the mem-
brane of the ACs and the shortcomings related 
to the rigidity of the endoscope. Papadimitiou 
reviewed the potential for endoscopic fenestra-
tion to treat spinal ACs [35]. The author pro-
posed an opening at the caudal and cranial end 
of the spinal AC, followed by a minor dural 
opening to insert the endoscope and drain and 
divert the fluid (Fig. 4).

Fig. 3 (continued)
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Fig. 4 Magnetic resonance imaging (MRI) micrographs 
of a patient undergoing endoscopic fenestration for the 
treatment of spinal ACs. (a) and (c) represent the sagittal 

MRI view, and (b) and (d) represents the MRI axial view. 
The patient experienced improvement after the treatment 
[35]

6  Shunt Placement 
for the Treatment 
of Arachnoid Cysts

Diverting shunts divert extra cerebrospinal fluid 
to alleviate increased intracranial pressure. 
Shunting procedures typically have a lower risk 
than cyst fenestration [25]. Drainage of the AC 
using a stereotactically placed burr hole is practi-
cal and straightforward. Shunt placement is pro-
posed as a simple surgical treatment with reduced 
mortality, morbidity, and recurrence rates. 
Ciricillo compared the efficacy of fenestration 
treatment of children suffering from ACs with 

shunt placement [11]. In his cohort, fenestrated 
patients did not show clinical improvement. 
However, patients treated with shunt placement 
showed significant improvement. In another 
study by [38], the comparison between shunt 
placement and fenestration was compared. The 
authors reported 34 cases of ACs and found that 
24% of the cases required shunt placement after 
being treated with cyst fenestration. However, a 
41.7% revision rate was noted in patients treated 
through shunt placement. Stereotaxy is quickly 
becoming the gold standard with the adequate 
placement of catheter for the successful treat-
ment of ACs.
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Nevertheless, various researchers support 
shunt placement due to its outcomes despite the 
increased number of revisions [8, 16]. Alexiou 
et al. also demonstrated their confidence in shunt 
placement as an effective and safe surgical tech-
nique due to its significant outcomes, especially 
in children, such as rapid relief of the symptoms 
and reduction in the ACs size [3].

7  Conclusion

The literature review shows a need for further 
research reviewing various treatments of ACs. In 
addition, controversy remains regarding the ade-
quate treatment of ACs effectively. Thus, further 
research and studies are required to determine 
which of these procedures are better for patient 
care.
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Endoscopic Approach 
to Arachnoid Cysts

George W. Koutsouras, Maham Ahmed, 
and Zulma Tovar-Spinoza

1  Introduction

Arachnoid cysts (ACs) are confined collections 
contained within a capsule of arachnoid mater 
that lack communication with the cerebral ven-
tricular system. Patients are generally asymptom-
atic from these lesions that are discovered 
incidentally on brain imaging. The prevalence of 
ACs has increased with the increasing use of neu-
roimaging such as MRI and CT, with a reported 
prevalence of 1.4% comprising 1% of all intra-
cranial masses [3]. The prevalence is reportedly 
higher in children at 2.6% and has a female pre-
ponderance in the adult population [23]. Of those 
reported, 5% are symptomatic, and of those up to 
75% are pediatric cases. When symptomatic, sur-
gical options for their management include open 
fenestration and endoscopic fenestration. We dis-
cuss the indications, considerations, and tech-
nique of the endoscopic intervention for ACs.

2  Pathophysiology

While most ACs are congenital, as they formed by 
the in utero division of the arachnoid layer, creating 
a space for the fluid to collect, secondary ACs may 

also occur. These are typically associated with 
trauma, infection, surgical intervention, and bleed-
ing. Histopathological analysis dictates the deriva-
tion of the cyst walls from splitting of the arachnoid 
membrane with the presence of an inner and outer 
leaflet but the absence of an epithelial lining and a 
lack of vasculature along the cyst wall [13, 26].

Most ACs are asymptomatic and discovered 
incidentally on brain imaging. Symptomatology 
is dependent on the size and location of the cyst 
(Table 1). Larger-sized cysts are more likely to be 
symptomatic due to local mass effect on neuro-
vascular structures and the brain parenchyma and 
alterations in CSF flow. In contrast, smaller cysts 
are typically clinically silent. Most cysts remain 
stable in size, while a minority may shrink or 
enlarge in size over time during observation. 
While the exact mechanism for size alterations is 
unknown, several plausible theories have been 
proposed. These include (a) the continued CSF 
production by cells lining the cyst wall, (b) diffu-
sion of fluid down the electrochemical gradient 
from surrounding vasculature to the cyst interior, 
and (c) the ball-valve mechanism allowing for 
fluid entrapment within the cyst [10, 14].

While they may occur anywhere there is 
arachnoid mater, the location of ACs is organized 
into anterior cranial fossa, middle cranial fossa, 
cerebral convexity, interhemispheric, supracere-
bellar, retrocerebellar, cerebellopontine angle 
(CPA), ambient cistern, quadrigeminal cistern, 
brain stem, craniospinal junction, and along the 
spine (Fig. 1) [23, 29]. Most cysts are in the mid-
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Fig. 1 Common locations of ACs. Common locations of 
ACs are depicted (violet): A = anterior cranial fossa, B = 
middle cranial fossa, C = Sylvian fissure (middle cranial 
fossa), D = convexity, E = parafalcine, F = interhemi-

spheric, G = sellar/suprasellar, H = quadrigeminal cistern, 
I = skull base, J = supracerebellar, K = retrocerebellar, L = 
cisterna magna, M = cerebrospinal junction

Cyst location Common symptoms Considerations
Middle cranial fossa Epilepsy Sylvian fissure vessels

Opticocarotid recess
Suprasellar (prepontine) Hydrocephalus

Panhypopituitarism
Ocular disturbance
Head bobbing

No diathermy; cranial 
nerves, rain stem, 
pituitary gland, basilar 
artery
VCC or VC

CPA/posterior fossa Vertigo
Sensorineural 
hearing loss
Nausea

Lower cranial nerves
Brain stem; CC

Quadrigeminal Hydrocephalus VC; transient diabetes 
insipidus

Intraventricular Hydrocephalus VC with cisternostomy or 
VC alone

Para-axial/interhemispheric 
supratentorial

CV

Spinal Backache
Fluctuating leg 
weakness

Thoracic (most 
commonly); open

ICA interval carotid artery, VCC ventriculocystocisternostomy, VC ventriculocystos-
tomy, CC cystocisternostomy, CV cystoventriculostomy

Table 1 Cyst location, 
symptomatology, and 
surgical considerations

G. W. Koutsouras et al.
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dle cranial fossa, followed by retrocerebellar, 
cerebral convexity, and CPA regions. Most com-
monly symptomatic cysts are those located in the 
suprasellar region, presenting with endocrine 
abnormalities due to disruption of the 
hypothalamic- pituitary axis or symptoms due to 
impingement of the optic pathway in the near 
vicinity. The initial clinical presentation is 
 typically not associated with cyst location- 
specific symptoms but rather non-specific ones, 
including nausea, vomiting, macrocrania, visual 
disturbances, and unsteadiness; this may delay 
considering a CNS abnormality until imaging 
studies are obtained. Nevertheless, the most com-
monly reported symptoms are headache and sei-
zures, while some specific localization symptoms 
may also present, as reported in Table 1 [24].

Brain imaging is the ideal method for diag-
nosing an AC. MRI is the imaging modality of 
choice because it allows for the determination of 
size, location, and involvement of structures 
located near the cyst. An MRI may also allow for 
a broad differential diagnosis refinement, includ-
ing epidermoid cyst, dermoid cyst, abscess, 
metastasis, and other cysts. In each sequence, the 

AC follows CSF signals, with a characteristic 
thin wall and lack of enhancement from inflam-
mation allowing for differentiation from other 
pathologies [27, 30, 31].

3  History of Neuroendoscopy

Figure 2 describes the historical timeline of neu-
roendoscopy. Maximilian Nitz is accredited with 
the creation of the first endoscope in 1879, a 
device for enhanced illumination with a relatively 
larger visual field due to a light source at the tip 
of the scope and telescoping optics technology 
[1]. Endoscope technology was utilized in neuro-
logical surgery for the first time in 1910. Prior to 
this, it had been advanced through various fields 
of medicine, including gastroenterology, urology, 
pulmonology, and obstetrics and gynecology. In 
fact, its first application in neurosurgery was by 
Victor Lespinasse, a urologist at the Wesley 
Hospital in Chicago, USA, in 1910 [1, 2]. He 
used the cystoscope to perform a bilateral fulgu-
ration of the choroid plexus to treat hydrocepha-
lus in an infant duo.

Dandy
reports an
unsuccessful
endoscopic
choroid
plexectomy

Putnam
reports
endoscopic
choroid
plexectomy
with a 41% 
success in
terms of
symptom
relief

Forestier and
colleagues report
use of a scope
with external
light source and
light
transmission
through a quartz
rod to the distal
end of the scope

Guiot describes
an endoscope
developed for
intracranial
interventions,
with a powerful
external light
source allowing
for colorful
imaging

Jones and
team report a
50% shunt-
free success
rate of ETV
in hydrocephal
us patients

Oberlander
describes the
first use of a
scope in
treatment of
post-gonorrheal
strictures

Nitz is the first
to describe a
system with a
series of lenses
and a glowing
platinum-wire
located distally
for

1805

Bozzini develops
an instrument
with concave
mirrors reflecting
candlelight to
examine the
bladder and
rectum. The
“magic lantern”
is rejected by
scientists and
Bozzini is
censored

Newman refines
the Nitz scope by
substituting a
small light bulb
for the heat-
generating
platinum wire

Lespinase
reports the
first use of a
scope in
fulguration of
choroid plexus
in an infant
duo

Mixter reports
the first
successful
endoscopic
third
ventriculostomy
(ETV),
although it was
not accepted by
the fellow
surgeons

History of Neuroendoscopy

Hoffman
constructs a
new
endoscope
replacing the
air tube with
a glass one,
increasing the
illumination
nearly 10 fold

Hopkins and
Kappany publish
about the use of
fiber optics in
flexible
endoscopes with
coating of the
fibers described
for minimization
of loss of
illumination and
image quality

Vries describes
technically
successful ETV
in 5 patients,
although each
patient required
a shunt

Neuroendoscopy
is used for
various
interventions
from
hydrocephalus
treatment to
tumor biopsy and
resection, and
cyst fenestration

1879 1883 1887 1910 1922 1923 1943 1950 1952 1954 1963 1978 1990 2021

Fig. 2 Evolution of neuroendoscopy
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While Lespinasse merely presented his work 
in a local gathering and did not publish it for-
mally, in 1918, Walter Dandy published his tech-
nique of ventriculostomy and choroid plexus 
extirpation following his understanding of CSF 
dynamics from his work with Kenneth Blackfan. 
Although his original technique was unpolished, 
it required the drainage of the entire volume of 
CSF before ligation and removal of the choroid 
plexus. Dandy published an update on the tech-
nique in 1922, where he described it as choroid 
plexectomy via cystoscopy through the lateral 
ventricles. Following that, in 1923  W.  Jason 
Mixter published the first report of an endoscopic 
third ventriculostomy (ETV) with the use of a 
urethroscope in an infant with non- communicating 
hydrocephalus, although his contemporary col-
leagues did not highly regard his work and the 
limitations of his equipment did not abet his 
claims. Over a decade later, John Scarff at 
Columbia University performed the same proce-
dure utilizing an improved endoscope with an 
opening tip, built-in electrocautery, and an irriga-
tion system that maintained the patency of the 
ventricular system. He achieved significant 
symptom reduction in the patient initially until 
their rapid decline, and the autopsy exposed the 
necessity for a larger incision rather than a minor 
puncture at the floor of the third ventricle for a 
successful procedure.

The fifth and sixth decades of the twentieth 
century brought about a period of pause in neuro-
endoscopy, as shunting and microsurgery gained 
popularity for the same procedures with a signifi-
cant procedure success rate and a low mortality 
rate [1]. In 1949, Frank Nulsen and Eugene Spitz 
successfully treated hydrocephalus via a rubber 
tubbing shunt that bypassed the CSF into the 
venous system. Following that, the advent of 
microsurgery in 1960 further pushed neuroen-
doscopy into the background. Microsurgery was 
equipped with the two factors absent in endos-
copy, namely, the ability to work in deep brain 
structures without the concern for significant 
damage to brain tissue and having high magnifi-
cation and ample illumination. Publications on 

neuroendoscopy were sparse during this time due 
to the prevalence of other more efficient tech-
niques. Meanwhile, pioneering scientists worked 
on the development of components of the novel 
endoscope that would soon revive neuroendos-
copy without the limitations of its predecessors. 
Holter Hopkins, a British optical physicist, 
invented variable refractive lenses, deducing that 
a glass rod with interspersed air lenses may allow 
for a greater field of vision and illumination (up 
to ten times that of its predecessor) as compared 
to the air rod with glass lenses of previous endo-
scopes. This rod-lens system forms the basis of 
the present-day rigid endoscope. In 1969, George 
Smith and Willian Boyle invented the charged- 
couple device as a component of the novel endo-
scope, which converted optical stimuli to 
electrical impulses allowing for image capturing 
with improved quality and further miniaturiza-
tion of the technology. The device was perfect for 
use in low-illumination environments with high 
sensitivity to light. Finally, from the initial advent 
of fiber optics in the 1950s until their improve-
ments in the 1970s, it allowed for the use of pow-
erful light sources placed distally in the scope 
and transmitted efficiently to locations of interest 
without a loss of luminescence. With the compo-
nents of enhanced resolution video capturing and 
significantly improved illumination and visual 
field magnitude via advanced optical systems, 
interest in neuroendoscopy was revived anew.

The first report of neuroendoscopy for AC fen-
estration was reported by Pierre-Kahn and his 
team in 1990 [21, 22]. The French Hospital 
Necker group of surgeons analyzed 20 cases of 
ACs treated in their institution between 1972 and 
1988. The earlier cases utilized stereotactic guid-
ance for cyst fenestration followed by shunting 
but later evolved to ventriculoscopy for the last 
four cases. The surgeons concluded that the pro-
cedure was a feasible alternative and advanta-
geous in its ease of perforation with the coagulator 
and avoidance of requiring radiological equip-
ment [21]. An increasing use of neuroendoscopic 
fenestration for AC was reported since then and 
onward to the 2010s.

G. W. Koutsouras et al.
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4  Surgical Indications

Asymptomatic ACs are typically monitored for 
the development of symptoms and with serial 
imaging. Most long-term follow-up cases 
describe the lesion’s stability, while a minority 
may show the development of new symptoms 
based on mass effect or hydrocephalus. Rarely, 
cyst rupture may occur spontaneously or due to 
trauma, resulting in a subdural hygroma or hem-
orrhage [15]. These new entities may be moni-
tored over time without the need for immediate 
intervention.

Specific guidelines for surgical intervention 
for AC do not currently exist, although literature 
recommendations consider symptomatology and 
cyst location indicators for possible intervention. 
This practice is supported by the persistence of 
symptoms such as headache and seizures in many 
reported cases despite surgical intervention [3, 
7]. ACs leading to hydrocephalus or intracranial 
hypertension are shown to derive the most sig-
nificant benefit from intervention. At the same 
time, those with non-specific symptoms such as 
nausea, vomiting, headache, seizures, vertigo, 
developmental delay, and visual changes are 
reported to obtain minimal to no benefit from 
treatment. Therefore, current recommendations 
for surgical intervention in ACs are passive obser-
vation of asymptomatic cases and intervention 
only in the case of known intracranial hyperten-
sion or hydrocephalus, because radiological and 
clinical improvement shows no correlation in the 
other symptom instances [7, 13].

Gallasi criteria for middle cranial fossa ACs, 
described in Table 2, are used by many neurosur-
geons to determine the need for surgical interven-
tion for the largest category of ACs [11, 16]. 

Gallasi type II and III ACs are often selected for 
surgical intervention, whether symptomatic or 
not, due to the prophylactic measures against the 
risk for hemorrhage or hygroma formation in the 
event of cyst rupture [3]. Also, larger cysts are 
generally surgically managed due to the potential 
for mass effect on cerebrovascular structures 
should passive observation be selected.

Surgical options for ACs include microsurgi-
cal fenestration via craniotomy, shunting, and 
neuroendoscopy. While there is no current con-
sensus on the ideal surgical method, increasing 
the use of neuroendoscopy is reported due to a 
high procedural success rate, less severe associ-
ated complications, and a lower complication and 
cyst recurrence rate. In contrast to a report of 240 
cases in France in the pediatric population, 
microneurosurgical intervention showed longer 
event-free survival and fewer complications com-
pared to neuroendoscopy. However, this was a 
single-center study with twice as many open pro-
cedures versus endoscopic interventions [4].

Cyst location is an essential factor in choosing 
surgical technique, where suprasellar, quadri-
geminal, and posterior fossa cysts are reported to 
have significantly higher successful treatment 
rates via neuroendoscopy than those located over 
the cortical convexities and in the interhemi-
spheric region [12]. While it has been reported 
that any of the three surgical techniques is effica-
cious in treating middle cranial fossa cysts, the 
endoscopic approach is recommended as the pri-
mary approach due to safety considerations, with 
the use of the other two being recommended only 
if symptoms persist [6]. Shunting is usually 
avoided due to the associated serious complica-
tions that include infection, CSF over-drainage, 
and shunt dependency [7].

Type Description
I    –  Typically clinically silent

   –  Localized to the anterior middle cranial fossa
II    –  Symptomatic or asymptomatic

   –  Extends towards the Sylvian fissure, displacing the temporal lobe
III    –  Typically symptomatic

   –  Occupying the entire middle cranial fossa, displacing temporal lobe 
and impinging on frontal and parietal structures

Table 2 The Gallasi 
criteria for the middle 
cranial fossa AC
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5  Surgical Technique

AC surgery intends to decompress the cyst by 
fenestration of the cyst into the normal cerebro-
spinal fluid spaces, removing the cyst wall, aspi-
ration of the cyst, or via shunting. Open or 
endoscopic approaches can accomplish fenestra-
tion or cyst excision. Fenestration into normal 
CSF spaces, such as subarachnoid cisterns, ven-
tricles, or both, is possible. Endoscopic treat-
ment alone confers a minimally invasive 
approach [18, 20].

All procedures are performed under general 
anesthesia, along with preoperative antibiotic 
prophylaxis. Rigid head fixation is usually per-
formed, and frameless stereotaxy assists in plan-
ning the craniotomy location [13]. Prior to 
incision, the trajectory for endoscope insertion is 
often determined to minimize cortical or intra-
ventricular damage and to allow for the most 
direct and linear access to the cyst-cisternal inter-
face of interest. Keeping these two goals in mind, 
a small incision with a small craniotomy, com-
monly a burr-hole craniotomy, can be accom-
plished [20]. After durotomy/corticectomy, a 
Cottonoid or fibrin glue can be used to limit the 
loss of CSF or cyst fluid.

Generally, a multichannel rigid or flexible 
endoscope is utilized. Commonly, Gaab 5.4 mm 
or Aesculap 6.4 mm, four-channel neuroendo-
scopes [17], or the Oi-Handi 4.4  mm three-
lumen endoscope are used. Navigation may 
assist with the insertion of the working endo-

scopic sheath that can be registered to the fra-
meless system. A standard digital camera is 
used. An endoscopic holder can also be used. 
Continuous irrigation allows for clear visualiza-
tion of the cyst membrane and brain surfaces 
through the camera, as well as hemostasis. A 
continuous purge of this irrigation fluid prevents 
over-insufflation of the intracranial and cystic 
compartments and the inadvertent elevation in 
intracranial pressure. Figure 2a demonstrates a 
preoperative MRI of a complex intraventricular 
AC treated with endoscopic fenestration. 
Visualization of the AC lining can be seen in 
Fig. 2b, where fenestration through the lining of 
the septum pellucidum was performed once the 
AC was fenestrated.

Fenestration of a cyst first begins after the 
proper inspection of all surrounding structures 
and careful inspection of the cyst surface. The 
cyst can be opened using bipolar coagulation, 
forceps, and micro scissors. Figures 3 and 4 dem-
onstrate the use of forceps to allow fenestration 
of a pontine AC and blunt fenestration for a pre-
cerebellar AC.  Following cyst fenestration, the 
opening is typically further enlarged using a 
number of techniques, such as balloon dilation, 
forceps separation, or division with the scissors. 
Irrigation is discontinued, and visualization of 
the anticipated flow of CSF pulsations can be 
seen with each cardiac cycle. The perforation was 
inspected for incidental damage, and hemostasis 
can be achieved via an embolectomy catheter, 
bipolar cauterization, or irrigation.

a b c

Fig. 3 Pineal region AC. (a) Sagittal T2 steady-state 
magnetic resonance imaging sequence demonstrating 
enlargement of the ventricular system, with pineal region 

cyst present. (b) AC lining seen via endoscope. (c) AC lin-
ing perforation after the use of forceps instrumentation

G. W. Koutsouras et al.
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a cb

Fig. 4 Posterior fossa precerebellar cyst. (a) Sagittal T2 
steady-state magnetic resonance imaging sequence dem-
onstrating large precerebellar cyst with bowing and thin-

ning of the brain stem, mass effect on the cerebellum. (b) 
AC lining visualized through endoscope. (c) AC lining 
fenestration being performed with blunt instrumentation

The four most frequent endoscopic surgical 
procedures are described [20]. In the cystocister-
nostomy technique, the AC is first entered 
beneath the burr hole, and the basal cisterns are 
approached through the body of the cyst. The 
thickened arachnoid membranes must be reliably 
opened around key structures, such as the optic 
nerve, carotid artery, and third nerve. The second 
most often described case is ventriculocystos-
tomy, in which the cyst is approached through the 
ventricle. The key component of this procedure is 
to penetrate the thick and resistant cystic arach-
noid membrane from the ventricular side. 
Suprasellar, quadrigeminal, and Sylvian cysts 
have all been approached via this technique.

In the cystoventriculostomy approach, atten-
tion must be directed to reduce AC fluid in order 
to avoid brain shift that can affect the stoma that 
must be created through the brain tissue into the 
ventricular side. Suprasellar, quadrigeminal, 
Sylvian, and even interhemispheric cysts have all 
been approached via this technique. 
Ventriculocystocisternostomy is like ventriculo-
cystostomy, but in addition to creating a stoma in 
the arachnoid membrane on the ventricular side, 
an opening into the basal cisterns is made. This 
technique is commonly applied to suprasellar- 
located cysts. Copley et  al. described their suc-
cess rates over their 12-year cohort. They saw an 
improved result in their cohort in which a 
 ventriculocystocisternostomy was performed in 
addition to cisternostomy alone [8].

Care must be taken when removing the cyst 
because adherence to the surrounding neurovas-
cular structures is common. Removal of the cyst 
wall or fenestration into the cyst will direct the 
surgeon into normal subarachnoid spaces, where 
critical neurovascular structures are located. For 
example, the cisternal opening of the middle cra-
nial fossa or temporobasal ACs will be located 
near the optic-carotid recess. In suprasellar cysts, 
the prepontine recess, the basilar artery, or abdu-
cens nerves will be close by, and the pituitary 
gland and stalk are also at risk [30].

