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Abstract Background A spinal epidural arachnoid cyst (SEAC) is a rare clinical entity. We
performed a systematic review of the literature to obtain information regarding
demographics, clinical presentation, treatment modalities, and outcome of SEACs.
Methods A literature search was performed by using the databases PubMed/Medline,
PubMed Central, Embase, Cochrane Library, Ovid MEDLINE, and Ovid Medline In-
Process. A total of 170 articles were found on literature search. We found 575 cases of
SEAC since 1904 for inclusion in the review including three cases which were operated
by us. We studied the patient characteristics, clinical features, and management
strategies, and evaluated their outcome.

Results The average age of presentation was 30 years with a male:female ratio of
1.03:1. They are commonly seen in the thoracic region (42.3%). The length of cyst
was more than two vertebral levels in 85.81%. Mean symptom duration was
29 months, with most common presentation being that of compressive
myelopathy. A good clinical outcome was present in symptomatic patients who
had a shorter symptom duration and underwent complete surgical excision of the
SEAC. Age, sex, length of lesion, and presence of dural defect did not have a bearing

Keywords on the surgical outcome.
= spinal epidural Conclusion For thoracic compressive myelopathy in a young patient, SEAC should
arachnoid cyst be kept as a differential diagnosis. Surgical complete excision of the cyst with
= spinal extradural meticulous closure of the dural defect is the standard in management for a good
= dural defect repair clinical outcome.
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Introduction

Spinal epidural arachnoid cysts (SEACs) are a rare entity,
accounting for less than 1% of all spinal epidural lesions."
They are known by various names such as arachnoid cysts,
arachnoid pouches, arachnoid diverticula, meningeal cysts,
and dural cysts. Most of the literatures pertaining to SEAC are
case reports except for a few.

Various theories regarding pathogenesis and expansion of
the cyst are described in the literature. It is believed that they
are produced by a small defect in the dural layer leading to
arachnoid layer pouching out of it and gradually increasing in
size sufficient to produce compressive features.”> However,
the exact etiology, whether congenital or acquired, is still
unclear, as in some case reports the authors could not find
the dural defect.> A genetic etiology has been described in
some cases pointing toward familial origin.

A patient may present with symptoms of pain, weakness,
and bladder and bowel incontinence. Magnetic resonance
imaging (MRI) is the advocated imaging modality, but
computed tomography (CT) myelography or water soluble
contrast myelography is also used to identify the dural
defect.* Recent advances in imaging techniques have
enabled us to visualize the dural defect accurately. Diverse
modalities of management from conservative management
of asymptomatic cysts to cyst aspiration, fenestration,
surgical excision, partial resection, and cystoperitoneal
shunting have been advocated®> Minimal invasive
approaches have also been utilized in some cases. Various
treatment modalities have thus been described for this
entity; however, the exact outcome of these modalities has
not yet been systematically reviewed. Hence, we performed a
systematic review of the literature to assess an appropriate
management strategy and outcomes in these lesions. Our
aim was to analyze the demographic data, patient
characteristics, symptomatology, and outcome of surgery
in these cases.

Methods

The literature search was performed in compliance to
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines. A comprehensive search of
several databases for case reports and series from 1904 to
May 2020 was performed. The databases included
PubMed/Medline, PubMed Central, Embase, Cochrane
Library, and Ovid MEDLINE. Also gray area search was
performed using “Google Scholar” search engine. The
search was done using MeSH terms and also by using free
text keywords. The MeSH terms used for PubMed and
Embase were Arachnoid cyst, Spinal canal, central nervous
system cysts, epidural space, and spinal cord compression.
The full list of keywords used for search in Ovid includes

Spinal extradural arachnoid cyst, spinal extradural
leptomeningeal cyst, spinal arachnoid diverticula, SEAC,
spinal dural defect, SEAC, and spinal epidural

leptomeningeal cyst. The same keywords were also used
for free-text searching. Search was limited to articles written

in English language only and the articles written in language
other than English were excluded.

The titles and abstracts of the articles retrieved from the
search were screened for relevance. Articles not relevant to
the study were excluded. The full-text publications were
then reviewed, and only case reports and series concerning
SEACs were included in this systematic review. Exclusion
criteria for the full-text screen included “no” relevance to
SEAC, articles in language other than English, conference
abstracts, redundant articles, withdrawn articles, and book
chapters. A summary of the literature screening and
selection is presented in =Supplementary Fig. S1 (PRISMA
flow diagram). Once the final list of articles meeting the
inclusion criteria was compiled, the following points of data
were abstracted from each study: patient age and sex; cyst
characteristics (level, size, extensions), clinical presentation,
preoperative imaging, treatment received, and outcomes.