The location of cysts will result in different 
neurovascular structure considerations 
(Table 1). For example, temporobasal ACs will 
prompt the surgeon to monitor for third or fourth 
nerve palsies or even the development of diabe-
tes insipidus. Proximity of the lower cranial 
nerves to the posterior circulation must be rec-
ognized when surgically managing posterior 
fossa cysts [18, 19].

6  Strengths and Limitations 
of Neuroendoscopy 
in Arachnoid Cyst

Neuroendoscopy is recommended as the primary 
method for surgical fenestration of ACs in the 
recent neurosurgical literature [18, 28]. The 
 surgical technique is advantageous in its single 
burr- hole approach, minimally invasive nature, 
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and direct access to the space-occupying lesions 
[16, 25, 32]. The convenience of the technique 
also allows for simultaneous cyst fenestration 
along with treatment of co-existing hydrocepha-
lus, thus minimizing the need for additional inva-
sive procedures. Neuroendoscopy is associated 
with a smaller volume of blood loss, decreased 
operative time length, and lower rate of cyst 
recurrence when compared to non-endoscopic 
methods. Also, a greater total resection rate of 
cysts has been reported, possibly due to better 
and more precise visualization through endos-
copy of closed spaces and the various membranes 
that must be opened to allow for proper CSF flow 
and cyst drainage [9]. Clinical improvement has 
been reported in up to 60–100% of patients, with 
improved radiographic outcomes ranging from 
50 to 100% [5, 6, 18]. Neuroendoscopic surgical 
treatment of ACs is also associated with less post- 
operative hydrocephalus, lower neurologic mor-
bidity rates, shorter length of hospital stay, and 
earlier return to the workforce [32].

The risk of damage to neurovascular structures 
and brain parenchyma with alterations in instru-
ments and optical equipment is also decreased 
once the endoscope is positioned. An especially 
appealing prospect of this technique is the less 
severe and more treatable nature of the associated 
complications, with the most common of which 
being meningitis, post-operative fever, subdural 
effusion or hematoma, and CSF leak (Table 3).

Post-operative fever and subdural fluid accu-
mulation are the most commonly reported com-
plications of AC neuroendoscopy. The fever is 
typically non-infectious, as determined from 
CSF analysis and culture, and likely results from 
intracerebroventricular rinsing during the sur-
gery. Subdural fluid is monitored and is usually 
absorbed within 3 months without intervention 
[25]. Complication rates vary across studies, age 
ranges, and properties of the cyst in terms of size 
and location. However, they are reported to be 
lower in magnitude than those from non- 
endoscopic methods [16].

Technical limitations of neuroendoscopy in 
AC fenestration stem from the use of instru-
ments only through the working channel, limit-
ing the ways of manipulating the arachnoid 
membrane for opening. While microsurgical 
fenestration through craniotomy can utilize two 
instruments to pull the membrane with one hand 
and open it with the other, a single endoscopic 
instrument can achieve both tasks by the forceps 
pulling and opening the membrane simultane-
ously. To overcome this, a larger-diameter bone 
window can be created, and the use of a wider 
endoscope can allow for the passage of two 
instruments. However, both instruments are in 
the same axis of the working passage regardless, 
and the increased exposure eliminates the mini-
mally invasive advantage of neuroendoscopy. 
Importantly, accurate positioning of the endo-
scope is difficult due to continuous cyst fluid 
release and resulting repositioning of brain tis-
sue, despite the presence of neuronavigation. A 
minor limitation is the maximum 20 mm length 
of the endoscope, preventing access to deeper 
located cysts [25]. The use of a flexible endo-
scope and combined microsurgical techniques is 
alternative options to assist in managing these 
cysts.

Visibility is a significant issue associated with 
the endoscopic technique, and understanding the 
spatial orientation and accounting for the fish-eye 
point of view may be challenging. Large cysts 
may cause substantial distortion of the anatomy, 
and the light through the initial insertion of the 
endoscope can be insufficient to localize in the 
absence of a navigation system. While the cystic 

Table 3 Strengths and limitations of endoscopic 
approaches

Strengths Limitations
Minimally invasive—
smaller volume blood 
loss

Single-instrument space 
through working channel

Higher total cyst 
resection rate

Challenging visualization 
of large cysts due to 
significant distortion of 
the anatomy

Lower recurrence rate Rapid reduction in 
visualization in the setting 
of a bleed

Simultaneous treatment 
of hydrocephalus, biopsy, 
excision, fenestration

Limited scope length (20 
mm)

Greater illumination Fish-eye distortion of the 
visual field

G. W. Koutsouras et al.
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space may initially appear dark, deeper insertion 
can overcome this limitation sufficiently for sur-
gical intervention. Also, using anatomical mark-
ers such as arteries, veins, cranial nerves, cisterns, 
and the Sylvian fissure can allow for timely local-
ization. One significant and characteristic limita-
tion of neuroendoscopy is a bleeding-associated 
rapid reduction in visualization, to the extent that 
the procedure may be abandoned for an alterna-
tive method [9]. To deal with such an issue in the 
case of bleeding, copious and patient irrigation 
with body temperature crystalloid solution is 
required to stop the bleeding and clear the cavity 
of residual hematomas.

7  Conclusion

The use of endoscopy for treating ACs is a 
dependable option in AC surgical management. 
Location and expertise are crucial factors, and 
the surgeon should be ready to convert the sur-
gery into an open procedure if the endoscopic 
option is not anatomically or technically 
feasible.
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Surgical Management of Spinal 
Arachnoid Cysts

Ali Akhaddar  and Mohamed Boucetta

1  Introduction

The occurrence of spinal arachnoid cysts (ACs) 
is much lower than that of intracranial ACs. In the 
spine, ACs can be extradural (Figs.  1 and 2), 
intradural extramedullary (Fig.  3), perineural 
(Figs. 4 and 5), or more rarely within the spinal 
cord. The most common site is in the middle/
lower thoracic spine with limited vertebral seg-
ments being involved [3, 12, 18, 47]. Spinal ACs 
are extra-axial and surrounded by arachnoid 
membranes that may or may not communicate 
with the subarachnoid space. These cysts are 
benign, and most are congenital in origin, 
although a small group may arise following 
inflammation, infection, bleeding, trauma, or 
even surgery. Less common locations of intraspi-
nal ACs are in the lumbar and lumbosacral, thora-
columbar, and sacral spine. The cervical spine is 
rarely involved [47, 49–51]. The vast majority of 

cysts are typically limited to three or four verte-
bral body levels craniocaudally and therefore 
restricted to a single spinal segment or the junc-
tion between two spinal segments [5, 18]. 
However, extensive cysts involving multiple seg-
ments of the spinal axis have also been reported 
[17, 25, 53]. Clinical presentations are highly 
variable and depend primarily on the anatomic 
location, cyst volume, duration of symptoms, and 
the patient’s age. Some patients manifest simple 
rachialgia, while others present with complete 
paraplegia/quadriplegia [46, 52, 55, 68]. With the 
extensive usage of spinal magnetic resonance 
imaging (MRI) techniques, many incidental 
asymptomatic cysts are being discovered in all 
age groups. Although many authors recommend 
no treatment for small or asymptomatic cysts, 
there is still some debate regarding the best treat-
ment strategy for symptomatic lesions.

Once the surgical indication is determined, the 
management of intraspinal ACs consists of surgi-
cal exploration and decompression via total/par-
tial cyst excision, marsupialization, fenestration, 
ligation of the communication site, shunting, or a 
combination of these techniques [3, 10, 35, 51].

The indications for and performance of sur-
gery for the various forms of intraspinal ACs are 
presented in this chapter that deals primarily with 
the current techniques applied in the surgical 
management of intraspinal cystic lesions. At the 
end of this chapter, there is a section addressing 
postoperative complications.
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a b c

Fig. 1 T4–T7 spinal extradural AC with posterior spinal cord compression in an 8-year-old boy. Enlarged spinal canal 
(double arrows) on anteroposterior spinal thoracic radiogram (a). Sagittal (b) and axial T2-weighted magnetic reso-
nance imaging (MRI) (c)

a

b

dc

Fig. 2 T5–T9 spinal extradural AC located posterior to the spinal cord in an 11-year-old girl. Axial T1-weighted (a) 
and T2-weighted (b) MRI, sagittal (c) and coronal T2-weighted images (d)
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a b

Fig. 3 Spinal tuberculous arachnoiditis in a 38-year-old 
man with a history of tuberculous meningitis 2 years pre-
viously. Sagittal T2-weighted MRI (a, b) showing multi- 
loculated cystic lesions surrounding the thoracic spinal 
cord (arrows). Note the high signal within the spinal cord 
(head arrows). Changes of arachnoiditis may be focal, 

multifocal, or diffuse (Reproduced from Akhaddar A. 
(2017) Spinal Tuberculosis. In: Atlas of Infections in 
Neurosurgery and Spinal Surgery. Springer, Cham. 
https://doi.org/10.1007/978- 3- 319- 60086- 4_24; with 
permission)

Surgical Management of Spinal Arachnoid Cysts

https://doi.org/10.1007/978-3-319-60086-4_24;


328

a b

dc

Fig. 4 S2 Tarlov cyst in an adult (stars). Sagittal (a) and coronal (b) T1-weighted MRI. Sagittal T2-weighted image (c) 
and coronal MRI on FLAIR sequence (d)
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a b c

Fig. 5 S1–S2 Tarlov cyst in an adult (stars). Sagittal T1-weighted (a) and T2-weighted (b) MRI. Sagittal spinal com-
puted tomography (CT) scan on bone window (c)

2  Patient Selection 
and Preoperative Evaluation

Prior to any successful treatment, the initial diag-
nosis of spinal ACs should be suspected and con-
firmed promptly. The clinical presentation and 
neuroimaging evaluation are essential factors that 
enhance our ability to determine the best thera-
peutic plan for each case. Furthermore, various 
cystic spinal lesions may mimic ACs. Chapter 
“Differential Diagnosis of Intraspinal Arachnoid 
Cysts” of the current book provides a review of 
the main differential diagnosis of intraspinal 
ACs. MRI is now the primary imaging modality 
of choice that may indicate the exact topography 
of the cysts and their inner structures, define the 
exact margins of the collections, and determine 
the relationship of the cysts with contiguous ana-
tomic structures as well as any communication 
between the cyst and adjacent subarachnoid 
spaces (Figs. 1, 2, 3, and 4).

Many authors recommend not treating 
asymptomatic ACs that cause no pain or neuro-
logical symptoms/signs that are without mass 
effect, regardless of their size and spinal loca-
tion. However, no clear association exists 
between the volume of an AC and the need for 
surgical excision. Consequently, “asymptom-
atic” patients may require an MRI each year to 
detect any cystic progression or new anomaly. 
However, if they become “symptomatic,” 
patients should be reevaluated, without delay, 
clinically, and by MRI.

Surgery is the treatment of choice for symp-
tomatic patients, especially those with intractable 
pain, if neurological signs/symptoms progress 
secondary to nerve root or spinal cord compres-
sion or if the patient presents with spinal instabil-
ity or cyst extension [51].

3  Surgical Principles

ACs are rare pockets of the arachnoid membrane 
that were first described intracranially by Bright 
in 1842 [6]. One decade later, the French physi-
cian and physiologist François Magendie (1783–
1855) published the earliest observation of an 
intraspinal AC in 1842 [31]. The initial record of 
spinal intradural cysts compressing the spinal 
cord and being successfully treated by surgery 
was reported by Spiller in 1903 [58] followed by 
Skoog in 1915 [56].

The key aim of the surgery for spinal ACs 
should be neurologic decompression and preven-
tion of cyst recurrence. These goals will be 
achieved by total resection of the cyst wall and 
closure of the communication between the cyst 
and the subarachnoid space. In surgical practice, 
however, this is not always possible primarily 
because some cyst walls adhere to varying 
degrees to neurologic structures and secondly 
because other ACs are situated anteriorly or 
antero-laterally to the spinal cord. In addition, 
some cysts may be multiple, very extensive, and/
or have multiple septations [3, 5, 12, 14, 18].
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For the traditional posterior approach, the 
operation is performed under general anesthesia 
with the patient in the prone position. A bladder 
catheter is placed, and good venous access is 
ensured. Some authors believe that the use of 
electrophysiologic monitoring for somatosen-
sory/motor-evoked potentials and anal electro-
myography may improve the safety of the 
procedure by alerting the surgeon to uninten-
tional excessive traction/dissection/manipulation 
that may occur during surgery [12, 14, 36, 60, 
66]. Preoperative radiological localization or 
intraoperative fluoroscopy is used to identify the 
correct vertebral level for surgery [16, 36]. After 
a posterior midline skin incision is made, the 
muscle and ligaments are separated from the spi-
nous processes, lamina, and facet complexes. The 
laminectomy/laminotomy is carried out that 
includes one vertebral level above and below the 
position of the cyst. In most cases, a total bilat-
eral laminectomy was performed. However, this 
relatively invasive surgery may result in postop-
erative subluxation or kyphosis, especially in the 
cervical or thoracic spinal areas. To prevent these 
postoperative problems, the length of laminec-
tomy should be kept to a minimum (less than five 
segments) [44]. For Lee et al., a minimal skipped 
hemilaminectomy was a feasible technique for 
the treatment of large intraspinal ACs [27]. In 
recent years, many surgeons have favored the 
laminoplasty technique in order to decrease the 
chance of postoperative kyphosis [12, 18, 36].

More anterior ventral ACs may require exten-
sion of the surgical approach by drilling the inner 
part of the adjacent facet joints [14]. When the 
stability of the spine is lessened, surgical stabili-
zation with osteosynthesis/fusion is required. 
Some ventrally situated cervical ACs may be 
excised through a conventional anterior cervical 
approach with corpectomy and spinal reconstruc-
tion [10, 37, 54, 59].

The surgeon should attempt to remove ACs 
completely but without causing additional injury. 
Furthermore, in cases with many adhesions and 
multiple septations, especially in those spinal AC 
secondary to trauma, inflammation, infection, or 
bleeding, partial resection as widely as possible 
is sometimes indicated [9]. In some anterior or 

extensive intraspinal ACs, other alternative surgi-
cal techniques can be used such as stenting, cys-
tic shunting, or simple percutaneous needle 
aspiration [35, 40, 44, 57, 62].

For intradural spinal ACs, some authors sug-
gest placing a small silastic shunt into the cyst 
cavity to drain into the subarachnoid CSF space 
[66]. The distal end of this catheter was then 
sutured to the pia mater and positioned in a site 
far removed from the nerve roots.

Sometimes, additional shunting may be 
required if the cyst fails to resolve after marsupi-
alization/fenestration or even partial resection. 
These cystic diversions were previously reported 
into the peritoneal cavity, pleural cavity, or the 
atrium of the heart [2, 24, 32, 40, 42]. In addition, 
Rabb et  al. recommended using a dural patch 
graft consolidated by fibrin glue before consider-
ing permanent shunt insertion, especially in 
patients with a large dural defect [48].

At the end of the surgery, the dura is closed in 
a continuous manner, and the suture line is rein-
forced with fibrin glue or a tissue dural patch. A 
Valsalva maneuver should be performed to ver-
ify the integrity of the impermeable dural clo-
sure. The wound is then closed in layers. All of 
these precautions were undertaken in order to 
avoid a postoperative CSF fistula and 
pseudomeningocele.

In child and adolescents, a hyperextension 
brace is recommended for several weeks if an 
extensive conventional laminectomy was 
required.

4  Surgical Therapy 
for Extradural Arachnoid 
Cysts

Extradural ACs will be apparent as soon as the 
posterior vertebral elements are removed via 
laminectomy or laminotomy (Figs.  2 and 6). 
Using the operative microscope, the cyst wall can 
be carefully dissected from the thecal sac until a 
small pedicle through a dural defect is identified, 
usually on the dorsal aspect of the junction with a 
nerve root (Fig. 7). The pedicle (also known as 
the cervix or ostium through which the cyst com-

A. Akhaddar and M. Boucetta



331

Fig. 6 Operative view following laminectomy showing the 
T5–T9 extradural ACs located posterior to the thecal sac

Fig. 7 Operative view under the operative microscope 
showing a small pedicle through a dural defect (arrow) on 
the dorsal aspect of the junction with a nerve root

Fig. 8 Operative view under the operative microscope: 
the small pedicle (cervix or ostium through which the cyst 
communicates with the intradural space) was ligated 
(arrow)

Fig. 9 The extradural AC was completely removed after 
cutting the small communicating pedicle (arrow)

municates with the intradural space) will be 
ligated, transected, and the cyst removed (Figs. 8 
and 9). Then, the dural defect can usually be 
sutured closed and reinforced with fibrin glue to 
prevent CSF leakage [29]. If the AC does not 
communicate with the subarachnoid space, a 
complete excision can be performed without a 
subsequent repair or the obliteration of the dural 
communicating pedicle [30].

Sometimes, the nervous tissue may be found 
within the cysts. In this situation, the cyst could be 
removed, but the nerve roots should be preserved. 
Consequently, a duraplasty will be necessary [26].

For lumbar lateralized extradural ACs, Ido 
et  al. recommended using a trans-foraminal 

approach that seems to be more useful and effec-
tive than a traditional laminectomy/laminotomy 
because it can offer a more adequate visual field 
with better visualization with less risk of spine 
destabilization [22].

In cases of extradural spinal ACs that have 
both intraspinal and extraspinal components, 
the cyst should be removed through the enlarged 
intervertebral foramina. Extraspinal compo-
nents are relatively easy to remove. Also, the 
resection of the intraspinal component is similar 
to the technique used for isolated extradural 
cysts [9]. In the event of spine instability, surgi-
cal stabilization with osteosynthesis may be 
needed.

Surgical Management of Spinal Arachnoid Cysts
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5  Surgical Therapy 
for Intradural 
Extramedullary Arachnoid 
Cysts

Intradural ACs are generally apparent on opening 
the dura mater via posterior midline durotomy 
(Figs. 3 and 10). Intraoperative ultrasonography 
may assist with the localization of intradural 
cysts, assessing their morphology and evaluating 
the cyst dimensions [14, 36]. Using the surgical 
microscope, the complete or partial drainage of 
large cysts may help facilitate resection of the 
thick cyst wall. Also, some authors stress the 
need to perform a cystic fenestration into the sub-
arachnoid space before cystic wall excision [66]. 
A combination of sharp and blunt microsurgical 
dissection should be used to carefully separate 
the cyst wall from the adjacent neural tissues and 

blood vessels. Also, the arachnoid wall that is 
adherent to the dura may need a more aggressive 
resection to prevent any recurrence (Fig. 10). For 
Wang et  al., gentle dissection of any arachnoid 
adhesions around the spinal cord parenchyma 
should also be performed in order to release the 
spinal cord [66].

In cases with monocompartimental spinal 
intradural cysts without intracystic septations 
(especially for idiopathic cysts), Schmutzer et al. 
recommend performing only a unilateral mono-
segmental approach followed by an excision of 
the upper pole of the cyst wall in order to create a 
stoma into the subarachnoid space [51]. When a 
bilateral approach is needed, laminoplasty seems 
to be an alternative to laminectomy, particularly 
for patients with multisegmental cervicothoracic 
cysts. Multiple laminectomies can compromise 
spinal alignment and stability [43, 69].

a b

dc

Fig. 10 Intraoperative views after limited posterior 
thoracic laminectomy (a–d). The dura mater was opened 
(b). Note the important adhesive and arachnoid thicken-
ing with fibrosis (a web-like appearance) (c). Spinal 
cord appearance following gentle arachnoid dissection 

(d) (Reproduced from Akhaddar A. (2017) Spinal 
Tuberculosis. In: Atlas of Infections in Neurosurgery 
and Spinal Surgery. Springer, Cham. https://doi.
org/10.1007/978- 3- 319- 60086- 4_24; with permission)
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In order to avoid neurological damage from 
excision of an adherent cyst wall, the surgeon 
should consider alternative options. When cysts 
cannot be completely resected, wide fenestration 
or marsupialization of the cyst wall should be 
performed. In this same situation, some authors 
suggest using additional cyst diversion or shunt-
ing (see below). Simple aspiration of the cyst 
contents provides only a temporary solution.

Occasionally, a dural patch was used to repair 
the dura defect and/or to allow more space for the 
spinal cord [16]. Indeed, duraplasty increases the 
dimensions of the intradural space to avoid spinal 
cord tethering [36].

Concerning an associated syringomyelia, 
Schmutzer et al. noticed a total disappearance of 
the intramedullary syrinx in 7 of 14 thoracic 
cases after surgical resection or fenestration of 
the intradural spinal ACs [51].

6  Surgical Therapy 
for Intramedullary 
Arachnoid Cysts

Intramedullary spinal ACs are rare; only 18 cases 
have been reported previously and surgically 
treated [1, 21, 34, 39, 64]. Marsupialization of 
the cyst was achieved in 11 cases and removal of 
the cyst wall in 7 patients. The cyst wall was 
entirely excised in only 1 patient out of 18 [19]. 
The majority of cases underwent a classic dorso- 
medial myelotomy. A DREZ (dorsal root entry 
zone) myelotomy was performed in only two 
patients [20]. This last procedure would allow for 
better circulation of CSF between the residual 
cystic cavity and the subarachnoid space in addi-
tion to reducing the chance of spinal cord injury 
and scar fibrosis [39]. None of the 18 patients 
required a shunting procedure; however, recur-
rence was reported in one case [21]. In this 
4-year-old boy, the cystic cavity increased in size, 
and the symptoms recurred 27 months after the 
first cystic fenestration. To prevent the recurrence 
of the cyst, Sun suggested that the residual cyst 
wall should be sutured to the pia mater to ensure 
adequate communication between the cyst cavity 

and the subarachnoid compartment [60]. On 
occasion, a wall biopsy may be necessary to 
exclude a secondary lesion.

7  Surgical Therapy for Tarlov 
Cysts

Sacral extradural spinal meningeal/perineural 
cysts, also known as Tarlov cysts [63], can be 
managed in the same manner (Figs.  4 and 5). 
However, if nerve root fibers are found within the 
cystic cavity, the cyst wall could be removed, but 
the nerve roots should be preserved. Consequently, 
a duraplasty will be required to reconstruct the 
nerve root sheath [15, 26]. Also, Neulen et  al. 
considered that microsurgical fenestration 
between perineural cysts and the thecal sac at the 
level of the distal dural sleeve was a safe surgical 
approach for the treatment of symptomatic Tarlov 
cysts [38]. Other surgical techniques include cyst 
wall removal and filling of the remaining cavity 
with autologous muscle and fat in the lumbosa-
cral canal [45, 61, 65] and titanium clipping [7]. 
Some small non-compressive epidural ACs could 
be treated simply by closing the pedicle between 
the cyst and the subarachnoid space without cyst 
resection [61]. More recently, authors report 
Tarlov cyst resection assisted with endoscopy 
(see below) [67].

8  Minimally Invasive 
Techniques

In order to reduce some surgical complications 
such as spinal cord injury, postoperative deficits, 
and kyphotic deformity, some authors promoted 
the use of the endoscope. Furthermore, this tech-
nique improves visualization of the cystic lesion.

Endo et al. advocated the use of endoscope in 
the management of six cases of intradural spinal 
ACs with the intention to reduce the size of the 
laminectomy. After restricted laminectomy/
hemilaminectomy, the cyst wall was partially 
resected through the bone fenestration after 
which an endoscope was placed into the cyst cav-
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ity and moved in an up/down direction to fenes-
trate the cyst wall. This last maneuver allowed for 
the communication between the cyst fluid con-
tents and the subarachnoid CSF space [11]. Also, 
using a flexible endoscope, Papadimitriou per-
formed a cysto-peritoneal diversion of a T3–T10 
spinal AC in a 79-year-old man [42].

Recently, Wang et  al. reported their useful 
experience of endoscopic-assisted fenestration of 
a series of 15 patients with sacral Tarlov cysts 
[67]. After making a bone window in the lamina, 
the endoscope was advanced into the spinal canal 
to provide visibility. The excellent visualization 
allowed for easy distinction between the cyst 
wall and the nerve roots. The cyst wall was 
incompletely resected under endoscopic guid-
ance, and the site of communication between the 
cyst cavity and the subarachnoid space was care-
fully identified.

CT scan-guided percutaneous aspiration is a 
well-known minimally invasive method used for 
perineural/Tarlov cysts in the lumbosacral region 
[15]. It is also considered an important prognos-
tic procedure to help select cases where surgical 
treatment might be favorable [28]. In contrast, 
many authors believe that percutaneous needle 
aspiration is an inadequate procedure for treating 
intraspinal ACs because of the high rate of cyst 
recurrence [40, 44, 57]. However, this simple and 
quick method may be reserved for patients in 
poor general health status who are unable to 
endure a major spinal surgical procedure [4, 10]. 
For Takahashi et al., percutaneous drainage under 
MRI guidance was considered prior to a more 
invasive surgical approach [62].

9  Postoperative Complications

Despite the low rate of postoperative complica-
tions following surgery for spinal ACs [12, 13, 
16, 18, 67], surgeons should know about these 
possible problems and clearly describe them to 
the patients and/or their family before surgery. 
Many alternatives exist for the management of 
these complications, but none of them can be 
thought of as a standard of care. When a repeat 

surgical procedure is contemplated, it should be 
considered in select patients based on a benefit- 
risk evaluation.

Postoperative wound infection (three cases 
reported) [14, 41, 51], poor wound healing [36], 
CSF leakage [25, 33], postoperative epidural 
hematoma (two cases) [36, 51], pseudomeningo-
cele (two cases) [16, 36], and postoperative 
kyphosis [43, 69] are some important nonspecific 
complications of surgical treatment of intraspinal 
ACs.

There is no reported case of death except for 
Palmer’s patient. This 3-year-old boy was oper-
ated on three times for an anterior intradural 
upper cervical AC.  Postoperatively, the patient 
developed a wound infection with progressive 
tetraparesis and respiratory failure. He died 2 
weeks following the third operation [41].

Recurrence and insufficient shrinkage of the 
cyst are important complications of the surgery 
for intraspinal ACs. Globally, the recurrence rate 
was less than 12.5% realizing that the highest 
incidence was seen in intradural forms. However, 
we must distinguish the relative low recurrence 
rate for intradural idiopathic cysts (12%) from 
that of post-hemorrhagic cysts (66%) [13, 36, 49, 
51]. Indeed, a correlation analysis finds an impor-
tant risk factor for revision involving post- 
hemorrhagic intradural ACs [51]. Consequently, 
cysts with multiple septations and those that 
evolved following bleeding must undergo when-
ever possible an extended cyst wall resection to 
decrease the risk of cyst recurrence.

Recurrent intraspinal ACs that cannot be com-
pletely resected following the first surgical proce-
dure have subsequently been treated by cyst 
shunting [5, 8, 23].

10  Conclusion

Intraspinal ACs represent an unusual heteroge-
neous pathologic entity with various clinical pre-
sentations and neuroimaging appearances. 
Consequently, surgical management is more 
complex than previously thought. For symptom-
atic patients, complete surgical excision of the 

A. Akhaddar and M. Boucetta



335

cyst is the treatment of choice. However, specific 
surgical goals are determined by the cyst subtype 
and its relationship with adjacent neural struc-
tures. In standard practice, extradural ACs are 
typically resected with closure of the dural defect, 
whereas intradural or anterior cysts are usually 
fenestrated. Cysts with associated nerve fibers 
should be managed carefully in order to preserve 
the neurologic function. Despite the fact that 
endoscopic techniques are less invasive and are 
correlated with less risk of complications, endo-
scopic procedures for spinal disorders require a 
significant learning phase before obtaining satis-
factory results.

Finally, there is no standard protocol for the 
management of intraspinal ACs. However, when 
surgery is discussed, the surgeon should always 
consider his experience and institutional practice, 
the cyst’s underlying etiology, clinical signs and 
symptoms, the patient’s age and comorbid condi-
tions, the cyst appearance and its exact location, 
the relationship between the cyst and contiguous 
anatomic structures as well as the communica-
tion between the cyst and adjacent subarachnoid 
spaces, and any congenital lesions that could be 
associated. Additionally, care and prudence must 
be taken perioperatively and during the surgical 
intervention to diminish postoperative adverse 
events that increase morbidity.
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Postoperative Complications 
Associated with Arachnoid Cysts

Gıyas Ayberk and Atilla Kazancı

1  Introduction

Arachnoid cyst (ACs) is a congenital lesion char-
acterized by the accumulation of a cerebrospinal 
fluid (CSF) between the arachnoid leaves. Bright 
[8] was the first to describe AC as an entity in 
1831. Although the first theories about the origin 
of ACs were attributed to anomalies during the 
formation of the subarachnoid space in the early 
embryonic period, these theories have not been 
validated today [10, 38, 53]. The fact that ACs are 
more frequently observed around the Sylvian fis-
sure suggests that they are formed during the 
folding of the subarachnoid cistern and encepha-
lon [26, 27, 56, 63]. ACs may occur secondary to 
trauma in infants [53]. Familial ACs are rare and 
show genetic heterogeneity rather than a specific 
gene mutation [69].

Although many theories have been proposed 
regarding the growth of ACs, such as the ball- 
valve mechanism, the osmotic pressure differ-
ence between the intra- and extracystic media, 
fluid accumulation due to lobar agenesis, and 
secretion from the cells on the luminal side, none 
of them can explain why the growth of cysts 
occurs [7, 13].

ACs constitute 1% of the intracranial space- 
occupying lesions and 1–3% of all mass lesions in 

the spinal canal [23, 34]. The autopsy and mag-
netic resonance imaging (MRI) series incidence is 
0.75–1% and 0.75%, respectively [53]. Prevalence 
is around 2% [2]. The pediatric age group consti-
tutes 60–90% of the mixed adult and pediatric AC 
series [30]. They are located supratentorially (70–
90%), infratentorially (5–10%), or near the spinal 
cord (1–3%) [4, 19, 53, 58]. Although ACs are 
more common in the temporal fossa (72.5%) of 
adults, they constitute one-third of ACs in pediat-
ric age group [3, 4, 31]. Other areas where ACs 
are common in adults are in the frontal region 
(15.4%) and the posterior fossa (8.3%) [31].

2  Treatment Methods 
for Arachnoid Cysts

Surgical operations are not necessary for all ACs. 
The patient should be treated in the case where an 
AC causes clinical symptoms such as headache, 
focal neurological findings, seizures, and cogni-
tive changes due to increased intracranial pres-
sure [25, 54, 68]. The primary goal of surgical 
treatment is to prevent reaccumulation of the 
cysts and the recurrence of symptoms by avoid-
ing complications. There are various factors 
which affect the results of an AC surgery; how-
ever, these factors have not been determined 
completely [69]. There is no consensus on which 
AC should be treated, which symptoms will 
improve after the operation, and whether prophy-
lactic treatment is required [18].
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Treatment options include stereotactic aspira-
tion, open surgical techniques such as craniotomy 
and fenestration (CF), craniotomy and fenestra-
tion with cyst excision (CFE), external cystoperi-
toneal (CP) shunting, internal shunting 
(cystosubdural (CS) or cystoventricular CV), and 
endoscopic cystocisternostomy (ECC) [15, 19]. 
Stereotactic aspiration failed due to reaccumula-
tion and is not used today [30]. The issue of 
which treatment method is the best is still 
 controversial today. Advances in endoscopic 
techniques have brought ECC to be the primary 
surgical method for the treatment of AC.

3  Complications of Arachnoid 
Cyst Surgery

3.1  Anesthetic Consideration

Endoscopic AC surgery must not be performed 
under local anesthesia since continuous saline 
infusion may cause vomiting during surgery [11, 
12, 14]. Pneumocephalus becomes a critical 
problem after neuroendoscopic interventions. In 
order to prevent this development, it is necessary 
to place a burr hole at the top of the skull. 
Therefore, the air inside the skull is removed with 
saline irrigation [11, 12, 14]. Additionally, restor-
ing the end-tidal carbon dioxide level and main-
taining adequate hydration will allow the brain to 
regain its original shape [47]. In cases where 
postoperative pneumocephalus is severe, giving 
pure oxygen through a face mask facilitates air 
resorption.

3.2  Surgical Complications

AC surgery is not the simple excision or puncture 
of a thin membrane of the cyst. The primary goal 
in AC surgery is to ensure communication 
between the cyst and the subarachnoid space 
without any complications. All of the general 
complications observed in neurosurgical opera-
tions may also occur in all types of AC surgery. 
Therefore, regardless of the technique used for 

AC treatment, the surgeon must follow basic neu-
rosurgical principles to prevent complications.

Open craniotomy techniques (CF, CFE), 
external (CP) or internal shunting (CS, CV), and 
ECC are the surgical procedures currently used in 
the treatment of ACs. With the development of 
neuroendoscopic techniques following the 1990s, 
the use of endoscopy in the treatment of ACs has 
become widespread [45, 46, 61, 67].

Endoscopic surgery causes minimal damage 
to the surrounding tissues, shortens the patient’s 
length of stay in the operating room and hospital, 
and prevents the patient from being dependent on 
a shunt [11, 47, 49, 50, 55, 60, 61, 65]. Endoscopic 
surgical techniques are not uncomplicated proce-
dures. The complication rate was reported as 
13.8% in patients who underwent intracranial 
endoscopic surgery [14]. Preventing complica-
tions begins with appropriate preoperative plan-
ning, such as determining the trajectory for the 
endoscope and whether to use a single or multi-
ple trajectories [1]. For example, if a burr hole is 
placed too anteriorly, the endoscope may enter 
the foramen of Monro by mistake [1]. Using two 
endoscopes in different directions helps prevent 
complications by providing a better view for the 
surgeon [1]. An inexperienced surgeon may lose 
their orientation quickly due to obscure anatomy. 
In the absence of anatomic landmarks inside the 
cyst or the ventricle, neuronavigation may help 
identify the best trajectory [1]. A tiny amount of 
blood will prevent the endoscopist from perform-
ing the procedure. Adequate hemostasis must be 
achieved before opening the dura. All of these 
described general principles are important in the 
prevention of complications in neuroendoscopic 
surgery.

The rate of subdural effusion has been 
reported to be 2–40% in microsurgical or endo-
scopic treatment of temporal ACs and requires 
treatment with a subduroperitoneal shunt if it 
fails to resolve spontaneously [14, 33, 36, 37, 59, 
62]. The cause of subdural effusion may be 
related to the size of the cyst or the size of the 
fenestration [65].

Bleeding during the operation, especially in 
the endoscopic treatment of ACs, is one of the 
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most critical intraoperative complications, which 
causes vision loss. In order to avoid bleeding, the 
cyst wall must be well coagulated before the 
insertion of the endoscope. In the literature, intra-
operative bleeding occurs in between 3% and 
14% of cases [50, 64]. If bleeding occurs, switch-
ing from endoscopic surgery to a microsurgical 
craniotomy may be necessary. However, most 
bleeding stops with irrigation or bipolar coagula-
tion. Good hemostasis is also critical in keeping 
the fenestration open [12].

The suprasellar ACs originate from defects in 
the diencephalic membrane and present surgical 
challenges due to their proximity to the optic chi-
asm, hypothalamus, and critical vascular struc-
tures [44]. VC or VCC is the endoscopic method 
used to treat suprasellar ACs and requires the 
crossing of many arachnoid membranes [44]. 
Accessibility of the endoscope from a small cor-
ridor to a deep region in suprasellar ACs is easy, 
and endoscopic fenestration is being used for all 
ages, more frequently and safely [9, 28, 40, 57]. 
Erşahin et  al. [24] reported bleeding in three 
patients (17.6%) during endoscopic treatment in 
a suprasellar AC series and how it was controlled 
with irrigation or bipolar coagulation. In 25 
patients with suprasellar ACs, intraoperative 
bleeding occurred in one patient (4%) and was 
stopped with irrigation [21]. In suprasellar ACs, 
the visible part of the cyst from the foramen of 
Monro is the ceiling of the third ventricle. 
Therefore, coagulation should be used to a mini-
mum in order to avoid diencephalic complica-
tions [51]. If the cyst collapses after perforation 
of the diencephalic membrane, the inside of the 
cyst should be seen with flash irrigation [51]. 
Memory loss may occur due to excessive manip-
ulation of the cyst or during perforation of the 
upper wall of the suprasellar cysts [17]. The dien-
cephalic membrane of the suprasellar AC wall is 
thick in 40% of the patients, and fenestration is 
complex where perforation must be accom-
plished with a sharp tool to prevent bleeding or 
excessive manipulation of the cyst [20, 21]. The 
lateral part of the diencephalic membrane 
attaches to the pia of the mesial temporal lobe 
[43]. The posterior communicating artery pene-
trates the diencephalic membrane, and particular 

attention should be given to this structure during 
perforation [43]. It is necessary to perforate the 
mesencephalic membrane to perform VCC. This 
membrane emerges from the anterior part of the 
tentorium on both sides and attaches to the poste-
rior infundibulum and pituitary stalk [43]. 
Perforation of the thick mesencephalic mem-
brane may stretch the infundibulum or pituitary 
stalk and may cause diabetes insipidus or syn-
drome of inappropriate ADH secretion (SIADH). 
Care should be taken when perforating the dien-
cephalic and mesencephalic membranes during 
VCC because the chiasm is displaced downward 
and the mammillary bodies upward [68]. Shim 
et al. [61] performed VCC in six-case intrasellar 
cyst series. Two patients developed SIADH that 
recovered after 4–6 weeks [61]. Sharp tools must 
be used to fenestrate the thick mesencephalic 
membrane to avoid bleeding of the vascular 
structures on the cyst wall and SIADH [21]. 
Distinguishing communicating or non- 
communicating suprasellar AC is vital to prevent 
vascular complications [46]. In communicating- 
type suprasellar AC, the basilar artery is located 
inside the cyst; however, in the non- 
communicating type, the basilar artery is located 
behind a transparent membrane [46].

During temporal AC treatment, a third nerve 
palsy is common after an open craniotomy or 
endoscopic techniques [15, 43]. Arachnoid 
membranes are thicker and stiffer when arteries 
or cranial nerves pass through a cistern [73]. 
Arachnoid membranes in these regions cannot 
be opened simply by spreading via the forceps or 
by puncturing with blunt-ended instruments. 
The percentage of occurrence of a third nerve 
palsy is between 1.5% and 11.8% in endoscopic 
techniques, and fenestration should be per-
formed between the ICA and the third nerve in 
order to prevent its occurrence [16, 29, 50, 51, 
72]. In the case of a thickened arachnoid mem-
brane, the surgeon should switch from the endo-
scope to the open craniotomy technique to avoid 
complications.

In endoscopic or open craniotomy techniques, 
sudden drainage of cyst fluid may cause intrace-
rebral or intracystic bleeding [12, 13, 60]. The 
reason for this unfortunate complication is hyper-
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perfusion injury which may occur after cyst evac-
uation due to failed cerebral blood flow 
autoregulation. The way to prevent this compli-
cation is to avoid loss of CSF by opening the dura 
to the entire sheath diameter in endoscopic tech-
niques [72]. Bleeding from the Sylvian bridging 
veins may occur after cyst evacuation due to the 
collapse of the supporting brain [71]. In case of 
hemorrhagic complications, external ventricular 
drainage or craniotomy may be performed.

In the International Sylvian AC survey con-
ducted in 2008 to treat temporal ACs, CF was still 
the most often performed surgery among neuro-
surgeons, although 28.8% preferred pure endo-
scopic or endoscope-assisted cyst fenestration 
and the least commonly used technique was cyst 
shunting [66]. The advantages of open surgical 
techniques include direct inspection inside the 
cyst, excision of the cyst wall, treatment of multi-
locular cysts, stereoscopic vision, using both 
hands with standard instruments, and prevention 
of shunt dependency [30, 53]. However, postop-
erative complications are common in open surgi-
cal techniques, such as subdural hematoma 
(SDH), subdural hygroma, CSF fistula, third 
nerve palsy, and infection. In 33 pediatric tempo-
ral fossa ACs out of 44, CFE and cyst excision 
were performed without fenestration in two 
patients [36]. Postoperative SDH developed in 
five patients. The cause of SDH was thought to 
be a rupture of the anastomotic vessels between 
the arachnoid and the dura mater, and the cyst 
wall should be excised as minimally as possible 
to prevent SDH formation [5]. In another pediat-
ric series, CF was performed in 8 patients out of 
16 with ACs in different locations [30]. Fifty per-
cent of patients recurred in the CF group. The 
reason for the high recurrence rate and unsuc-
cessful results was the incomplete excision of the 
cyst wall [30]. Although it is recommended to 
perform the cyst wall excision as little as possible 
to prevent SDH, it is still recognized as one of the 
reasons for surgical failure in this series [30]. The 
incidence of CSF fistula and meningocele has 
been reported as 6% and 2.7%, respectively [35, 
42]. Postoperative CSF fistula usually resolves 
with lumbar drainage.

After endoscopic or open craniotomy tech-
niques and due to poor subdural absorption of the 
CSF, a subdural hygroma can occur [22, 48]. In a 
pediatric series of 40 patients with temporal AC, 
all patients were treated endoscopically, and sub-
dural hygroma requiring subdural peritoneal 
shunt was observed in five (12.5%) patients [62]. 
Transcortical intervention prevents hygroma for-
mation; however it is inevitable in cases when 
subdural absorption is poor [22, 48]. In addition, 
the transcortical approach may cause complica-
tions such as epilepsy [41]. In addition to cyst 
wall excision, cisternal fenestration is necessary 
to prevent the development of hygroma [28, 48].

Internal shunts are alternative shunting tech-
niques used for the prevention of SDH or 
hygroma. They allow the achievement of physi-
ological intracranial pressure by connecting the 
cyst with subdural space [55]. Inserting the distal 
shunt end into the subdural space prevents the 
complete collapse of the cyst and SDH or subdu-
ral hygroma [70]. Wester et  al. [70] treated 12 
ACs in adult patients (9 temporal, 3 frontal con-
vexities) by inserting a CS shunt. An angled 
Holter ventricular catheter was inserted through 
the parietal cyst wall and the distal edge into the 
subdural space. SDH or hygroma occurred in two 
patients with Galassi type II or III temporal 
AC. Helland et al. [32] performed CS shunt in 31 
adult patients with AC, 21 of which were located 
in the temporal fossa and 10 over the frontal con-
vexity. There were seven complications observed 
in this series, and all had Galassi type II or III 
temporal AC.  CSH and hygroma developed in 
five and two patients, respectively. Shunt failure 
was observed in three patients due to the mem-
brane’s occlusion of the intracystic catheter. The 
development of SDH or hygroma is more com-
mon in Galassi type II or III temporal ACs [32, 
70]. This result may be due to the separation of 
dural border cells and arachnoid barrier cells or 
the tearing of anastomotic vessels between the 
cyst wall and the dura mater.

CP shunts have been used in the treatment of 
AC for a long time. Shunting of a cyst is a minor 
operation with a lower risk and fewer complica-
tions. However, despite the improvements in 
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shunt and valve systems, shunt dysfunction and 
infection still pose a serious problem [52]. Over- 
drainage causing subdural hematoma or effusion 
may lead to shunt malfunction. An excessively 
large durotomy should be avoided to prevent a 
subdural effusion from forming [30]. The most 
crucial cause of shunt dysfunction is shunt infec-
tion, with a frequency of 8–15% [52]. Arai et al. 
[6] treated 77 temporal fossa ACs with CP shunt-
ing in adult and pediatric-aged groups. 
Postoperatively, one epidural hematoma, one 
shunt infection, and eight shunt malfunctions 
occurred. The outer cyst wall excision and the 
low-pressure valve CP shunt without an anti- 
siphon device should be inserted to prevent shunt 
dysfunction [6]. In 44 pediatric temporal fossa 
ACs, CP or VP shunt was performed in 7 patients, 
and cyst excision with CP shunt in 2 patients 
[36]. Shunt infection developed in one of three 
patients with a VP shunt. The use of a no-touch 
technique, minimal operating room traffic, and 
expedient surgery are essential to minimize shunt 
infection.

Shunt dependence has been known for a 
long time in hydrocephalic patients. However, 
shunt dependence after CP shunting has not 
attracted attention since Arai et al. [6]. Four of 
eight patients with shunt failure had increased 
intracranial pressure, although there was no 
change in their cyst size. The cause of increased 
intracranial pressure in four patients was found 
to be shunt dependency [6]. The shunt should 
be removed when the cyst becomes obliterated 
to prevent shunt dependence [6]. Kim et al. [39] 
reported eight patients with shunt dependency. 
Shunt dependency is not related to the age of 
the patient at the time of the first shunt inser-
tion, the location and size of the cyst, the char-
acteristics of the valve system of the shunt, or 
the number of previous shunting procedures 
[39]. After CP shunt insertion, shunt depen-
dence develops in 42 months (ranges between 
17 and 80 months) [39]. To prevent shunt 
dependence in symptomatic or asymptomatic 
patients, the first option should be craniotomy 
and fenestration [39].

4  Conclusion

The size of ACs remains stable or increases over 
time. While the treatment is necessary for ACs 
causing mass effect, the treatment of asymptom-
atic cysts is controversial. Fenestration of ACs is 
performed by endoscopic surgery or craniotomy. 
If these methods are unsuccessful, the patient 
should be treated with external or internal shunts. 
Each technique that is used in the treatment has 
its own complications. In order to minimize com-
plications, the patient should be evaluated appro-
priately in the preoperative period. The size and 
location of the cyst and the duration of the symp-
toms should be taken into consideration. To pre-
vent complications and recurrence, cyst 
fenestration should be performed in two areas: 
the entrance of the cisterns and the deep sub-
arachnoid portion adjacent to them. Appropriate 
techniques should be used to prevent vascular 
and cranial nerve complications in the fenestra-
tion of the cyst.
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Part VI

Outcome and Prognosis of Arachnoid Cysts

 Editor’s Summary

In this “Part VI: Outcome and Prognosis of Arachnoid Cysts,” there are a total 
of four chapters describing the outcomes associated with arachnoid cysts 
(ACs) and their prognosis. In general, the prognosis for these benign lesions 
is quite good with their prompt diagnosis and timely treatment if surgical 
intervention is deemed necessary. Despite intervention, there is a potential for 
recurrence with reparation of the cyst wall and with fluid reaccumulation as 
described in 31 of the last part of this book. With the slight chance for 
recurrence, there is a need for follow-up of ACs after their treatment which is 
discussed in 32. The evolution of the future management of ACs is presented 
in 33. It should be emphasized that ACs are intracranial and intraspinal space-
occupying lesions that can cause neurological symptoms and morbidity with 
a delay in diagnosis and treatment. As exemplified through interesting case 
scenarios, this delay can lead to medicolegal consequences that are illustrated 
in several clinical cases described in the last chapter of this work.
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Recurrence of Arachnoid Cysts

Brandon M. Wilkinson and Walter A. Hall

1 Introduction

Arachnoid cysts (ACs) are benign lesions which 
are frequently managed conservatively, although 
they may become symptomatic and a variety of 
surgical treatment options may be indicated in 
these cases. Unfortunately, recurrence of ACs 
may arise from inadequate fenestration into the 
surrounding cerebrospinal fluid (CSF) spaces, 
gradual closure of surgically created stomas, or 
shunt failure. Here a summary of the natural his-
tory and the various treatment options for ACs is 
provided in this chapter.

2  Natural History of Arachnoid 
Cysts

ACs are thought to develop from splitting and 
duplication of the developing endomeninx in 
embryogenesis [29, 30]. Secretory enzymes are 
contained within the cyst walls, with cyst enlarge-
ment resulting from accumulation of CSF. 
Additionally, a ball- valve mechanism may con-
tribute to their enlargement [29]. A detailed dis-
cussion of their pathogenesis is provided 
elsewhere in this text. The clinical presentation of 

ACs varies, ranging from complications of cyst 
rupture including subdural hematoma/hygroma, 
to headache, focal neurological deficits based on 
cyst location, seizures, developmental delay, and 
behavioral changes [6, 31]. The most common 
site of origin is the middle cranial fossa, followed 
by the posterior fossa, frontal convexities, and the 
suprasellar region [1, 19]. Middle fossa ACs dis-
play a left- sided predominance and are more 
common in male patients [19]. A variety of surgi-
cal treatments have been described, including 
cyst wall fenestration with or without the use of 
endoscopy, microsurgical membrane resection, 
and cyst shunting.

Indications for surgery often include symp-
toms related to elevated intracranial pressure sec-
ondary to cyst mass effect and CSF flow 
obstruction, with resultant compression of sur-
rounding neural structures [36]. In pediatric 
patients this often manifests as headache, nausea, 
vomiting, enlarging head circumference and full 
fontanelles in younger children, and papilledema 
in older children [2, 6]. Suprasellar cysts may 
also cause endocrine anomalies including preco-
cious puberty as well as cranial nerve deficits [2, 
6]. In adult patients, the incidence of ACs is 
approximately 1.4% [19]. They typically display 
a benign clinical course and similarly have a 
higher prevalence in men. Al-Holou et  al. sug-
gested sellar and suprasellar cysts are those most 
likely to be symptomatic in adults, with middle 
fossa cysts rarely manifesting with clinical symp-
toms. During a follow-up period of over 2 years, 
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2% of cysts were found to enlarge and 1% were 
found to decrease in size. Only 24 of 661 patients 
identified required surgical treatment [1].

Spinal ACs may also occur less commonly 
than intracranial lesions. These patients may 
present with myelopathy or extremity numbness 
and weakness depending on the anatomic loca-
tion. While typically intradural, the presence of a 
dural defect can give rise to extradural cysts as 
well [16].

A large number of cysts are discovered inci-
dentally. In the absence of significant clinical 
symptoms, they are treated conservatively with 
imaging surveillance. Such cysts often remain 
stable in size and do not require surgery, unless 
complicated by rupture or subdural hematoma [1, 
13]. Spontaneous resolution of ACs has also been 
described [26, 27]. In this chapter we focus on 
AC recurrence following surgical treatment.

3  Surgical Treatment 
of Arachnoid Cysts

A variety of surgical procedures for treatment of 
ACs may be performed, after careful consider-
ation of the surrounding anatomic structures, 
degree of mass effect, and proximity to the ven-
tricular system and surrounding cisterns. 
Treatments range from fenestration of the cyst 
wall into adjacent CSF spaces, resection of cyst 
walls, and cyst shunting. A detailed discussion of 
the various surgical approaches and associated 
technical nuances will be described elsewhere in 
this text.

In the case of cyst fenestration, open micro-
surgical fenestration began being largely 
described in the 1970s with moderate success. 
Fewel et  al. reported a treatment success rate 
without subsequent intervention on the order of 
50% in a case series of patients treated from 1976 
to 1986. As surgical techniques improved, they 
reported an increased success rate of 60% in 
patients treated from 1987 to 1996. In patients 
without hydrocephalus, cyst fenestration had a 
significantly higher rate of success [14]. 
Subsequent studies have shown an improved rate 
of cyst resolution via microsurgical treatment 

[18]. In the case of middle fossa cyst, Levy et al. 
described a series of 50 patients treated via fenes-
tration through a keyhole approach. Of all 
patients treated, 82% demonstrated decreased 
cyst size on serial imaging, with 18% demon-
strating complete cyst effacement. Hemiparesis 
and cranial nerve palsies upon initial presentation 
were most likely to improve, whereas seizure dis-
orders improved by 50% [23]. For suprasellar 
ACs, while ventriculocystostomy (VC) has been 
shown to be effective in many cases, some authors 
prefer to perform ventriculocystocisternotomy 
(VCC) to provide additional fluid outflow. Maher 
et al. suggested that while some studies lacking 
power have not validated the superiority of VCC, 
it may be associated with a decreased need for 
subsequent surgeries and can be considered the 
treatment of choice for patients with symptom-
atic supratentorial ACs [24].

The use of endoscopy has also been widely 
employed for cyst fenestration with similar rates 
of success [5, 8, 20, 33]. Advantages include a 
less invasive approach with smaller incision and 
burr hole craniotomy as opposed to a larger open 
craniotomy. Some authors have described how-
ever less ability to control bleeding, in some 
cases requiring conversion to open craniotomy 
[31]. Additionally, the absence of hydrocephalus 
makes fenestration into the ventricles impracti-
cal [9]. The rates of intraoperative bleeding com-
plications overall appear similar when comparing 
endoscopy to microsurgical fenestration [5, 8, 
20, 33]. Several case series have reported the 
success in reducing the radiographic size of ACs 
following endoscopic fenestration ranging from 
70 to 90% [5, 8, 20, 31, 33]. Patients who did not 
achieve radiographic improvement often under-
went subsequent surgical intervention via re- 
fenestration or cyst shunting. In considering the 
optimal technique, Gangemi et  al. reported 
higher success rates using endoscopy for cysts 
located in the suprasellar and quadrigeminal 
regions and posterior fossa, whereas microsurgi-
cal fenestration or shunting may be favored for 
cortical cysts [15].

Cyst shunting has also been widely shown to 
be a valid method for achieving cyst decompres-
sion. Metabolic studies have demonstrated corti-
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cal metabolic improvement following cyst 
decompression resulting in improved language 
skills in patients with supratentorial cysts and 
pre-operative aphasia [12]. Multiple techniques 
have been described, including cyst-peritoneal, 
cyst-ventricular, cyst-subdural, and cyst-
cisterno- ventricular shunting [25, 38]. Shunting 
into the ventricular system has been shown to 
help achieve normal physiologic intracranial 
pressure relationships. D’Angelo et  al. demon-
strated a progressive decrease in cyst volume in 
patients over the course of 1 year following cyst- 
ventricular shunting [10]. In some cases, reduc-
tion in cyst volume may be less apparent; 
however after improving communication 
between CSF compartments, symptomatic 
improvement has been shown in such patients 
where significant radiographic improvement did 
not occur [25].

While shunting does largely achieve good 
clinical and radiographic outcomes, shunt 
implantation does raise the possibility of perma-
nent shunt dependence [3, 32]; thus many sur-
geons may opt for fenestration initially to avoid 
permanent hardware placement and the risks of 
future shunt failure. The most appropriate indi-
cation for shunt placement in AC patients is the 
presence of concomitant hydrocephalus, in 
some cases with placement of shunts both 
within the cyst and separately into the ventricu-
lar system [22].

Regardless of the shunting technique 
employed, surgical success rates appear similar 
when comparing cyst fenestration to shunting 
[25, 37, 38]. It should be noted that cyst or ven-
tricular overdrainage may occur and can result 
in subdural hematoma or hygroma formation 
[38] requiring additional surgical intervention. 
This complication however does not appear to 
be isolated to shunted patients and has been 
reported following open and endoscopic fenes-
tration [28, 35]. Both fixed-pressure and pro-
grammable valves may be used [17]; however 
careful consideration is required when deciding 
upon valve type to avoid post-operative 
complications.

4  Recurrence of Arachnoid 
Cysts Following Surgical 
Intervention

Given the overall success in alleviating symp-
toms and achieving good radiographic outcomes 
following surgical intervention, AC recurrence is 
relatively uncommon [21]. There appear to be 
two main reasons for cyst recurrence. First, the 
closure of fenestrated membranes may lead to 
cyst fluid reaccumulation and impaired commu-
nication with surrounding CSF spaces. Second, 
in patients treated with shunting, shunt failure 
also leads to cyst recurrence.

In the case of previously fenestrated mem-
brane closure, several studies have proposed the-
ories on why cyst wall closure occurs, raising 
into question whether cyst-ventricular or cyst- 
ventricular- cisternal fenestration should be per-
formed. Crimmins et  al. [9] studied 23 patients 
with suprasellar ACs requiring surgical interven-
tion with a follow-up period of approximately 4 
years. In their case series, VCC achieved a 100% 
success rate in radiographically reducing cyst 
size with clinical improvement in all patients, 
whereas VC was effective in 25% of cases with 
long-term follow-up. They observed a valve-like 
aperture in the cyst inferior membrane in several 
patients, hypothesizing that flow through the cyst 
may go in one direction, making it necessary to 
perforate both superior and inferior membranes 
in order to allow for communication, since perfo-
ration of the basal stoma allows flow into the 
basal cisterns. The upper stoma may close over 
time in such cases, leading to cyst recurrence. 
While failure rates did not achieve statistical sig-
nificance due to the power of the study, failures 
were seen more often in VC alone and usually 
occurred within several months after surgery. 
Subsequent surgeries after recurrence may 
include repeat endoscopic fenestration; however 
this approach may often fail as well. While shunt 
implantation after initial failure is a valid option, 
many authors prefer repeat fenestration to avoid 
permanent hardware implantation in cases of late 
treatment failure.

Recurrence of Arachnoid Cysts
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Decq et  al. described similar findings in a 
study comparing VC and VCC in two patients 
with suprasellar ACs [11]. Magnetic resonance 
CSF flow studies were performed pre- and post- 
operatively for both patients. In the patient treated 
initially with VCC, resolution of intracranial 
hypertension was achieved, and symptoms 
remained resolved after 2 years with no subse-
quent surgeries required. In the patient treated 
with VC however, symptoms returned after 18 
months. CSF flow studies showed asynchronous 
flow between the cyst and the fourth ventricle, 
suggesting a closed stoma and impaired commu-
nication with the surrounding CSF spaces. A sub-
sequent VCC was performed with good clinical 
outcome. In this patient, continued turbulent CSF 
flow around the cyst was noted after VC.  The 
authors hypothesize that bowing of the third ven-
tricle occurs and can cause direct obstruction of 
the apical stoma. In cases where the basal stoma 
is widely opened, this secondary obstruction does 
not occur. These findings are further supported in 
a case series of four patients by Caemaert et al. 
[4] treated with endoscopic fenestration, in which 
closures of the apical membrane were observed 
post-operatively.

Cases of recurrence after fenestration have 
also been described in convexity cysts [34]. 
Suzuki et al. described a case in which a 62-year- 
old woman with a right occipital convexity AC 
was treated with fenestration to the subarachnoid 
space. After a follow-up of 6 years, her initial 
visual symptoms and headache recurred, with 
MRI demonstrating cyst enlargement compared 
to post-operative imaging. She underwent subse-
quent membranectomy with a cyst Ommaya res-
ervoir placed. A similar mechanism of membrane 
closure is suspected. While such cases are rare in 
the literature, reported delayed recurrence sug-
gests long-term follow-up is appropriate for AC 
patients post-operatively.

In patients treated with shunting, AC recur-
rence due to shunt failure has been reported [7, 9, 
37]. Ciricillo et al. reported 20 patients with ACs 
treated with a cyst-peritoneal shunt, many of 
which were subsequently placed following cyst 
fenestration. After a follow-up of 8 years, 30% of 
patients required shunt revision due to cyst recur-

rence [7]. While additional surgeries were 
required in these patients, a significant difference 
in the success rates was seen, with shunting 
appearing more efficacious than fenestration in 
achieving radiographic improvement. No predic-
tors of shunt failure were determined; however no 
patients with middle fossa cysts required shunt 
revision, suggesting that this location may be 
more amenable to shunting compared to other 
locations.

Raffel et  al. reported similar outcomes in a 
study analyzing 12 patients with ACs treated with 
cyst-peritoneal shunting [29]. Seven patients were 
treated with fenestration initially and underwent 
subsequent shunt placement, while five were 
treated with shunting upfront. Of the 12 total 
patients, 5 required one or more revision for cyst 
recurrence. They concluded that concomitant 
hydrocephalus should be treated with shunting, 
either with simultaneous cyst fenestration or by 
shunting alone, as 76% of patients without hydro-
cephalus remained shunt-free. The rates of shunt 
failure in AC patients appear similar to those asso-
ciated with other pathologies [10, 17, 22].

5  Conclusion

ACs are benign lesions arising from duplication 
of arachnoid membranes in embryogenesis. 
When symptomatic, they can lead to headaches, 
macrocephaly, seizures, focal deficits, and ele-
vated intracranial pressures. A variety of surgical 
treatment methods exist, including microsurgi-
cal or endoscopic cyst wall fenestration, mem-
brane resection, and cyst shunting. Recurrence 
following surgical intervention may arise from 
impaired communication with surrounding CSF 
spaces with early or delayed stoma closure or in 
cases of shunt failure. While not shown to be sta-
tistically significant, cyst communication with 
surrounding cisterns in addition to the ventricu-
lar system may be favored over communication 
with the ventricular system alone in appropriate 
cases. Cyst fenestration is often preferred over 
shunt implantation as a first-line surgical treat-
ment to avoid the potential for future shunt 
failure.

B. M. Wilkinson and W. A. Hall



353

References

1. Al-Holou WN, Terman S, Kilburg C, Garton HJ, 
Muraszko KM, Maher CO.  Prevalence and natural 
history of arachnoid cysts in adults. J Neurosurg. 
2013;118(2):222–31.

2. Al-Holou WN, Yew AY, Boomsaad ZE, Garton HJ, 
Muraszko KM, Maher CO.  Prevalence and natural 
history of arachnoid cysts in children. J Neurosurg 
Pediatr. 2010;5(6):578–85.

3. Arai H, Sato K, Wachi A, Okuda O, Takeda 
N. Arachnoid cysts of the middle cranial fossa: experi-
ence with 77 patients who were treated with cystoperi-
toneal shunting. Neurosurgery. 1996;39(6):1108–12; 
Discussion 1112-3.

4. Caemaert J, Abdullah J, Calliauw L, Carton D, Dhooge 
C, van Coster R. Endoscopic treatment of suprasellar 
arachnoid cysts. Acta Neurochir. 1992;119:68–73.

5. Choi JU, Kim DS, Huh R.  Endoscopic approach to 
arachnoid cyst. Childs Nerv Syst. 1999;15:285–91.

6. Cilluffo JM, Onofrio BM, Miller RH. The diagnosis 
and surgical treatment of intracranial arachnoid cysts. 
Acta Neurochir. 1983;67(3-4):215–29.

7. Ciricillo SF, Cogen PH, Harsh GR, Edwards 
MS. Intracranial arachnoid cysts in children. A com-
parison of the effects of fenestration and shunting. J 
Neurosurg. 1991;74(2):230–5.

8. Couvreur T, Hallaert G, Van Der Heggen T, Baert E, 
Dewaele F, Okito JPK, Vanhauwaert D, Deruytter 
M, Roost DV, Caemaert J.  Endoscopic treatment 
of  temporal arachnoid cysts in 34 patients. World 
Neurosurg. 2015;84:734–40.

9. Crimmins DW, Pierre-Kahn A, Sainte-Rose C, Zerah 
M.  Treatment of suprasellar cysts and patient out-
come. J Neurosurg. 2006;105(2 Suppl):107–14.

10. D’Angelo V, Gorgoglione L, Catapano G. Treatment 
of symptomatic intracranial arachnoid cysts by ste-
reotactic cyst-ventricular shunting. Stereotact Funct 
Neurosurg. 1999;72(1):62–9.

11. Decq P, Brugieres P, Le Guerinel C, Djindjian M, 
Keravel Y, Nguyen JP. Percutaneous endoscopic treat-
ment of suprasellar arachnoid cysts: ventriculocys-
tostomy or ventriculocystocisternostomy? Technical 
note. J Neurosurg. 1996;84:696–701.

12. De Volder AG, Michel C, Thauvoy C, Willems G, 
Ferrière G. Brain glucose utilisation in acquired child-
hood aphasia associated with a sylvian arachnoid cyst: 
recovery after shunting as demonstrated by PET.  J 
Neurol Neurosurg Psychiatry. 1994;57:296–300.

13. Domenicucci M, Russo N, Giugni E, Pierallini 
A.  Relationship between supratentorial arachnoid 
cyst and chronic subdural hematoma: neuroradio-
logical evidence and surgical treatment. J Neurosurg. 
2009;110(6):1250–5.

14. Fewel ME, Levy ML, McComb JG.  Surgical treat-
ment of 95 children with 102 intracranial arachnoid 
cysts. Pediatr Neurosurg. 1996;25(4):165–73.

15. Gangemi M, Seneca V, Colella G, Cioffi V, Imperato 
A, Maiuri F.  Endoscopy versus microsurgical cyst 

excision and shunting for treating intracranial arach-
noid cysts. J Neurosurg Pediatr. 2011;8(2):158–64.

16. Garg K, Borkar SA, Kale SS, Sharma BS.  Spinal 
arachnoid cysts - our experience and review of litera-
ture. Br J Neurosurg. 2017;31(2):172–8.

17. Germano A, Caruso G, Caffo M, Baldari S, Calisto A, 
Meli F, Tomasello F. The treatment of large supraten-
torial arachnoid cysts in infants with cyst-peritoneal 
shunting and Hakim programmable valve. Childs 
Nerv Syst. 2003;19(3):166–73.

18. Gosalakkal JA.  Intracranial arachnoid cysts in chil-
dren: a review of pathogenesis, clinical features, and 
management. Pediatr Neurol. 2002;26(2):93–8.

19. Helland CA, Lund-Johansen M, Wester K. Location, 
sidedness, and sex distribution of intracranial arach-
noid cysts in a population-based sample. J Neurosurg. 
2010;113(5):934–9.

20. Hopf NJ, Perneczky A.  Endoscopic neurosurgery 
and endoscope-assisted microneurosurgery for 
the treatment of intracranial cysts. Neurosurgery. 
1998;43:1330–6.

21. Jallo GI, Woo HH, Meshki C, Epstein FJ, Wisoff 
JH.  Arachnoid cysts of the cerebellopontine angle: 
diagnosis and surgery. Neurosurgery. 1997;40(1):31–
7; Discussion 37-8.

22. Kaplan BJ, Mickle JP, Parkhurst R. Cystoperitoneal 
shunting for congenital arachnoid cysts. Childs Brain. 
1984;11(5):304–11.

23. Levy ML, Wang M, Aryan HE, Yoo K, Meltzer 
H.  Microsurgical keyhole approach for middle 
fossa arachnoid cyst fenestration. Neurosurgery. 
2003;53(5):1138–44; discussion 1144–1145.

24. Maher CO, Goumnerova L. The effectiveness of ven-
triculocystocisternostomy for suprasellar arachnoid 
cysts. J Neurosurg Pediatr. 2011;7(1):64–72.

25. McBride LA, Winston KR, Freeman 
JE.  Cystoventricular shunting of intracranial arach-
noid cysts. Pediatr Neurosurg. 2003;39(6):323–9.

26. McDonald PJ, Rutka JT. Middle cranial fossa arach-
noid cysts that come and go. Report of two cases 
and review of the literature. Pediatr Neurosurg. 
1997;26(1):48–52.

27. Mokri B, Houser OW, Dinapoli RP.  Spontaneous 
resolution of arachnoid cysts. J Neuroimaging. 
1994;4(3):165–8.

28. Okano A, Ogiwara H. The effectiveness of microsur-
gical fenestration for middle fossa arachnoid cysts in 
children. Childs Nerv Syst. 2016;32(1):153–8. https://
doi.org/10.1007/s00381- 015- 2908- y.

29. Raffel C, McComb JG.  To shunt or to fenestrate: 
which is the best surgical treatment for arach-
noid cysts in pediatric patients? Neurosurgery. 
1988;23(3):338–42.

30. Rengachary SS, Watanabe I, Brackett CE.  Patho-
genesis of intracranial arachnoid cysts. Surg Neurol. 
1978;9(2):139–44.

31. Schroeder HW, Gaab MR, Niendorf WR.  Neuroen-
doscopic approach to arachnoid cysts. J Neurosurg. 
1996;85:293–8.

Recurrence of Arachnoid Cysts

https://doi.org/10.1007/s00381-015-2908-y
https://doi.org/10.1007/s00381-015-2908-y


354

32. Shim KW, Lee YH, Park EK, Park YS, Choi JU, Kim 
DS.  Treatment option for arachnoid cysts. Childs 
Nerv Syst. 2009;25(11):1459–66.

33. Spacca B, Kandasamy J, Mallucci CL, Genitori 
L.  Endoscopic treatment of middle fossa arachnoid 
cysts: a series of 40 patients treated endoscopically 
in two centres. Childs Nerv Syst. 2010;26(2):163–72.

34. Suzuki M, Tamaki T, Toda S, Tsuchiya M, Kogure K, 
Hosone M, Node Y, Teramoto A.  Delayed recurrent 
arachnoid cyst of the occipital convexity in an elderly 
woman. Neurol Med Chir. 2009;49(3):134–7. https://
doi.org/10.2176/nmc.49.134.

35. Tamburrini G, Caldarelli M, Massimi L, Santini P, Di 
Rocco C. Subdural hygroma: an unwanted result of 

Sylvian arachnoid cyst marsupialization. Childs Nerv 
Syst. 2003;19(3):159–65. https://doi.org/10.1007/
s00381- 003- 0724- 2.

36. Van der Meche FG, Braakman R.  Arachnoid cysts 
in the middle cranial fossa: cause and treatment of 
progressive and non-progressive symptoms. J Neurol 
Neurosurg Psychiatry. 1983;46(12):1102–7.

37. Wang Y, Wang F, Yu M, Wang W. Clinical and radio-
logical outcomes of surgical treatment for symp-
tomatic arachnoid cysts in adults. J Clin Neurosci. 
2015;22:1456–61.

38. Wester K. Arachnoid cysts in adults: experience with 
internal shunts to the subdural compartment. Surg 
Neurol. 1996;45(1):15–24.

B. M. Wilkinson and W. A. Hall

https://doi.org/10.2176/nmc.49.134
https://doi.org/10.2176/nmc.49.134
https://doi.org/10.1007/s00381-003-0724-2
https://doi.org/10.1007/s00381-003-0724-2


355

Follow-Up of Arachnoid Cysts: 
Brain Plasticity Following Surgery 
for Arachnoid Cysts

Samuel Hall, Benjamin Gaastra, 
and Vassilios Tsitouras

1  Introduction

The majority of arachnoid cysts (ACs) are found 
incidentally and do not require surgical interven-
tion. Surgical intervention is reserved for cysts 
which are causing symptoms due to mass effect 
or growing on surveillance imaging. It is expected 
that following surgical intervention the cyst will 
reduce in size and the brain expands to fill some, 
or all, of the space occupied by the AC. The 
change in the brain shape is referred to as brain 
plasticity. This chapter will explore how surgical 
intervention changes the cyst size, subsequent 
brain plasticity and what implications this has for 
patient outcomes.

2  Brain Compliance

Brain plasticity and the change in cyst volume 
are governed by the principles of compliance. 
Compliance is the tendency of a structure to 
change volume dependent on the change in pres-
sure exerted against it. Elastance/stiffness is the 
inverse of compliance:

 
Compliance

Changein volume

Changein pressure
=

 
Although ACs are congenital, those that 

undergo surgery are likely symptomatic and thus 
growing. Growth occurs as intra-cystic pressure 
puts increased stress on the brain parenchyma, 
thus deforming it. When the intra-cystic pressure 
is reduced, following surgery, a new pressure gra-
dient is generated across the cyst wall. The abso-
lute value of pre-operative intra-cystic pressure 
does not relate to the degree of post-operative 
volume change [19]; thus variations in brain 
compliance likely determine the degree of post- 
operative brain expansion following the reduc-
tion of intra-cystic pressure.

Brain parenchyma is modelled as viscoelastic, 
and its stiffness is measured using the complex 
(dynamic) shear modulus. Complex shear modu-
lus increases with age [34] and myelination [6] 
and varies within the brain. For example, the cer-
ebellum is softer than the cerebrum [6]. Unlike 
elastic materials which do not lose energy when 
deformed (and thus demonstrate complete return 
to original size when stress is released), visco-
elastic materials lose energy due to molecule 
reorganisation and thus display plastic deforma-
tion even if the stress is within the elastic limit 
(maximum degree of deformation before effect 
becomes permanent). These principles have been 
demonstrated based on short-term deformations, 
over seconds, and how they apply to the relax-
ation of the brain which has been deformed over 
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weeks, months or even years is not known. The 
brain is far more complex than a simple polymer 
and exists in a dynamic environment; however, 
its viscoelastic nature may limit how much it will 
return to its original size.

3  How to Measure Cyst Volume

There are a number of techniques which can be 
used to measure AC volume depending on the 
imaging technology available. Techniques differ 
in their accuracy, skillset required to calculate 
and time requirement.

3.1  The MacDonald Method

The MacDonald method was initially described 
to measure tumour volumes using simple mea-
sures on cross-sectional imaging [10]. However, 
it is also translatable to measuring volumes of 
ACs [39, 40]. The modified MacDonald method 
uses linear measurements on cross-sectional 
imaging and takes the largest diameters of the 
cyst in cross section (named d1 and d2), the num-
ber of slices the cyst appears on (s) and the thick-
ness of the slices (t). It is very similar to the 
better-known ABC/2 method with subtle differ-
ences generated by the incorporation of π. It does 
not require additional computational input 
beyond linear measurements on source images 
and is quick to calculate:

 
Volume =

× × × ×π d d s t1 2

6  

3.2  Volumetric Segmentation

Segmentation is the process of building a 3D 
model of a structure based on its boundaries as 
shown on radiological imaging such as CT or 
MRI. Many good descriptions on the science of 
volume segmentation have already been pub-
lished [38], and further detail is beyond the scope 
of this chapter. There are a number of computer 
programmes available for clinicians which utilise 

DICOM data and simplify the process to produce 
a final volume. While previous work by the 
authors used the open-source 3D Slicer [16], 
there is no evidence that any one program is 
superior.

Choosing which imaging sequence to use for 
building a segmentation model will depend on the 
cyst anatomy. For example, large convexity cysts 
have boundaries that are easily visualised on any 
type of cross-sectional imaging and all MRI 
sequences. However small cysts in regions with 
multiple arachnoid layers (e.g. suprasellar cysts) 
require more sensitive MRI sequences such as a 
fine slice constructive interference in steady state 
(CISS) to best delineate the cyst margins. The 
slice thickness can influence model accuracy as 
the top and bottom boundaries of the cyst will lie 
between slices. The greater the slice thickness, the 
more cyst will be missed as the true boundary is 
further from the last slice on which the cyst is vis-
ible. This is illustrated in Fig. 1 with a theoretical 
spherical cyst with 50-mm diameter and assumes 
a slice thickness of 5 mm which demonstrates a 
potential 2% error for each end of the sphere. If 
the cyst is smaller and all other parameters are the 
same, then this error will be greater.

Defining volume boundaries is done either 
manually by tracing the outline on the imported 
imaging and repeating this for all the imaging 
slices for the object in question or automatically 
using the software’s algorithms based on the con-
trast against surrounding structures. Once a 3D 
model has been built, the segmented volumes 
require surface smoothing and hole filling to gen-
erate a final volume.

3.3  Method Comparison

With the easy access of the necessary computer 
programmes, segmentation models are now the 
gold standard method for measuring cyst volume. 
Segmentation allows more accurate measure-
ment, particularly of irregular shapes, than the 
MacDonald method. A study by Tamimi et  al. 
[39] using a mixed cohort of locations and ages 
found that volumetric segmentation models gen-
erated a larger cyst volume than the modified 
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2.5 cm

Image slices

h 0.4 cm

Volume =    x π × r3

r

4
3

65.45cm3 =    x π × 2.534
3

Volume a sphere part =    x π × h2 × (3r – h)1
3

1.19cm3 =    x π × 0.42 × (3x 2.5 – 0.4)1
3

Fig. 1 A schematic demonstrating total cyst volume (left) and the volume of cyst missed in imaging slices (right)

MacDonald method. However, the percentage 
volume change between pre- and post-operative 
scans was the same for both approaches. Neither 
method better correlated with symptom improve-
ment. There is no consensus of whether auto-
mated or manual methods for defining the volume 
perimeter are more accurate, and it is likely that 
any differences are not clinically significant.

3.4  Classification of Post- 
Operative Radiological 
Outcomes

Once the cyst volume has been calculated pre- 
and post-operatively, it is possible to assign 
radiological outcomes based on the percentage of 
improvement. A volume reduction dichotomised 
to >50% or <50% is most commonly used in the 
literature to demonstrate surgical success. 
Helland et  al. have expanded this to describe a 
simple 1–4 scoring system ranging from com-
plete cyst disappearance (NOG1), >50% reduc-
tion (NOG2) and <50% reduction (NOG3) to no 
change (NOG4) [17]. How well these classifica-
tions actually relate to clinical outcome will be 
described below.

4  Influence of Surgical 
Modality on Brain Plasticity

As already well described, there are three broad 
categories for surgical intervention to treat an 
AC. These are endoscopic fenestration, microsur-
gical fenestration/marsupialisation and cysto- 
peritoneal shunting. Choosing between 
approaches is based on cyst location and surgeon 
preference and will not be discussed here nor will 
the clinical outcomes; however we will consider 
the effect of surgical approach on post-operative 
cyst volume change.

4.1  Endoscopic Series

4.1.1  Sylvian Fissure Cysts
The Sylvian fissure AC is the most common loca-
tion, and its adjacence to the basal cisterns makes 
it ideal to be treated by fenestration. Over the last 
30 years as endoscopic technology has improved, 
there has been a shift towards performing these 
fenestrations endoscopically.

Li et al. [25] used volumetric segmentation for 
their 28 patients and found average pre-operative 
volume of 135 cm3 which reduced to 93 cm3 at 
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4-month follow-up of which 21% of patients did 
not change their volume at all. The series from 
Couvreur et al. [8] reported that 91% of patients 
with a Sylvian cyst treated endoscopically saw at 
least a 10% cyst volume reduction afterwards. 
This was further itemised by Galassi classifica-
tion with 100% of Galassi 1 and 88% of Galassi 
3 cysts reaching the threshold of 10% reduction. 
Gui et al. [15] found that 16% of Sylvian cysts 
radiologically fully resolved, 60% showed partial 
reduction and 24% did not change in volume. 
Okano et al. [30] found similar results with 11% 
disappearing completely and the remainder 
showing partial resolution.

Notwithstanding the different reporting mea-
sures for radiological outcomes, all series of 
Sylvian cysts report up to 20% of patients show-
ing no improvement with approximately 10–20% 
seeing full resolution.

4.1.2  Suprasellar Cysts
Suprasellar cysts are naturally much smaller than 
those in the Sylvian fissure, and thus the absolute 
volume reduction is not comparable. Given that 
they are less common, there are fewer series pub-
lished on their radiological outcomes compared 
to the Sylvian location. A useful classification 
scheme from Paris combines an anatomical ori-
gin of these cysts with clinical and radiological 
features [5].

Gangemi et al. [13] published a series of five 
suprasellar cysts managed endoscopically using a 
mixture of ventriculo-cystostomy and ventriculo- 
cysto- cisternostomy (VCC). They found an aver-
age volume reduction of 34% including one 
patient whose cyst was unchanged. Ma et al. [26] 
presented a larger series of 23 patients treated 
predominantly with VCC and found a 68% aver-
age volume reduction, double that seen by 
Gangemi et  al. The high pre-operative volume 
(mean 39 cm3) in Ma et al. may have resulted in 
large volume changes. Rizk et al. [33] only had 
six patients but started with an even higher mean 
of 153 cm3 and achieved a 75% volume reduc-
tion. Lastly, Maher and Goumnerova [27] treated 
11 patients using VCC but did not use volumet-

rics for comparison although they did find that 
73% of cysts fully resolved and only one did not 
change at all.

4.2  Open Series

Open microsurgical techniques depend on the 
cyst location and proximity to a CSF space, and 
the options include fenestration into a cistern or 
ventricle or marsupialisation (remove the parietal 
cyst membrane) or both.

The Helland and Wester group presented a 
series of 45 patients [21] treated with craniotomy, 
parietal cyst wall resection and cistern fenestra-
tion, all of which were Sylvian in location. Using 
their NOG outcome classification, 55% of their 
patients achieved a 50% reduction in cyst volume 
or better, and only 4% had no change in cyst 
volume.

The series of 20 patients by Tamimi et al. [39] 
contained an assortment of locations and patient 
ages treated with fenestration and cyst wall 
removal. Eighty-five percent of the series had a 
Sylvian/fronto-temporo-parietal cyst making it 
loosely comparable to Helland and Wester, and 
they achieved an overall reduction in cyst volume 
from 111 cm3 to 34 cm3 (70% reduction). Only 
two patients had a reduction of less than 10%. 
Unfortunately, because they report outcomes 
using different measures, it isn’t possible to make 
further comparisons between these two purely 
open series.

4.3  Cysto-peritoneal Shunt Series

The large series by Zhang et al. [43] of primary 
cysto-peritoneal shunting in children reports that 
only 5% of cysts did not reduce in volume. This 
is comparable to the two open series described 
above. Unfortunately, Zhang et al. did not include 
further details on cyst volumes or percent (%) 
volume reduction which are required to further 
compare this series to volume reduction in other 
treatment methods [43].
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4.4  Series Comparing Surgical 
Modalities

Our series contained 56 patients treated with any 
of the three modalities [16]. The overall cyst vol-
ume change ranged from 30 to 40% for each 
technique which is more modest than some of the 
open series described above. Even when we 
focused on the subgroup with Sylvian cysts, both 
the endoscopic and microsurgical groups only 
achieved 25–30% volume reduction which is 
much lower than the 70% reported by Tamimi 
et al. [39]. Our clinical outcomes were still com-
parable despite the lower volume reduction as 
will be discussed further below.

Amelot et  al. [4] published a large series of 
patients with Sylvian ACs with an average pre- 
operative volume of 107  cm3 which matches 
Tamimi et  al. [39] above. However, they also 
found lower volume reduction than Tamimi et al. 
ranging from 45 to 60%. Amelot et al. confirmed 
our results that there is little difference in radio-
logical outcome between endoscopic and micro-
surgical procedures. Amelot et  al. were able to 
better compare CP shunts and demonstrated that 
cyst volume reduction was greater (60%) than the 
other techniques albeit not significantly so.

The trend of greater volume reduction follow-
ing CP shunting has been repeated in several 
other studies comparing the three treatment 
modalities. Kandenwein et  al. [22] compared 
open fenestration (+ cyst wall resection in one 
third) to cysto-peritoneal shunting and found a 
higher volume reduction in shunts than with open 
fenestration (74% vs. 58%). Shim et al. [36] mea-
sured how many patients achieved >50% cyst 
volume reduction and found this threshold was 
reached in 100% of CP shunt, 92% of open pro-
cedures and only 75% of endoscopic fenestra-
tions. Lastly, a systematic review of AC treatment 
in patients over 60 years old [28] reported using 
the Helland and Wester classification found that 
85–88% of patients treated with cysto-peritoneal 
shunting or cyst wall resection achieved at least 
>50% volume reduction, but this was only 
achieved by 68% of patients treated with fenes-
tration (endoscopic or microsurgical). This last 
paper is slightly marred by the grouping of 

microsurgical and endoscopic fenestrations 
together but does raise the suggestion that cyst 
wall removal may provide superior radiological 
results compared to fenestration alone.

Chen et  al. [7] published a meta-analysis of 
treatment methods for Sylvian ACs. They report 
on the rate of cyst reduction and found that 93% 
of cysts treated with CP shunts reduce in size 
compared to 87% managed with craniotomy and 
76% managed with endoscopy.

Comparing the cyst volume reduction across 
surgical modalities is inherently limited due to 
the heterogeneity of the groups. The current evi-
dence is limited to small-volume single-centre 
series and a single meta-analysis on Sylvian 
cysts. The mixture of ages and cyst locations as 
well as different measures for radiological suc-
cess makes it difficult to make direct comparison 
between techniques. It also does not recognise 
that clinical success in different locations, e.g. 
suprasellar or posterior fossa, may be achieved 
with smaller cyst volume changes and the tech-
nique offering the highest change of cyst obliter-
ation may not be necessary.

Similar measurements of the ventricular sys-
tem after successful endoscopic third ventricu-
lostomy [37] showed that the degree of volume 
reduction correlated with the initial size (larger 
ventricles showed smaller reduction) and the 
chronicity of the symptoms (longer duration had 
smaller reduction). In addition, the ventricular 
size even after some reduction and clinical 
improvement remained supernormal and stabi-
lized between 3 and 6 months. In contrast, mea-
surements in hydrocephalic patients treated with 
VP shunts showed more obvious volume reduc-
tions and a tendency to stabilise between 6 and 
12 months [42].

5  Correlation 
of Symptomatology to Cyst 
Volume Reduction

The primary aim of surgical intervention for the 
large or growing AC is to improve the symptoms 
experienced by the patient. The symptoms vary 
by cyst location but can include headaches, focal 

Follow-Up of Arachnoid Cysts: Brain Plasticity Following Surgery for Arachnoid Cysts



360

neurology, seizures, papilledema and reduced 
level of consciousness. In order to manage surgi-
cal goals and patient expectations, it is important 
to understand how radiological outcomes relate 
to clinical outcomes and thus what degree of 
brain plasticity and cyst reduction constitute a 
surgical success.

In our own series of 56 patients [16] with 
symptomatic ACs treated by either endoscopic, 
microsurgical or shunting techniques, we dichot-
omised patients based on volume reduction of 
greater or less than 50%. We found that the per-
centage of patients with symptom improvement 
or resolution was approximately 90% in both 
groups. Galarza et al. [12] found similar results 
with 100% of patients symptom-free after sur-
gery despite two thirds of patients having <50% 
reduction in cyst volume. This was true for both 
fenestration and shunting procedures. Other case 
series [3, 8, 14, 24] report no correlation between 
radiological and clinical outcomes without pro-
viding specific data.

Contrary to the above series, Kandenwein 
et  al. found that the amount of cyst resolution 
weakly correlated with the degree of clinical 
improvement (r = 0.34, p = 0.035). Although 
when dichotomising cyst volume reduction 
>50% and <50% as the series above, despite a 
clear trend favouring more good outcomes in the 
>50% reduction group, there was no significant 
difference. Unlike the series above which group 
all degrees of partial improvement together, 
Kandenwein’s assessment of clinical improve-
ment divided partial improvement into slight and 
significant. Thus, patients with only slight 
improvement may be diluting the treatment effect 
of larger volume reductions in other series.

Tamimi et al. [39] analysed a cohort of mixed 
cyst location in adults and paediatric patients 
treated by microsurgical fenestration. They 
grouped patients in the opposite manner by either 
complete or partial resolution of symptoms and 
found no difference in the percentage reduction 
in cyst volume in either group (49 vs. 60%).

The work by Helland and Wester further con-
firms the lack of correlation between size reduc-

tion and clinical outcomes in adults [18]. They 
found that 85% of patients had symptom 
reduction/resolution in both the groups with 
>50% and <50% cyst volume reduction. 
However, in their series on paediatric ACs, they 
did find a significant association between clinical 
and radiological outcomes [17]. Whether or not a 
paediatric subgroup of patients demonstrate bet-
ter correlation between brain re-expansion and 
cyst volume reduction than adults is difficult to 
confirm as other paediatric cohorts have found no 
correlation [32].

The above studies measured clinical outcome 
using change in symptoms; however Mørkve 
et al. [29] prospectively included quality-of-life 
metrics (SF-36 and Glasgow Benefit Inventory) 
in addition to clinical symptoms. While they con-
firmed that improvement of symptoms including 
headache and dizziness improved quality of life, 
the degree of reduction in cyst volume was not 
associated with improved quality of life. Using a 
maze learning test around the hospital corridors, 
the Wester group demonstrated that in a cohort of 
mixed ages and cyst locations, the post-operative 
group performed better in maze learning, com-
pared to pre-operatively, which correlated with 
symptom improvement but not with the degree of 
cyst volume reduction [21].

Karabagli and Etus [23] found that despite a 
clinical success rate of 90% only 55% of patients 
showed a reduction in cyst volume. However 
more than three quarters of patients had radio-
logical evidence of a patent fenestration which 
suggests that cyst communication and thus intra- 
cystic pressure reduction are more important than 
cyst volume.

In conclusion, the evidence on whether clinical 
symptom improvement correlates with the per-
centage of cyst size reduction is limited to single-
centre case series. The majority of these series 
report improvement following surgery but do not 
show a relationship between symptom improve-
ment and cyst volume change. However, these 
series are often a mixture of ages and locations 
and contain low numbers; thus it remains possible 
that in certain subgroups a correlation does exist.
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6  Temporal Pattern of Cyst 
Volume Reduction

It is expected that cyst volumes will reduce fol-
lowing surgery, but over what time period does 
this occur? Understanding this will help with 
patient counselling and planning routine post- 
operative imaging. Most surgical series describe 
a single point of follow-up, usually at the latest 
time point available, which misses how the cyst 
changes over time.

The series by Rabiei et al. [32] on paediatric 
cysts provides good long-term follow-up. They 
imaged patients at 3 and 12 months and found a 
significant different between pre-operative and 3 
months, but no significant difference in cyst vol-
umes between 3 and 12 months.

Schulz et al. [35] followed a paediatric series 
with mixed locations and treatment types for a 
median of 26 months. The short-term post- 
operative radiological follow-up (2–4 months) 
showed significantly smaller cyst volumes com-
pared to pre-operatively, but no further signifi-
cant reduction was seen at long-term follow-up 
(16–34 months). Lastly, Pitsika and Sgouros [31] 
published a small cohort of four patients which 
further confirms this picture whereby most of the 
improvement occurs in the first 3–6 months and 
then no/minimal change up to 48 months.

The similar results of these series show that all 
significant post-operative changes occur within 
the first few months (up to 6 months). 
Unfortunately, both of these series include a mix-
ture of open and endoscopic techniques, and thus 
any differences due to surgical approach are not 
seen. Furthermore, neither series included CP 
shunting which instinctively is likely to cause 
even more rapid drainage of the cyst contents.

7  Brain Plasticity in Adults 
Compared to Children

Children and adults have different brain compli-
ance depending on their age. Older people are 
known to have decreased brain compliance [9] 
and thus a decreased change in volume per unit of 
pressure. This affects brain plasticity when the 

intra-cystic pressure is released and thus the final 
volume of the cyst following surgery.

Making comparisons of volume reduction 
based on age is challenging because the recent 
literature is heavily weighted towards reporting 
paediatric rather than adult series. Furthermore, 
different methods of reporting, i.e. absolute vol-
umes versus classifications, make it difficult to 
directly compare outcomes across the series. In 
order to make some comparisons based on age, 
we will focus on discussing the Sylvian cyst, as 
the archetypical location, in order to remove cyst 
location as a confounder.

The series by Helland et al. [17] reported just 
over half of their paediatric temporal cysts were 
no longer visible on follow-up imaging and a fur-
ther 21% were reduced to between 0 and 50% 
giving an overall rate of 75% experiencing at 
least 50% size reduction. By comparison their 
adult series [20] demonstrated lower extents of 
volume whereby only 28% were completely 
obliterated and a further 32% showed at least 
50% reduction meaning only 60% of their 
patients achieved at least 50% reduction.

The results from the adult series by Wang 
et al. [41] do not split partial resolution into > or 
<50% and so are difficult to compare to Helland 
et al. [20]. However, their rate of complete cyst 
resolution (12%) is less than half that reported by 
Helland. Notably both of these adult series 
treated >80% of their Sylvian cysts via craniot-
omy and the remainder with shunts (cysto- 
subdural in Helland et al. or cysto-peritoneal in 
Wang et  al.) so how comparable these findings 
are to modern practice which favours endoscopic 
fenestration and how much the differences in 
radiological outcome are due to the different 
shunt procedure are unknown.

Karabagli and Etus [23] reported only 50% of 
paediatric patients had any cyst volume reduc-
tion which is much lower than Helland et  al. 
Among other paediatric series, the pre-operative 
volume of a Sylvian AC ranges from 65 to 
230 cm3 which reduced to 15–119 cm3 following 
surgery with an average volume reduction of 
45–61% [4, 31, 32, 35]. These figures include 
treatment through either endoscopic or micro-
surgical techniques.
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Given that Karabagli and Etus [23] found 50% 
of paediatric cysts did not improve and Schulz 
et al. [35] found that 22% of patients had <10% 
improvement (akin to no improvement), the 
results from El-Ghandour [11] suggest that infant 
patients may be a distinct subgroup with regard 
to radiological outcomes. El-Ghandour found 
that only 6% of infants with middle fossa cysts 
did not show radiological improvement follow-
ing endoscopic fenestration. Why infants show 
favourable radiological outcomes compared to 
other children has not been discussed, but poten-
tial mechanisms may include differing compli-
ance of the unmyelinated brain or different CSF 
hydrodynamics that change with age.

The work by Tamimi et al. [39] comparing the 
modified MacDonald method to 3D segmenta-
tion for measuring volumes includes volume 
changes in adults and children for direct com-
parison. The series had a mixture of locations 
with 55% being Sylvian; however the spread of 
locations was comparable between age groups. 
Children exhibited approximately 20% greater 
reduction in cyst volume post-operatively com-
pared to adults when measured with 3D volumet-
ric models. Of note, the opposite results were 
found using the modified MacDonald method; 
however 3D segmentation is regarded as more 
accurate. This result is consistent with the work 
by Helland et al. above.

Li et al. [25] provide a further direct compari-
son between adults and children using 3D seg-
mentation models in their series of Sylvian cysts. 
They found a statistically significant difference in 
the ages of patients whose cyst volumes reduced 
compared to those that remained unchanged (4.5 
vs. 19 years).

8  Illustrative Cases

The following cases demonstrate some of the 
findings discussed above. All segmentation mod-
els have been generated by the authors using 
Brainlab (Munich, Germany).

8.1  Case 1: Sylvian Fissure

A 4-year-old female presented through the emer-
gency department with a 10-day history of pro-
gressive headaches and vomiting following a 
minor head injury. She had not previously suf-
fered with headaches nor any other neurological 
symptoms. She had no past medical history. On 
examination she was GCS 15/15 with no focal 
neurological deficit. She underwent CT scan in 
her local hospital which demonstrated a left 
Sylvian AC with hygroma and 5 mm of midline 
shift which was later confirmed with MRI. The 
pre-operative T2 MRI (Fig. 2a) demonstrates the 
membranous boundary between the AC and the 
subdural space which can be further identified by 
the vessels which run in the outer, parietal cyst 
membrane but do not transverse the subdural 
space (Fig. 2b). Segmentation models show that 
the cyst volume is 74  cm3, and the ipsilateral 
hygroma is 202 cm3 (Fig. 3).

The patient underwent endoscopic fenestra-
tion with a left temporal burr hole followed by 
fenestrations through the cyst wall into the 
optico-carotid and carotid oculo-motor triangle. 
Post-operatively the patient made a full recovery. 
Their post-operative MRI scan at 3 months 
(Fig.  2c) shows the cyst now measures 15  cm3 
(80% reduction) and the midline shift has 
resolved, but the subdural hygroma has not 
changed at 202 cm3 (Fig. 3).

The patient likely started with a very large 
Galassi type 3 cyst which ruptured into the sub-
dural space following trauma. The cyst itself is 
well decompressed as a result of a patent fenes-
tration with some visible brain plasticity, notably 
the frontal operculum, and an objectively reduced 
cyst volume. Interestingly the hygroma remains 
unchanged as the severely deformed brain is 
unable to expand enough to fill the void likely 
due to the long-standing nature of the compres-
sion. The presence of a hygroma is clinically 
insignificant though the patient is asymptomatic, 
and over the following years, the brain may 
expand further.
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a b c

Fig. 2 Pre-operative MRI T2 sequence for case 1 (a + b) and post-operative MRI T2 (c)

Fig. 3 Segmentation models demonstrating the cyst in yellow and subdural hygroma in blue (top, pre-operative; bot-
tom, post-operative)
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8.2  Case 2: Convexity AC

A male patient was born at term with an ante- 
natal diagnosis of a convexity AC. On examina-
tion he had macrocrania with a head circumference 
on the 99.6th centile but no other neurological 
deficit. He underwent MRI scan on day 2 of life 
(Fig.  4) which demonstrated a large convexity 
AC. Segmentation confirms the volume at 
235 cm3. Of note an ante-natal MRI scan 1 week 
prior to birth had a cyst volume of 201 cm3.

The cyst wall extended to the quadrigeminal 
cistern which presents a potential site of fenestra-
tion. However, given the patient’s young age and 

the high-risk anatomy in the quadrigeminal cis-
tern, it was decided he should undergo a cysto- 
peritoneal shunt which was completed without 
incident on day 4. A post-operative MRI scan 
(Fig. 5) 1 month following surgery demonstrated 
complete obliteration of the cyst with a thin 
hygroma. He required no further surgical inter-
vention and at 2 years of follow-up was develop-
ing normally, and his head circumference 
stabilised at the 91st centile.

This case demonstrates both the validity of min-
imally invasive approaches and the plasticity of the 
paediatric brain. While it is appealing to fenestrate 
the cyst because it is a definitive treatment option 

Fig. 4 Pre-operative MRI for case 2 including segmentation
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and avoids the risk of shunt dependency, very good 
results are achievable with CP shunts. In this case 
the cyst rapidly emptied allowing full re-expansion 
of the brain. In the young, unmyelinated brain, 
there is little pressure differential across the stoma 
because the brain lacks stiffness to push against the 
cyst, whereas a shunt generates a much greater 
pressure differential between the intra-cystic and 
intra-abdominal compartments.

8.3  Case 3: Suprasellar AC

This 8-year-old girl is known to the neurosurgi-
cal department for undergoing a ventriculo- 
peritoneal shunt at 1 year of age to treat 
post- traumatic hydrocephalus. A routine MRI 
at 2 years of age demonstrated a suprasellar 
arachnoid cyst measuring 2.7  cm3. This was 
managed conservatively with a repeat MRI at 8 
years showing the cyst had grown to 3.7  cm3 
(Fig.  6a) and was now distorting the pituitary 
stalk and optic chiasm. Due to the concern of 
future endocrine and/or visual disturbance, she 
underwent an endoscopic ventriculo-cystos-
tomy. Fenestration into the cistern was not pos-
sible due to thickened opaque arachnoid 
membranes which were not easily divided nor 
could vasculature be visualised. A post-opera-
tive MRI at 2 months (Fig.  6b) demonstrated 
the cyst volume had now reduced to 2.8  cm3 
(21% reduction) and the bowing of the pituitary 
stalk and optic tracts had reduced. Their post-
operative course was uneventful, and they 
remain asymptomatic.

This case demonstrates the importance of the 
correct MRI sequences when dealing with small 
cysts in the suprasellar region. Being able to 
define the membranes is crucial in order to 
accurately measure the cyst volume especially 
when volumes are small and thus more suscep-Fig. 5 Post-operative MRI for case 2

Fig. 6 Sagittal MRI for case 3 before (a) and after (b) surgery
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tible to errors. It also demonstrates that cysts in 
some locations do not need a large volume 
change in order to achieve a clinically success-
ful surgery.

9  Proposed Algorithm 
for the Follow-Up 
of Untreated Arachnoid 
Cysts

clinic assessment every
4–6 weeks MRI in 6 months

clinic assessment every 6 months
MRI every year (fast T2)

if stable on second MRI
with at least

1 year interval  discharge

if stable on second MRI
with at least

1 year interval  discharge

age: <1 year age: 1-4 years

age: >16 years

age: 4 - 16 years

asymptomatic arachnoid cyst - children

asymptomatic arachnoid cyst - adults

 

The above diagram shows an algorithm pro-
posed by the senior author for the follow-up of 
asymptomatic ACs, based on the age of the 
patient at diagnosis. It is mostly applied for mid-
dle fossa ACs, and it’s based on the seminal work 
of Al-Holou et al. [1, 2].

10  Conclusion

There is a significant literature reporting radio-
logical outcomes after AC surgery. However, it is 
difficult to draw any conclusions on the cyst vol-
ume reduction following surgery due to the het-
erogeneity in outcome reporting. Ideally future 
series will present volumetric data in order to 
allow comparison between studies. A number of 
trends are noted in the studies discussed above. 
Firstly, cyst volume reduction following surgery 
does not correlate with clinical improvement. 
Secondly, the greatest change in cyst volume fol-
lowing surgery is seen in the first 6 months, with 

minimal reduction in volume seen beyond this 
time point. Finally, brain plasticity/cyst volume 
changes reduce as the patient ages. The primary 
role of post-operative imaging may therefore be 
to obtain a new baseline cyst volume to monitor 
for re-growth rather than as a marker of treatment 
success.
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Future Management of Arachnoid 
Cysts

Oreste de Divitiis, Vincenzo Meglio, 
Carmen Buchicchio, Elena d’Avella, 
and Giuseppe Cinalli

1  Introduction

Arachnoid cysts (ACs) are benign extra-axial 
fluid-filled neoformations, located within the layer 
of the arachnoid membrane, with an intensity of 
the contained liquid that resembles the cerebrospi-
nal fluid (CSF) on magnetic resonance imaging 
(MRI) [17]. ACs are typically found in the pediat-
ric population (75% of cases), even though they 
can be found among adults as well [1, 2, 22]. Since 
their first description by Richard Bright in 1831 
[7], much progress has been made in their man-
agement, including the implementation of micro-
scopic and endoscopic surgical approaches. 
However, nowadays a plateau seems to have been 
reached in this direction, with a slowing down in 
the developing of new treatment strategies.

In this chapter we attempt to provide a picture of 
what is the current scenario in AC treatment, trying 
to point out the main points of weakness, consider-
ing them as opportunities for harboring new 
research pathways to future implementation in the 
management of a such fascinating pathology.

2  State of the Art

In order to approach the future, being aware of 
the present is mandatory. Currently, there are 
many possible therapeutic strategies available for 
the neurosurgeon that wants to treat a patient 
with ACs. According to the majority of the papers 
in the literature, observation via periodic imaging 
acquisitions is the main adopted strategy for the 
management of asymptomatic ACs that are the 
most common ones identified. However, there are 
some situations, namely, symptomatic or grow-
ing cysts, where adopting an active strategy turns 
out to be necessary. In these cases, surgery is the 
only possible choice since non-surgical options, 
such as acetazolamide, lead to poor results [31].

The principal aim of surgical treatment is to 
allow the trapped liquor to drain into other corri-
dors, natural or artificial [15]. Moreover, another 
option is to obtain the complete excision of the 
cyst. In both cases, the final goals consist of 
reducing the pressure that the cysts exert on the 
surrounding structures or eliminating an eventual 
obstruction of CSF flow [27]. These objectives 
can be reached by adopting different strategies 
including cyst fenestration, aspiration of the cyst, 
shunting, and microscopic dissection, with cyst 
excision. These different conceptual possibilities 
translate into many different surgical techniques, 
namely, endoscopic fenestration, microsurgical 
open fenestration or excision, stereotactic intra-
cavitary aspiration or irradiation, and cysto- 
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Fig. 1 Intraoperative images of a right cerebellopontine 
angle cyst, approached by a right retrosigmoid craniot-
omy. (a) After dural opening, the right cerebellum hemi-
sphere is exposed. (b) Gentle retraction of the right 
cerebellar hemisphere and exposure of the cyst’s wall. (c) 

Opening of the cyst’s wall. (d) Visualization from the 
inside of the cyst. It’s possible to recognize facial and 
stato-acoustic cranial nerves at the emergence in corre-
spondence of the entry zone

peritoneal shunt, each one offering advantages 
and disadvantages (Fig. 1) [15, 27].

Neuroendoscopy has become more and more 
popular in the last decade, due to its minimally 
invasiveness; major safety; suitability in treating 
CSF-filled neoformations, like ACs; and the pos-
sibility of exploiting a natural road for CSF evac-
uation [13, 42, 51, 59, 67]. For all these reasons, 
it’s being considered the method of choice in the 
surgical treatment of ACs, becoming the pre-
ferred approach of many neurosurgeons [51].

In addition, as meticulously reported by Oertel 
et al., the endoscopic approach comprises differ-
ent application modalities, with specific indica-

tions, pros, and cons, namely, cisternostomy, 
cystoventriculostomy, ventriculocystostomy, and 
ventriculocysto-cisternostomy [52]. In actuating 
these different modalities, laser-assisted endo-
scopic fenestration is one of the most interesting 
applications in the field on neuroendoscopic AC 
management (Fig. 2) [8, 66].

Despite this multitude of options and the over-
all acceptable results obtained with them, there is 
no doubt that there are still margins for future 
improvements in giving the best possible long- 
term results to AC patients. Let’s analyze these 
aspects more in depth.
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Fig. 2 Endoscopic trans-ventricular trans-foraminal 
endoscopic laser-assisted fenestration of a cyst of the cho-
roidal fissure. (a, b) The cyst’s wall laser fenestration. (c) 
Examination of the visceral layer of the AC’s wall. It’s 
possible to appreciate the tentorium, right third cranial 

nerve, right inner carotid artery with its bifurcation, and 
the optic chiasm. (d) Inner cyst’s membrane fenestration. 
It’s possible to recognize the basilar artery, the posterior 
cerebral artery, and the superior cerebellar artery

3  Future of AC Treatment

3.1  Indications: Signaling 
the Path

When planning the best treatment strategy for an 
AC patient, the first issue that immediately stands 
out is a lack of clear, solid, and unique guidelines 

or globally accepted criteria that are able to pro-
vide an unambiguous decisional base for neuro-
surgeons that approach this entity, especially for 
younger ones. This issue was already raised by 
other authors, like Juan F. Martínez-Lage et al., 
almost 10 years ago, but not much has changed 
since then [44, 59]. From an analysis of the litera-
ture, only a few defined guidelines are present, 
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much regarding the management of obstructive 
hydrocephalus from suprasellar-prepontine ACs 
[46, 67]. These guidelines are derived from case 
reports and reported series, providing at most 
class II or III evidence. At the moment, to the best 
of our knowledge, treatment choices are taken 
mainly based on the surgeon’s experience and 
preferences, representing, in our opinion, the first 
main issue in AC management, seeking for future 
improvements.

More specifically, in retracing all the deci-
sional process to the best therapeutic strategy, 
two main criticisms stand out needing major 
attention from the neurosurgical society. The 
first main issue is the decision between adopting 
an active surgical approach and a conservative 
observation option. This topic, indeed, is still 
under debate among the scientific society mainly 
because of the lack of both randomized case- 
controlled class I studies and retrospective stud-
ies [45]. From an analysis of the literature over 
the last 30 years, it stands out that a certain grade 
of accordance is present in suggesting an obser-
vational approach for asymptomatic ACs, as sur-
gery may be associated with morbidity [14, 36, 
57]. In these cases, follow-up with neuroimaging 
modalities, namely, computed tomography (CT) 
and MRI, is the adopted treatment strategy. 
There are some authors, however, that are even 
in disagreement [56]. Mustansir et al., for exam-
ple, recommend surgical treatment for all cysts 
that have large dimensions (Fig. 4), regardless of 
the presence of symptoms, and the observational 
approach is only for smaller asymptomatic ones. 
In this way, they focus more on cyst dimension 
rather than on the presence or not of symptoms 
[48]. Other authors also support this attitude [24, 
38]. Masoudi et al., in a recent report of a series 
of 29 patients, suggest also treating asymptom-
atic patients with AC if they show macrocranium 
or increased head circumference. Interestingly, 
they also indicate observation as the first choice 
in symptomatic patients if headache is the only 
symptom. Thus, according to this group, the 
presence of symptoms is not enough to clearly 
indicate the necessity of a surgical approach 
[45]. According to Cincu et al., even in a frankly 
symptomatic AC patient, the relationship 

between the clinical manifestation and the cyst 
should be explored carefully, remarking on the 
necessity for objective criteria. Misjudging this 
correlation, indeed, may lead to a major risk of 
the procedure failing [15]. Tamburrini et al. also 
remarked on the uncertainty regarding the neces-
sity or not of preventive surgery in asymptomatic 
patients, specifically regarding Sylvian fissure 
ACs. He concluded that most of the authors do 
not indicate this type of active approach, prefer-
ring a passive one. In conclusion, even today, 
choosing between an active surgical approach to 
ACs and a conservative one is still a matter of 
personal experience, and clear guidelines on the 
topic are lacking. Considering that this is a life-
changing decision, this situation is no more 
acceptable in the age of the evidence-based med-
icine [67].

Secondly, which surgical approach to prefer is 
still a questioned issue, with a lot of controversies 
and variabilities among different centers and the 
final decision placed on the surgeon shoulders 
[14, 45, 57]. In our opinion, this represents a big 
issue that needs to be urgently clarified. Jung 
Won Choi et  al., in 2015, advocated for “much 
clearer and stricter criteria for surgical treatment 
of ACs” and a set of guidelines, considering the 
undoubtable rising in prevalence that this pathol-
ogy is showing in the modern neuroimaging era 
[14]. Interesting elements are already present in 
the literature. Oertel et al., in a paper presenting 
their experience of 95 endoscopic cyst fenestra-
tion procedures, suggest favoring the endoscopic 
technique when two anatomic elements are pres-
ents: a sufficient contiguity between the cyst and 
other CSF natural pathways and when the loca-
tion of the cyst is particularly suitable to this 
approach. Regarding the latter, the suprasellar, 
quadrigeminal, and the posterior fossa are eligi-
ble locations for the endoscopic fenestration 
option [51]. Jung Won Choi et al., in a case series 
ranging over a 12-year period, also based their 
choice on the cyst’s location. They opted, indeed, 
for the endoscopic approach in the case of deep- 
seated cysts and for the microsurgical one in the 
management of superficially located ACs. 
Interestingly, after having treated both locations 
with endoscopic approach for over 10 years, only 
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after 2000 the authors moved to the microsurgi-
cal approach in case of superficial cysts. They 
justify this decision as an attempt in reducing the 
risk of post-operative CSF leakage. However, 
also for this group, the location is the main crite-
ria for choosing the better approach. Finally, the 
authors suggest to prefer a cysto-peritoneal shunt 
as the approach of choice in infant patients, intro-
ducing the age of the patient as another criteria to 
consider [14]. As reported in a review of the lit-
erature, endoscopic fenestration is to be selected 
not only for suprasellar ACs but also in the case 
of multiloculated cysts, focusing in this way also 
on the composition of cyst and not just on its 
location. Always considering this aspect, 
 craniotomy should be preferred instead for well- 
circumscribed ACs, if they are not associated 
with hydrocephalus or acute events, meaning that 
also clinical aspects play a role in determining 
the necessary type of surgery. Finally, the authors 
of the review indicate cyst shunting preferentially 
for middle cranial fossa cists (Fig. 3), with raised 
intracranial pressure [15]. Gustavo Pradilla et al. 
recommend cysto-peritoneal shunt not only for 
ACs associated with intracranial hypertension 
but also extend the indications of this technique 
to the cases of failed cyst fenestration [54].

In summary, there are many aspects that must 
be considered in choosing the best surgical tech-
nique for AC treatment, creating a difficult deci-
sion. Thus, in a future prospective, a more precise 

definition of the main criteria which can help the 
neurosurgeon in adopting one certain surgical 
approach over another, from our point of view, 
may bring a great improvement in the manage-
ment of patients with ACs.

3.2  Future Improvements 
in Endoscopic Surgery:  
Cysto- E(Cho)Volution

Although for a long time the endoscopic 
approach for AC fenestration has been debated, 
the approach of choice in treating ACs in both 
infant and adult patients is further and further 
considered [14, 16, 21, 48, 57]. This diffusion is 
due to different reasons. One is, for example, the 
proximity of the cysts which are usually present 
near to the subarachnoid cisterns and the ven-
tricular system. This aspect, indeed, offers the 
opportunity of fenestrating these cysts into the 
CSF spaces using a safe, minimally invasive, 
effective, and rapid technique, associated with a 
reduction in blood loss, in comparison to the 
open microsurgical approach. Moreover, this 
approach also avoids shunt-related complica-
tions [17], which is a considerable advantage 
especially for pediatric ACs.

Despite seeming to be so near to the perfect 
approach, there is no doubt that also the endo-
scopic approach presents some limits. Jung Won 

a b c

Fig. 3 Magnetic resonance imaging (MRI) sequences 
showing a middle cranial fossa cyst. From the coronal 
T2w (a), sagittal T1w (b), and axial T2w (c) MRI 

sequences, it’s possible to appreciate the absence of cere-
bral parenchyma, filled by the cyst
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Choi et al., in a study considering the surgical 
outcome from a series of patients endoscopi-
cally treated for intracranial ACs, reported that 
it carries more surgical complications than the 
open microscopic technique, especially in terms 
of CSF leakage rates and deficits in extraocular 
movement development, due to cranial nerve 
injury [14]. Other authors also remarked, 
instead, on the higher risk of reformation of 
membranes and the recurrence of the pathology, 
when the endoscopic approach is applied [23, 
34, 48, 52]. Finally, also finding the right place 
to put the fenestration on the cyst’s wall can be 
more difficult with the endoscopic visualization 
technique, instead of with the microsurgical 
approach [52].

Fortunately, we live in a high-tech phase of 
human evolution, where many intraoperative 
image-guidance systems have been implemented 
and are at the disposal of the neurosurgeon, lead-
ing to the so-called neuronavigation-supported 
surgery. The term neuronavigation indicates a 
well-accepted methodology of image-guided sur-
gery which has proved to be useful in enhancing 
the safety and accuracy of many surgical proce-
dures, minimizing the risks of injuring vital 
structures, also in neuroendoscopy. More pre-
cisely, neuronavigation is already used in the 
endoscopic treatment of ACs, chiefly in recent 
times, based on many different navigation meth-
ods, among which the preferred are intraopera-
tive computed tomography, pre-operative or 
intraoperative MRI, stereotaxis, and even endos-
copy itself [4, 66]. Despite being undoubtedly 
powerful and useful instruments for neuronaviga-
tion, there are some specific aspects that can 
undermine their surgical application [4]. The 
main aspect to focus on in considering the limits 
of these tools when applied to AC surgery is that 
these items are usually used based on pre-opera-
tive films. This is an issue, especially in consider-
ing that intraoperative landmarks change 
frequently their position during AC surgery, for 
technical reasons. In fact, in this type of surgery, 
the fenestration of the cyst itself induces a redis-
tribution of the CSF fluid. Moreover, blood col-
lection in the surgical field is often present during 
the procedure. Both of these elements can clearly 

lead to a considerable shift of brain structures, 
making pre-operative films almost useless [35]. 
Of utmost relevance is that this landmark shift 
happens during the earliest phases of the proce-
dure, as many surgeons prefer to pierce the cyst 
before performing the very cyst fenestration [61]. 
The result is that the so-called neuronavigation 
system do not really perform its main goal, acting 
more on the contrary as an “approach imaging” 
tool [55]. For these reasons, in our opinion, the 
wider implementation for AC surgery of a well-
known tool, namely, the intraoperative endo-
scopic ultrasonography (US), may result in 
promising future improvements in AC therapeu-
tic management.

Pioneered by general surgeons for tracking the 
changes in position of soft tissues, this image- 
guided surgery instrument can be very helpful in 
solving the intraoperative problems related to 
“brain-shift” AC surgery [6, 28]. Despite the 
enormous development that intraoperative endo-
scopic US technique has shown in many neigh-
boring disciplines over the last decades, this 
image-guiding instrument has been a little bit 
overlooked. According to Klaus et  al., this is a 
consequence mostly of the excellent results in 
visualization achieved with other tools, like CT 
and MRI, based on both intraoperative and pre- 
and post-operative films. However, these power-
ful systems are far from perfection, presenting 
many limitations that make them less suitable for 
AC image-guided surgery. First of all, they still 
lack in real-time information, configuring them 
as “approach imaging” techniques, more than 
navigation ones [55]. In addition, this surgery 
assistance tools significantly interrupt the surgi-
cal workflow, showing troubles in repeated intra-
operative scanning and prolonging the surgical 
time. Moreover, they are very costly machines, 
not affordable to every center, especially con-
cerning the intraoperative MRI. This issue makes 
it available only in a small proportion of hospi-
tals, also because its usage requires specialized 
non-ferromagnetic instruments. Finally, intraop-
erative CT presents an additional disadvantage, 
which consists of the exposure to ionizing radia-
tion of both the operators and the patient. This 
latter aspect is of particular importance in AC 
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pathology, considering its preponderance in 
affecting pediatric population [50].

Keeping in mind the limits of these more 
widely used tools and with the aim to overcome 
them, we want to stress that endoscopic US tech-
nique, with some technical implementations, 
may be the only one available for navigation sys-
tems which could offer interesting improvements 
in a future perspective. This visualization tool, 
indeed, is characterized by being low cost and by 
the absence of logistical troubles, making it eas-
ily available to most neurosurgical centers and 
configuring itself as a cost-effective option [30, 
55]. Furthermore, it is the only available naviga-
tion tool that is able to provide intraoperative 
real-time image guidance, improving AC surgery 
precision and efficacy, especially in cases of 
absent landmarks or displacement, allowing neu-
rosurgeons to manage AC’s surgery in a safer and 
more precise manner. It would be interesting to 
see how better-designed probes may contribute, 
especially in critical scenarios, in the near future. 
One example of criticism is the necessity of fen-
estrating a very thick basal cyst wall. This is a 
critical situation because the thickness configures 
a situation of reduced visibility through the cyst 
wall. The result is an increased risk of damaging 
the anatomical structures caudal to the cyst [66]. 
In this situation, endoscopic US can bring a great 
contribution in improving safety, also consider-
ing that a thicker membrane makes the operator 
more confident in applying the probe on the cys-
tic wall. The result is a more efficient definition 
of the anatomical structures, converting a critical 
issue into a strength.

Obviously, in the actual state, although pre-
senting promising advantages, endoscopic US is 
not free from important limitations. It is indeed 
characterized by a low-definition visualization 
quality. Moreover, it is a user-dependent instru-
ment that requires a long learning curve which 
can be discouraging for younger neurosurgeons. 
Finally, this visualization technique is still bound 
to the necessity of physical contact to the surface 
of the structure that it is required to visualize. 
This could be dangerous since it may increase the 
risk of intraoperative blood collections and CSF 
fistula.

Noteworthy, these issues are mainly related to 
the probe’s technical advance, and, for this rea-
son, we are confident that they may be overcome 
in the near future, leading endoscopic US to play 
a key role in improving the efficacy of the surgi-
cal approach to ACs.

In conclusion, ultrasound should not be con-
sidered as an MRI/CT competitor, but it can 
surely fix many problems that are not fixed other-
wise. Moreover, further implementations in 
image-guided processes may allow for more pre-
cise path planning and placement of the endo-
scope in AC surgery, improving the efficacy of 
endoscopic fenestrations and minimizing collat-
eral damage.

3.3  Robotic Surgery for AC 
Treatment: Are We Ready 
for the (Robo)Revolution?

Speaking of future strategies for the treatment of 
neurosurgical pathologies (like ACs), it seems 
impossible to not consider a relatively new thera-
peutic option which is showing a rapid spreading 
all over the different fields of surgery: robotics. 
This appears even more true for neurosurgery, 
considering that this fascinating surgical branch 
firmly consists of high-tech accuracy-demanding 
procedures. It is not the first time that neurosur-
gery changes radically its shape by drawing from 
new technological inventions being maybe the 
most technology-intensive surgical discipline. 
Already recognized milestones in the path to the 
modern neurosurgery are, for example, the intro-
duction of microsurgery, by Yasargil and the 
Donagh group in 1970 [40, 47], which broadly 
changed the neurosurgical approach to intracra-
nial pathologies; later, the application of endos-
copy to neurosurgery, by Jho et al. in 1997, Guiot 
et  al. in the 1960s, and M.  Apuzzo in 1977, 
expanding the neurosurgical horizon by allowing 
the eyes of the surgeon to arrive inside the surgi-
cal field [3, 11, 26, 33]; and finally the implemen-
tation of intraoperative image guidance [43]. 
Nowadays, it seems more and more evident that 
we are progressively witnessing a new technical 
breakthrough in the neurosurgical operating 
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room: the “robo-revolution,” consisting in the 
introduction of robotics in neurosurgical proce-
dures to overcome the human kind limits, for the 
purpose of bringing a better surgical manage-
ment to the patient.

Despite first reporting of robotic usage in neu-
rosurgery that dates back to 1985, robotic is not 
to be considered as a suggestion or something 
abstract and nebulous [37]. On the contrary, it 
already is a reality in many operating rooms all 
over the world, affirming itself as the physical 
branch of artificial intelligence [29]. It presents 
many potential uses in medicine, comprising 
 surgeon assistance during operations. In this sce-
nario, it offers many features that undoubtedly 
turn out to be very precious, especially in the 
neurosurgical field [58]. Enhanced precision and 
steadiness, tremor filtration, high-resolution and 
better visualization of the operative field (thanks 
to the three-dimensional interface), motion scal-
ing, wider wrist motion freedom, improved ergo-
nomics, and the opportunity of introducing more 
instruments and tools in narrowed spaces are 
only the worthiest of note, from a wide range of 
advantages that are continuously growing [32, 
58]. Thus, considering the great potential contri-
bution that robotics may bring to minimally inva-
sive surgery, it seems obvious that also surgical 
management of ACs may have plenty of benefits 
from this new opportunity, perfectly matching 
the list of improvements necessary to meliorate 
AC surgical treatment.

Unfortunately, although being already a real-
ity in some fields of neurosurgery, like deep brain 
stimulation, brain biopsy, and pedicle screw fixa-
tion, efforts are continuing to be made with the 
scope to integrate it into the domain of minimally 
invasive keyhole surgery, both endoscopic and 
microscopic [5, 18, 20, 64]. This may be due, in 
part, to the fact that the neurosurgical community 
has reached a comfort zone, made of advanced 
imaging, surgical navigation, and microsurgical 
technique that they don’t want to abandon. In our 
opinion, we firmly believe that the time is ripe to 
start debating the actual effort that robotics can 
carry to the surgical AC management.

However, in introducing a new instrumenta-
tion or a new technique, careful evaluations must 

be made especially in considering if a real need-
ing for changing is present and how this innova-
tion will impact on actual know-how, carrying 
tangible new benefits to the patient. In this regard, 
it is important to consider that, although numer-
ous types of surgical robotic systems have been 
designed and developed for various purposes, 
only a few of them reached commercial or clini-
cal use, because the others didn’t really offer sat-
isfactory advantages to clinical practice. 
Particularly explicative in this sense is the story 
of the first robot introduced in neurosurgery, the 
PUMA (Programmable Universal Machine for 
Assembly, Advance Research and Robotic, 
Oxford, Connecticut). It was an industrial robotic 
arm with six degrees of freedom, which has been 
used for biopsy needle insertion into the brain in 
1985 and for the successful resection of thalamic 
astrocytoma in six children [19, 37]. Since this 
device didn’t lead to a clear advantage over the 
existing methods of performing surgery and car-
ried safety concerns, its further development was 
dismissed [60]. Keeping this in mind, it is impor-
tant to underline which are the issues present in 
AC treatments to focalize which are the ones that 
may benefit from robotic implementation.

AC is a pathology which requires very high- 
precision surgery, considering the risks related to 
cyst fenestration, such as cauterizing or cutting 
eloquent structures, causing neurological deficits 
to the patient. According to Tamburrini et  al., 
microscopic treatment of these cysts is associated 
with the risk of focal motor and cranial nerve defi-
cits and death as well. Moreover, neuroendoscopic 
cyst fenestration is limited by the difficulties faced 
in visualizing small cysts, especially for middle 
fossa ones which are often covered by the tempo-
ral lobe [67]. It’s also to consider that in this type 
of surgery it is necessary to maneuver the endo-
scope in narrowed spaces, a thing that is not sim-
ple for a human surgeon [63]. Furthermore, having 
a secure path for reaching the cyst and having the 
ability to follow it in an impeccable way are man-
datory, especially with very deeply placed ACs. In 
some cases of ACs of large dimensions (Fig. 4), it 
is possible to lose any reference point in guiding 
the choice of the fenestration, since the inner face 
of the cyst wall has the same appearance in all its 
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a b

c d

Fig. 4 MRI sequences of a huge right latero-cerebellar 
AC in an infant, causing intracranial hypertension. (a) 
Sagittal T2w MRI sequences showing the massive cere-
bellum dislocation. (b) Coronal T2w sequence of the 
same cyst. It’s possible to better appreciate the pathologi-

cally increased volume of lateral ventricles. (c, d) Axial 
sequences, T2w and T1w, respectively, showing the axial 
profile of the cyst. It is also possible to appreciate the 
pathological expansion of the temporal horns of lateral 
ventricles
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parts. In addition, during this type of surgery and 
in particular in the cases where the endoscopic 
approach has been preferred, visualization can 
often become difficult due to blood collected in the 
surgical field, which represents the main reason 
for switching to an open microscopic approach. 
This is related to another well-known limit of 
endoscopic surgery, namely, the possibility of 
introducing just one instrument at the time, which 
is disadvantageous in the case of profuse bleeding. 
These are, in our opinion, the main limitations that 
the neurosurgeon may face in surgical treating an 
AC.

In this scenario, robotics can offer interesting 
improvements for all the mentioned issues. First 
of all, surgical robots filter and attenuate physio-
logic tremor. According to what was reported by 
Nathoo et  al., robots are indeed able to reduce 
human hand tremors from 40 micrometers to 
around 4 micrometers, due to built-in dexterity 
enhancement techniques [49]. This is obviously 
particularly useful in surgical treatment of such 
delicate lesions such as the arachnoid-made 
cysts. Moreover, surgical robots enable motion 
scaling and wrist movements. All these elements 
lead to a more safe surgery, reducing risks of neu-
rological deficits, subdural collections, and death. 
Furthermore, it is worthy to say that this dexterity 
improvement, coupled with the possibility of 
placing pivot points very near to the cyst, with 
improving the surgical degree of freedom, con-
tributes to an expansion of AC surgical indica-
tions, making cysts that were impossible to 
fenestrate previously now safely reachable [10]. 
Another interesting aspect related to robotics in 
neurosurgery is the opportunity for improving 
visualization and orientation, providing 3D-HD 
vision and haptic feedback. This is of the utmost 
importance in the microsurgical treatment of 
ACs, considering that visualization is a big issue 
during these procedures. One of the latest 
improvements in the field of robotic surgical 
visualization is the implementation of flexible 
cameras, which allow careful analysis of no flat 
plane areas, especially curved ones, like a cyst’s 
walls. Another big plus of these devices is the 
opportunity to program the surgical trajectory 
based on radiological imaging. This is a big 

improvement for different reasons: not only does 
it allow one to find a safe trajectory for reaching 
the cysts, based on the reliability of artificial 
intelligence algorithms, but it also allows the sur-
geon to free himself from the visual feedback. 
This has a twofold beneficial implication: allow-
ing completion of the procedure when visualiza-
tion is difficult, such as when blood collects in 
the surgical field, but also for allowing the secure 
placement of the cyst fenestration at the correct 
location, even when anatomical landmarks are 
absent. This ability is possible because the radio-
logical and mathematical calculations become 
the very surgical guide. Interestingly, J. Plonsker 
et  al. report that they routinely use the ROSA 
device (Medtech SAS, Montpellier, France, now 
under Zimmer Biomet USA), which is a device 
for robotic stereotaxis, for guiding endoscopic 
third ventriculostomy placement. Precisely, they 
adopted this strategy as a way to solve the occa-
sional difficulty in identifying anatomical land-
marks. In this way, they have orchestrated an 
improvement in the ETV success rate [53]. 
Regarding the problem of blood collection, it is 
appropriate to report that robotics also offers the 
opportunity for introducing a major number of 
tools into a narrowed space, allowing for suction-
ing in cases of difficultly located ACs. Currently, 
multi-armed robotic systems include separate 
instruments that converge on the surgical field 
from wide angles of trajectory. This can be par-
ticularly convenient in the treatment of ACs, with 
particular attention being given to intraoperative 
complication management. Last but not least, 
surgeon comfortability contributes significantly 
to the adoption of robotic-assisted surgery. As 
reported by Little et al., up to 77% of endoscopic 
sinus surgeons reported experiencing discomfort 
attributable to surgery [41]. Robotics may be 
helpful in resolving this issue. In the case of any 
hesitancy regarding the use of robotics in AC 
treatment because this is mainly a pediatric 
pathology, it is important to realize that the first 
neurosurgical robot has been safely used in treat-
ing pediatric tumors without causing serious 
damage. The PUMA has already been used in the 
past for the resection of thalamic astrocytomas in 
six children, before being disregarded [56].
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Since robotic surgery started in neurosurgery 
in the mid-1980s, numerous surgical robotic sys-
tems have been implemented over the last 30 
years. Now there are numerous different applica-
tions in this discipline, many of which are slowly 
becoming or are already established in some sub-
sets of neurosurgical procedures. In a recent lit-
erature review on robotics in neurosurgery, there 
are more than 17 different models of robots 
described [11], many of which not all suitable for 
AC surgery application. These devices can be uti-
lized in different subgroups, depending on the 
surgical procedure in which they are involved. In 
our opinion, the ideal robotic device that can 
really improve the outcome of AC patients comes 
from the robotics for stereotaxis subgroup. From 
this group, the ROSA device (Medtech SAS, 
Montpellier, France, now under Zimmer Biomet 
USA) is undoubtedly the most promising techno-
logical advancement for AC’s future treatment. It 
is the latest generation of neurosurgical robot that 
has been gaining acceptance in frameless stereo-
tactic neurosurgical procedures. This system con-
sists of both a supervisory-control and a 
shared-control robotic devices simultaneously, 
showing a manipulator with six degrees of free-
dom and control software for planning, registra-
tion, and guidance, already accounting for over 
70 installations worldwide and over 4000 surgi-
cal interventions [60]. It has been used for tumor 
biopsies, DBS electrode placement, and laser 
ablation procedures [9, 12, 25, 39, 65]. 
Considering the wide range of indications where 
this tool has already proven its utility, the imple-
mentation in AC surgery seems just to be a matter 
of time. An interesting experience was reported 
in 2021 by Taboure et al. for treating for the first 
time a brain abscess patient with multiple recur-
rences using this amazing technology [62]. 
Considering that abscess perforation and aspira-
tion can present some similarities, from a techni-
cal perspective to AC treatment, namely, the 
necessity to create an interruption in the cyst wall 
and the need for draining the inner cyst collec-
tion, and also noting that the ROSA platform 
offers the ability to introduce an endoscope into 
the surgical field, we are confident in proposing 
that the use of this technology in AC surgery will 
be a reality in the near future [53].

4  Conclusion

Although being well-known and described neo-
formations of the nervous system, AC treatment 
is still an evolving area, which lends itself to 
many additional possibilities. Despite AC’s long 
history, future implementation is necessary and 
guideline development, for intraoperative endo-
scopic US and robotic systems adoption.
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Medicolegal Aspects of Arachnoid 
Cysts

Mehmet Turgut

1  Introduction

Arachnoid cysts (ACs), cerebrospinal fluid 
(CSF)-filled congenital space-occupying benign 
lesions, are relatively common, with an incidence 
on imaging of 2% [2, 3, 19, 24, 51, 53, 54]. These 
lesions develop as a result of the abnormal sepa-
ration of the arachnoid membrane during 
embryogenesis [53]. It is well-known that they 
are more common in males in several anatomical 
locations along the craniospinal axis, primarily in 
the middle cranial fossa, most often on the left 
side, and in the retrocerebellar cistern [2, 3, 19, 
20, 24, 28, 37, 45, 54]. Rarely, spinal ACs are 
located in the anterior or posterior thoracic region 
of the spinal canal presenting with backache and 
fluctuating leg weakness [16, 40, 54].

As covered in detail in other parts of the book, 
the vast majority of the ACs located both in the 
intracranial and intraspinal compartments do not 
change substantially over time, although they 
may infrequently show spontaneous enlarge-
ment, resolution (either partial or complete), or a 
fluctuation in size [2, 3, 33, 45, 50]. Therefore, 
the natural course of the ACs is highly variable, 
although these cysts are usually asymptomatic in 

most cases, and there are common incidental 
imaging findings reported in the current literature 
[3, 19, 39, 47]. However, regarding the natural 
course of the AC, it is also important to realize 
that symptomatic subdural hygromas or hemor-
rhage may rarely develop from ACs, possibly due 
to spontaneous, iatrogenic, or traumatic rupture 
of the outer cyst lining [1, 12–14, 34, 38, 46, 54].

Clinically, when the patient is sent to a referral 
center, the typical presentation of the individual 
with a symptomatic intracranial AC frequently 
includes one or more unrelated “nonspecific” 
neurological symptoms, such as headache, nau-
sea, dizziness, unsteadiness, disequilibrium, ver-
tigo, macrocephaly, and neurocognitive or 
neuropsychiatric disturbances, possibly due to 
the mass effect on the brain or secondary to their 
rupture [6, 12, 17, 19, 23, 24, 27, 30, 45, 47, 49, 
54, 55]. Among the nonspecific neurological 
complaints, the most commonly observed symp-
tom is headache (80%), which varies in intensity, 
global or lateralized, and may also have asymp-
tomatic periods followed by episodes of severe 
pain [19, 24]. In patients with intracranial ACs, 
however, only 10% present with subjective com-
plaints related to deficits of cognitive functions 
involving verbal memory capacity, auditory 
attention, visual, and spatial tasks, which can 
only be demonstrated through detailed neuropsy-
chological testing [6, 17, 23, 24, 27, 49, 52]. 
Recently, some authors have suggested that cog-
nitive impairment may be due to hypoperfusion 
of the cortical areas next to the AC [11, 23, 32, 
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42, 49]. Furthermore, some patients with ACs 
have various neuropsychiatric disturbances that 
include anxiety, phobias, personality disorder, 
depression, and psychosis [6, 55]. Moreover, 
patients may present occasionally with “specific” 
neurologic signs or symptoms, motor or sensory 
function loss, cranial nerve palsies, or epileptic 
seizures [19, 54].

Radiographically, craniospinal ACs have a 
thin wall without contrast enhancement, and the 
fluid within the AC demonstrates fluid density 
and fluid intensities on computed tomography 
(CT) and magnetic resonance imaging (MRI), 
respectively, which are the imaging modalities of 
choice for evaluating their anatomical location, 
size, and any surrounding structures involved 
[45, 51, 53, 54]. On MRI, ACs display the signal 
intensity of CSF on T1, T2 spin-echo, T2-FLAIR, 
and diffusion-weighted imaging, although there 
may be slight signal differences between the fluid 
in the AC and the normal CSF on MRI sequences 
due to CSF pulsations [54]. CT or MRI cister-
nography and phase-contrast MRI may be used to 
confirm the diagnosis of an AC and to further 
evaluate a patient with an AC [51, 54]. In addi-
tion, the radiologist should assess the imaging 
finding of mass effect on a cranial nerve caused 
by the AC, hydrocephalus, or cyst rupture caus-
ing subdural hygroma or hematoma formation 
[38, 45, 54]. In such cases of the ACs with signifi-
cant mass effect, it is also important for the radi-
ologist to urgently inform the referring clinician, 
either neurologist or neurosurgeon [54].

Most authors suggest that, as a rule, intracra-
nial ACs should not be treated surgically, if they 
are asymptomatic [24, 30, 45, 54]. The ACs may 
be very large or very small, and some authors 
have suggested that size alone does not correlate 
with either symptoms or the need for surgery [24, 
30], although some other authors have reported 
that larger cysts are more likely to be symptom-
atic and hence require surgery more often than do 
smaller ones [54]. It is widely accepted that cases 
of ACs should be treated surgically if they are 
responsible for significant neurologic symptoms 
or they cause hydrocephalus as a result of 
obstruction of CSF pathways, regardless of the 
cyst size, as often occurs within the suprasellar 
location [14, 15, 24, 25, 29, 30, 45, 54]. 

Considering that ACs are common and their natu-
ral history is usually benign, the majority of neu-
rosurgeons believe that evidence of mass effect 
on imaging is not an adequate criterion alone for 
selection of patients for surgical intervention in 
cases with an intracranial AC [30, 54]. These 
neurosurgeons believe that surgical treatment 
should be avoided except in rare instances in 
which an AC is definitely responsible for the 
presence of specific symptoms that are associated 
with the potential risk of neurologic morbidity or 
mortality [28, 30, 43–46, 54]. In recent years, 
some neurosurgeons have reported that nonspe-
cific symptoms such as headache, dizziness, and 
cognitive impairment, affecting the quality of the 
life in patients with intracranial ACs, have also 
resolved following any kind of surgical interven-
tion [24, 48]. Therefore, it is apparent that the 
indications for surgical treatment of these lesions 
should be carefully considered by clinicians, neu-
rologists, and neurosurgeons.

Only in rare situations where a symptomatic 
intracranial AC present with significant mass 
effect impairing quality of the life, regardless of 
whether the symptoms present are specific or 
nonspecific, and surgical intervention for decom-
pression of the AC is indicated [24, 35, 45, 54]. 
Currently, there are primarily four different surgi-
cal techniques used for this purpose: (1) craniot-
omy approach for microsurgical fenestration of 
the AC into the basal cisterns, (2) neuroendo-
scopic approach for fenestration of the cyst cav-
ity into the basal subarachnoid cisterns with/
without marsupialization, (3) internal (cystosub-
dural or cystoventricular) shunting of the AC into 
another CSF compartment within the cranium, 
and (4) external (cystoperitoneal) shunting of the 
AC into an extracranial compartment, such as the 
peritoneum [8, 10, 19, 22, 24, 41, 45, 54]. The 
craniotomy approach under general anesthesia 
for the excision of the parietal membrane of the 
AC under the dura mater allows for drainage of 
the cyst fluid into the subarachnoid space. The 
visceral membrane of the AC which is covering 
the brain surface and basal structures such as 
blood vessels and cranial nerves is fenestrated, to 
provide a communication between the cavity of 
the AC and the basal cisterns. Endoscopic 
approach under local anesthesia for fenestration 
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of the cyst cavity into the basal subarachnoid cis-
terns with/without marsupialization is a mini-
mally invasive procedure [8, 10, 19, 22, 24, 41, 
54]. Internal (cystosubdural or cystoventricular) 
shunting through a burr hole is a minimally inva-
sive procedure [20, 24]. External (cystoperito-
neal) shunting under general anesthesia requires 
insertion of the proximal drainage catheter into 
the cyst cavity [9, 19, 24]. Presently, clinicians 
should be familiar that surgical decompression as 
a life-saving procedure or for improving the 
quality- of-life procedure is indicated in some 
patients affected by a symptomatic intracranial 
AC, presenting with significant mass effect with/
without an intracystic and/or a subdural hema-
toma, although there is still controversy about the 
best option for the surgical management of ACs 
[21, 24, 54].

In the vast majority of patients, surgery is 
curative, and there is improvement of the preop-
erative complaints, such as headache and dizzi-
ness, in the postoperative period, although 
recurrence after surgery has been reported in 
some cases with the ACs [36]. Based on their ret-
rospective study, Hall et  al. reported that the 
reoperation rate was similar for those that under-
went different treatment options, although the 
endoscopic and shunted groups had a shorter 
length of hospital stay compared to the microsur-
gical group [19]. They also found that all three 
treatment modalities had a very similar reduction 
in the cyst volume following surgical interven-
tion [19]. Perfusion studies have also demon-
strated that the preoperative areas of 
hypoperfusion in the cortex adjacent to the AC 
returned to the normal values after surgical 
decompression that was consistent with the post-
operative cognitive function improvement that 
occurred [11, 32, 42, 49]. However, it is impor-
tant to be aware that there is a small decrease in 
fluid volume in most patients, but that there is no 
correlation between the reduction of the cyst vol-
ume and the resolution of neurological symptoms 
following surgery [10, 24, 52]. Interestingly, it 
should also be kept in mind that neurological 
symptoms will frequently still persist in the early 
postoperative period in such cases [12, 28].

In this chapter, a summary of some common 
myths and facts about the management of the 

AC is first provided, and then various case sce-
narios of malpractice claims on these topics are 
discussed, including those with a delayed or 
inaccurate diagnosis and/or treatment. As 
described below with examples, the usual cases 
with negligence include a delay in diagnosis and 
treatment of the AC, a delay in obtaining diag-
nostic CT or MRI studies, or inadequate man-
agement of the AC.

2  Myths and Facts Regarding 
the Management 
of an Arachnoid Cyst

Even today, controversy still exists regarding 
some aspects of the clinical and surgical treat-
ment of intracranial ACs. Some common mis-
understandings and evidence-based scientific 
facts related to their management are as 
follows:

2.1  Indications for Surgical 
Treatment

Myth: No surgical treatment is necessary because 
they are relatively common, benign, and asymp-
tomatic lesions, with the exception being only 
those life-threatening cases with specific symp-
toms, because such invasive procedures may be 
dangerous and risky with a high risk for neuro-
logic morbidity or mortality.

Fact: Today, the indications for surgical treat-
ment are not limited to life-threatening lesions 
and are also intended to improve the quality of 
life in symptomatic cases due to the AC causing 
significant mass effect, including nonspecific 
symptoms such as headache and cognitive dys-
function [24, 35, 54].

2.2  Relationship Between Clinical 
Symptoms and the Size 
of the AC

Myth: The severity of clinical symptoms includ-
ing headache is directly proportional to the size 
of the AC.
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Fact: There is no correlation between the vol-
ume of the AC and the severity of the symptoms, 
because the symptom intensity is more likely 
related to the intracystic pressure than to the size 
of the AC [20, 24, 30, 35].

2.3  Relationship Between 
the Location of Headache 
and the Side of the AC

Myth: The headache is usually located on the 
same side of the intracranial compartment as the 
AC; if it is lateralized to the right or left, it is not 
global.

Fact: The headache is not necessary on the 
side of the cyst in the cranial cavity [24, 54].

2.4  Resolution of Neurological 
Symptoms in the Early 
Postoperative Period

Myth: Decompressive surgery is always curative 
and is associated with a reduction of the AC vol-
ume and the subsequent resolution of the neuro-
logical symptoms.

Fact: Neurological symptoms such as head-
ache and nausea are frequently still apparent in 
the immediate postoperative period, and there is 
no correlation between the reduction of the cyst 
volume and the resolution of neurological symp-
toms [10, 24, 52].

3  Case Scenarios 
of Malpractice 
due to the Negligent 
Management 
of the Arachnoid Cyst

The case scenarios of malpractice due to the neg-
ligent management of an AC that are described 
below provide useful guidelines regarding the 
correct diagnosis and appropriate management of 
physicians from various disciplines that include 
primary care or family physicians, pediatricians, 
radiologists, neurologists, and neurosurgeons in 
their future professional life.

3.1  Missed or Delayed Diagnosis 
and Treatment 
of an Arachnoid Cyst

Case 1: A claim was settled against a primary 
care physician and a neurosurgeon for a “delayed 
diagnosis” of an AC leading to severe disability.

A brief case scenario may be as follows: A 
tragic situation involved the failure to diagnose 
in a child an intracranial AC, which is not malig-
nant but benign, compressing the brain. In this 
unfortunate case, the AC presented clinically 
with blockage of the flow of CSF as a result of 
compression of the ventricle…. Initially, he vis-
ited the office of his primary care physician on 
numerous occasions reporting worrisome clini-
cal complaints only to be managed by the physi-
cian’s assistant who did not order a CT scan of 
the brain on an urgent basis. Afterward, he went 
to the local hospital, when the clinical symptoms 
became severe…. Subsequently, he was admitted 
to this hospital, and a neurosurgeon was called 
for the urgent management of an AC, which was 
demonstrated by the CT scan…. He required an 
urgent neurosurgical intervention, but the neuro-
surgeon never came to the hospital to manage the 
patient. During that night, the patient’s brain 
herniated before he/she could have surgery to 
remove the AC…. Unfortunately, he was left with 
severe impairments that changed her life and that 
of his family….

In this case scenario, there was a failure to 
diagnose the AC and to manage it properly. As 
expected, the expert will confirm negligence in 
the failure to identify the AC on the CT scan. 
Most likely, the child would have recovered with-
out a neurological deficit, if these failures had not 
occurred. Medicolegally, it is evident that these 
failures led to the severe neurological impairment 
of the patient.

Case 2: A claim was settled against the radi-
ologist for the “misdiagnosis” of an AC of the 
patient as an isolated agenesis of the corpus cal-
losum leading to brain damage.

A brief case scenario may be as follows: A 
woman was in her early 30s when she started to 
notice headache and memory loss, which she 
reported to her primary care physician…. A 
 radiologist interpreted her brain CT scan as 
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showing an isolated agenesis of the corpus cal-
losum (CC) and reported that it was a congenital 
variant. The woman’s headache and memory 
continued to deteriorate over the next 3 years, 
until finally a neurologist ordered a brain MRI, 
which identified an interhemispheric AC.  The 
cyst was drained by a neurosurgeon…. 
Unfortunately, however, surgical intervention 
caused permanent damage to the surrounding 
cerebral structures…. Consequently, the woman 
suffered from seizures….

In this case scenario, there was a “misdiagno-
sis” of an AC of the patient as agenesis of the CC 
on CT scan, leading to brain damage. The brain 
MRI revealed an interhemispheric AC in this 
patient. As anticipated, the expert report from a 
consultant radiologist will confirm negligence 
regarding the radiological evaluation of the 
patient that falls below the conventional standard 
of care. In accordance with the standard manage-
ment algorithm for craniospinal ACs, it is crucial 
to perform decompressive surgery rather than 
observing the patient with an expanding intracra-
nial lesion causing neurological symptoms that 
may lead to an undesirable outcome. 
Medicolegally, it is evident that these errors 
caused a failure to carry out urgent neurosurgical 
treatment to avoid her further neurological 
deterioration.

3.2  Failure in the Diagnosis 
of Shunt Failure in a Child 
with Hydrocephalus Caused 
by an Arachnoid Cyst

Case 1: A claim was settled against a family phy-
sician for the “failure to diagnose shunt failure” 
in a hydrocephalic child caused by an AC.

A brief case scenario may be as follows: A boy 
who presented with complaints of headache, nau-
sea, vomiting, and lethargy was diagnosed with 
severe hydrocephalus caused by a suprasellar 
AC, as a result of blockage in the flow of CSF, 
based on his imaging studies 4 months ago…. A 
ventriculoperitoneal shunt device was urgently 
inserted by a neurosurgeon in a tertiary care hos-
pital to prevent the development of irreversible 

white matter damage and brain herniation…. 
Two years later, when complaints of headaches, 
nausea, vomiting, and impaired balance 
appeared, he was given analgesics and anti-
emetic drugs by his family physician… when his 
complaints did not improve; however, his family 
physician referred the patient to the department 
of neurosurgery at a local hospital, and he was 
admitted to the neurosurgeon…. An emergency 
brain CT scan was obtained because his neuro-
logical examination revealed papilledema, and 
ventriculomegaly was detected and shunt failure 
was diagnosed on CT…. Thus, surgical interven-
tion was necessary to revise the shunt system….

In this case scenario, there was a “failure to 
diagnose shunt failure” in a hydrocephalic child 
caused by an AC.  As anticipated, the expert 
report from a consultant neurosurgeon or neurol-
ogist will confirm the presence of negligence 
regarding the management of the patient as a 
“failure in the diagnosis of shunt failure” in a 
child with hydrocephalus caused by an AC. It is 
expected that a family physician may be able to 
diagnose shunt failure when a brain CT scan 
revealed ventriculomegaly and the ophthalmo-
scopic examination revealed papilledema.

3.3  Shunt Placement 
in an Asymptomatic 
Arachnoid Cyst

Case 1: A claim was settled against a neurosur-
geon and a medical center for shunt placement in 
an “asymptomatic” AC.

A brief case scenario may be as follows: A 
man had a CT scan of his brain and was diag-
nosed with a large intracranial AC, but he was 
asymptomatic, and therefore his physicians 
advised him that his AC did not require surgical 
intervention. Two months later, the man experi-
enced severe pain and went to a medical center’s 
emergency room…, and a physician in the center 
referred him to a neurosurgeon who diagnosed 
him with a “symptomatic” AC and recommended 
surgical intervention…and anti-edema drugs to 
decrease the increased intracranial pressure 
(IICP)…afterward the neurosurgeon explained in 
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detail to the man why surgical intervention is 
necessary for him…then the neurosurgeon placed 
a cystoperitoneal shunt to relieve the IICP caused 
by the AC…. About 2 weeks following the shunt-
ing procedure, his primary care physician noted 
that the man had clinical symptoms such as vision 
loss, disturbance of gait, and dizziness…. Two 
months after the shunting, the man was hospital-
ized with same complaints, and a CT scan dis-
closed that he had a shunt catheter within the AC. 
…his primary care physician noted that a neu-
rologist recommended to remove the shunt device 
because the size of the AC had not decreased..., 
About 10 months after the shunting procedure, 
the patient and his two children sued the neuro-
surgeon and the medical center where the cysto-
peritoneal shunting procedure was undertaken. 
They claimed that the neurosurgeon did not 
inform them adequately about the risks associ-
ated with the shunting procedure before obtain-
ing his consent and that the neurosurgeon 
engaged in a medical malpractice act…. The 
alleged malpractice concerned the decision for 
surgery for the AC, i.e., medical indication, not 
the professional qualification of the neurosur-
geon’s surgical technique…the complaint also 
contended that the medical center was eventually 
liable for the neurosurgeon’s conduct….

In this case scenario, the neurosurgeon recom-
mended surgical intervention for a “symptom-
atic” AC to decrease the IICP, and then he/she 
informed the patient about the natural history of 
the AC and possible risks of the planned surgical 
intervention, i.e., cystoperitoneal shunting proce-
dure. As anticipated, the expert will not confirm 
any negligence regarding the management of the 
AC in this patient. Medicolegally, it is important 
to note that the legal clock for the man’s malprac-
tice claim began shortly after his first clinical 
complaints began following the surgical inter-
vention. And, the man’s statement that he was 
unable to obtain informed consent accrued when 
he learned that he was experiencing clinical com-
plaints. The man’s requests for informed consent 
were unsuccessful because the neurosurgeon did 
not violate his duty to inform the man about the 
natural history and risks of the planned surgical 
procedure.

3.4  Failure in the Management 
of an Arachnoid Cyst by 
a Neurologist

Case 1: A claim was settled against a neurologist 
for a “failure of management” of a patient with 
intense headaches caused by an intracranial AC.

A brief case scenario may be as follows: A 
44-year-old man presented with a 6-year history 
of intermittent headaches, starting in the fore-
head and then generalizing but located predomi-
nantly on the right side, progressively increasing 
in frequency and intensity. There was no relief 
with analgesics and non-steroidal anti- 
inflammatory drugs, and his family physician 
referred him to the department of neurology in a 
secondary care clinic…. Because of the increase 
in the severity and frequency of his headaches in 
the following months, however, the neurologist 
asked for a CT scan of the brain, which disclosed 
a small middle fossa AC on the right side, and 
advised the patient that there was no indication 
for surgical intervention…. Afterward, his family 
physician referred him to the department of neu-
rosurgery in the regional tertiary hospital, since 
the severity and frequency of his headaches had 
progressively increased…. Neurosurgeon indi-
cated a surgical intervention was necessary 
because the quality of life had deteriorated due to 
excruciating headache, and a neurosurgical 
intervention composed of craniotomy with fenes-
tration of the cyst into the basal subarachnoid 
space was performed…. His headaches dramati-
cally resolved in the postoperative period, despite 
a transient increase in his headaches in the early 
postoperative period, …then, control CT scan of 
the brain showed the brain tissue had expanded 
and the AC disappeared completely…he remained 
without any complaints to date….

In this case scenario, it is clear that the surgi-
cal treatment of the patient was delayed because 
of the failure of the neurologist’s medical knowl-
edge that intracranial ACs can cause headaches 
decreasing the quality of life and thus requiring 
surgical intervention. Therefore as anticipated, 
the expert report from a consultant neurologist or 
neurosurgeon will confirm negligence concern-
ing the treatment of the patient by delaying the 
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surgical treatment. It is expected that the neurolo-
gist treating such a patient should refer him/her to 
a neurosurgeon for surgical treatment. Otherwise, 
it may be a subject of a lawsuit against a neurolo-
gist for a malpractice claim by the patient and 
his/her relatives.

3.5  Misdiagnosis of a Spinal 
Arachnoid Cyst as Motor 
Neurone Disease Causing 
Delayed Treatment

Case 1: A claim was settled against a neurologist 
for “misdiagnosis” and delayed treatment of a 
patient with a lower cervical intradural AC as 
motor neuron disease.

A brief case scenario may be as follows: A 
53-year-old man was diagnosed with motor neu-
rone disease (MND) 8 years ago. The patient 
had noted his symptoms were progressive, for 
about 3 years when he was referred to a neurolo-
gist.... His clinical presentation at that time 
already comprised objective weakness and atro-
phy in the lower and upper limb muscles, along 
with extremely brisk tendon reflexes. No sensory 
deficit was documented at that time. 
Electromyography (EMG) showed abnormal 
spontaneous activity in the left deltoid muscle, 
abductor pollicis brevis, and palmar interossei 
muscles and signs of bilateral chronic denerva-
tion in the upper limb. MRI of the brain was nor-
mal…he was diagnosed with MND by several 
neurologists…. At the time of admission to our 
clinic, neurological examination revealed that 
the cranial nerves were normal and there were 
no signs of bulbar dysfunction and no fascicula-
tions or weakness of facial, tongue, or neck mus-
cles…. Muscle atrophy along with mild 
fasciculations of the upper limbs with left-
sided…was noted, …motor strength of deltoid 
and biceps muscles, and the finger extensors was 
reduced to 2–3/5  in the upper limbs…. Motor 
strength was 3/5 for foot extensors in the lower 
limbs…although no obvious atrophy or fascicu-
lations were found…. Furthermore, gait ataxia, 
reduced vibration and proprioception of all 
limbs, and hyper- and dysesthesia of the shoul-

ders and proximal arms were found, while deep 
tendon reflexes were symmetric, Babinski’s signs 
were absent, and superficial abdominal reflexes 
were preserved. Although he reported neck pain 
and numbness and clumsiness of both upper 
limbs, there were no symptoms of bladder or 
bowel dysfunction…. Proximal muscle atrophy 
in the upper limbs together with sensory dys-
function and pain suggested a new spinal pathol-
ogy, and MRI of the cervical spine revealed a 
cyst in the lower cervical region. The lesion dis-
placed the cervical spinal cord ventrally, and 
myelopathy was noted…the patient presented to 
the neurosurgeon for surgical treatment of the 
cyst localized in the intradural space in the 
lower cervical region. A C5–C7 hemilaminec-
tomy on the left side was performed, and an 
increased pressure within the cyst was noted…. 
The cyst was incompletely removed with fenes-
tration of the remaining parts.... 
Histopathological examination confirmed the 
lesion as an AC…. Postoperatively, the patient 
reported complete relief of her neck pain and 
regained strength in his upper limbs…. Two 
years later, minimal motor and sensory dysfunc-
tions were found on his neurological examina-
tion…any acute denervation was not recorded 
on EMG….

In this case scenario, there was a “misdiagno-
sis” of a lower cervical AC in the patient as MND 
leading to delayed management because of the pro-
gressive fasciculations along with brisk tendon 
reflexes and electrophysiological signs of acute and 
chronic denervation, in spite of the presence of 
fluctuating neurological symptoms. After a long 
follow-up, the spinal MRI clearly revealed an intra-
spinal cyst in this patient. Therefore as anticipated, 
the expert report from a consultant neurologist or 
neurosurgeon will confirm negligence concerning 
the correct diagnosis of the patient by delaying the 
surgical treatment. Based on the neurological 
examination and imaging findings, it is expected 
that the neurologists treating such a patient should 
be able to make the differential diagnosis between 
a spinal AC and MND and then refer him/her to a 
neurosurgeon for surgical treatment. Otherwise, it 
may be the subject of a lawsuit against a neurolo-
gist for a malpractice claim by the patient.
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4  Comment Upon Case 
Scenarios

Today, it is well-known that craniospinal ACs 
may present with variable clinical signs and 
symptoms as well as neuroimaging appearances 
which depend principally on the anatomic loca-
tions, cyst sizes, etiological forms, and the 
patient’s age. Unfortunately, neuroimaging fea-
tures of the ACs are neither uniform nor pathog-
nomonic; therefore, these cysts may be confused 
with many normal anatomic variants, as described 
above in a case with an isolated agenesis of the 
CC, and intracranial cysts of different etiologies. 
As a result, the differential diagnosis is very 
important, because all of these diagnoses can 
interfere with the correct management of the 
patients.

As can be seen very clearly in the case sce-
narios presented above, most malpractice related 
to the negligent management of AC includes mis-
diagnosis or delayed diagnosis and/or mistakes in 
the treatment of the patients by physicians that 
include primary care or family physicians, radi-
ologists, neurologists, and neurosurgeons. In 
fact, the case scenarios highlight the importance 
of misconceptions regarding management of the 
ACs that surgery is not indicated in patients with 
AC, unless there is a life-threatening condition 
caused by the presence of ACs. This misinforma-
tion is most likely based on a myth in textbooks 
that originates from the master-apprentice rela-
tionship [24]. Today, however, in addition to 
eliminating the life-threatening condition, 
improving the quality of life is accepted as an 
indication for surgical treatment in such patients 
with an AC [24]. As a rule, the decision for treat-
ment depends on whether there is a clinical 
symptom and/or any deterioration in the quality 
of life of the patient affected by the AC, as in the 
case scenarios described above.

“Medical malpractice” has been defined as 
“damage caused by the physician not performing 
the standard, up-to-date practice during treat-
ment, lack of skills or not giving the treatment to 
the patient” by the World Medical Association 
(WMA) [4, 7, 18, 26]. From the legal point of 
view, for a medical malpractice claim to be 

appropriate, it must include an injury that resulted 
in significant damages to the patient that were 
caused by the omission or negligence and a viola-
tion of the medical treatment accepted as the 
standard of care by a medical center, physician, 
or other healthcare professionals, as a result of 
mistakes in diagnosis, treatment, and aftercare 
health management, as stated by the American 
Board of Professional Liability Attorneys 
(ABPLA) [5, 31]. In clinical practice, hitherto 
unpublished reports show that it is possible to 
encounter a large number of examples of negli-
gence that might result in a lawsuit, some of 
which are demonstrated in the above case sce-
narios: disregarding or not taking an appropriate 
history from the patient, failure to order the 
proper testing for making a correct diagnosis, 
failure to recognize the symptoms of the patient, 
misreading or ignoring laboratory results, failure 
to diagnose or misdiagnose, unnecessary surgical 
intervention, various surgical errors, application 
of improper medication or dosage, poor follow-
 up of the patient, and premature discharge of the 
patient from hospital.

Undoubtedly, the physician is not medicole-
gally responsible for the failure to achieve the 
desired result while fulfilling the obligation to 
treat the patient according to the authority of the 
physician contract, although he/she is responsi-
ble for the damages arising from the lack of care 
in his/her efforts, actions, and behaviors to reach 
this result [5, 18, 26, 31]. More importantly, the 
physician should act carefully and be responsible 
for even the slightest error [26]. In cases that 
cause uncertainty, therefore, the physician is 
obligated to conduct investigations to eradicate 
the uncertainty, even at a minimum level, and to 
take preventive measures in the meantime [18, 
26]. As a legitimate request, the patient has the 
right to expect from his/her physician, who is a 
healthcare professional, to show meticulousness 
and alertness at every stage of the treatment.

In the case scenarios presented under the five 
headings listed above, situations such as delay in 
diagnosis and inadequacy in radiological and 
clinical management by the radiologist and the 
neurologist, respectively, as a result of failure 
regarding medical knowledge that intracranial 

M. Turgut



391

ACs can cause headaches diminish the quality of 
life and thus require surgical intervention. As a 
precaution, both neurologists and neurosurgeons 
should at least be warned about proper manage-
ment of these patients. In fact, in many nations 
worldwide, including the United States, it is pos-
sible that such cases may be the subject of a law-
suit against physicians for a malpractice claim. It 
should never be forgotten that the physician’s 
duty is not to act with the guarantee of healing the 
patient completely, but the physician has to con-
tinue the follow-up treatment of his/her patient 
with the utmost care and attention. Lastly, it also 
should be emphasized that the patient and his/her 
relatives should be informed about the potential 
risks and benefits of surgical intervention.

5  Conclusion

Even today, an AC might be mistreated because 
of the high frequency of underlying medical 
myths regarding its diagnosis and treatment, 
leading to delayed surgery. Decompressive sur-
gery should be undertaken for any symptomatic 
craniospinal AC, regardless of size or location, 
presenting with significant mass effect and 
impairing the quality of life, even if it is not life- 
threatening. In clinical practice, therefore, cases 
of malpractice regarding the management of an 
AC with delayed surgical treatment are fre-
quently encountered. In terms of forensic medi-
cine, it is important that every physician realizes 
that any negligence, carelessness, and careless-
ness at any of these stages will lead to serious 
medical malpractice in the management of cases 
affected by AC.
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