Statistical Analysis

For statistical analysis purposes, we tabulated results of
outcomes into two groups: those who improved clinically
and those who did not improve. The results were analyzed
using chi-square test and t-test. p-Value of <0.05 was
considered to be significant.

Results

We reviewed the literature from 1904 onwards and found a
total of 170 articles describing this entity (~Supplementary
Table S1, details of SEAC articles). Thus a total of cases of 575
SEACs have been reported in world literature. Average age of
presentation was 30 years (range: 5 months to 77 years), 274
were males, 266 were females, and data for 35 cases were not
available (male:female ratio of 1.03:1). SEACs were located
most commonly in the thoracic region, 42.3% (218/515),
followed by thoracolumbar, 27.9% (144/515), lumbosacral,
10.3% (53/515), lumbar 8.5% (44/515), sacral, 5.8% (30/515),
cervical region, 2.9% (15/515), and cervicothoracic, 2.13%
(11/515). Five cases had multiple locations of SEAC and data
were not available for the remaining 55 cases.

The length of cyst was described in 444 patients. It was
three or more vertebral levels in 85.81% (381/444) cases and
14.18% (63/444) had less than three vertebral level
involvement. Overall, the average length of vertebral level
involvement was 4.81 (standard deviation: 3.32).

In 314 cases, the data regarding type of clinical symptoms
were available, in which 184 had motor symptoms (58.59%),
159 had sensory involvement (50.63%), and 46 cases had
bowel/bladder symptoms (14.64%). Details regarding
duration of symptoms were described for 343/575 cases.
The mean duration of symptoms was 28.99 months (range:
1-300 months; standard deviation: 41.61). More than half
(204/343; 59.47%) had symptom duration of more than
2 years. This suggests the long-standing course of this
illness. Dural defect was described in 270 cases
(46.95%; =Table 1).

Outcome details were available for 410 patients. A good
outcome with improvement in neurological status was found
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Table 1 Biodemographic and clinical profile of patients with
SEAC (N=575)

Variables Frequency (%)
Age (y) Mean: 30
[range: 0.5-77]
Gender
Male 274 (47.7)
Female 266 (46.3)
Presentation of cyst
Pure extradural 566 (98.5)
Extradural with extraspinal extension 04 (0.7)
Extradural with intradural component 03 (0.5)
Interdural 02 (0.3)
Dural defect
Present 270 (47.0)
Absent/not described 305 (53.0)
Location (n=515)
Thoracic 218 (42.3)
Thoracolumbar 144 (27.9)
Lumbosacral 53 (10.3
Lumbar 44 (8.5)
Sacral 30 (5.8)
Cervical 15 (2.9)
Cervicothoracic 11 (2.13)
Multiple 5(1.0)
Length of cyst (n=444)
One vertebral level 05 (1.1)
Two vertebral level 58 (13.1)
Three vertebral level 177 (39.9)
Four vertebral level 111 (25.0)
Five vertebral level 29 (6.5)
>6 vertebral level 64 (14.4)
Clinical presentation (n=314)
Motor symptoms 184 (59.6)
Sensory symptoms 159 (50.6)
Bladder/bowel symptoms 46 (14.6)
Symptom duration in years (n =343)?
<2 139 (40.5)
>2 204 (59.5)

Abbreviation: SEAC, spinal epidural arachnoid cyst.
“Mean duration in month: 29.0 [range: 1-300].

in 79.26% patients (325 out of 410 cases), static neurological
status despite intervention was seen in 18.53% (76 out of
410) cases, and worsening was seen in 2.19% (9 out of 410)
cases. For the analysis of outcome, we divided patients into
two categories: those who improved after intervention
(n=325) and those who did not improve (n=385).
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The second group included those patients who had static
course of their illness despite intervention (n = 76) and those
deteriorated clinically (n=9).

On analyzing the factors affecting the surgical outcome,
we found that there was significant improvement in the case
of patients who underwent complete resection of SEAC
(85.27%) as compared with those who underwent partial
resection or other conservative approaches (64.70%)
(p=0.000037). The patients who improved had a shorter
duration of symptoms (21.65 months) as compared with
those who did not (53.89 months) (p=0.000179). Those
patients who were symptomatic in form of motor or
sensory symptoms improved after surgery. Patients with
bladder and bowel involvement also showed improvement
but this could not reach a statistically significant value
(p=0.59). Age, sex, length of lesion, and presence of dural
defect did not have a bearing on the surgical outcome
(=Table 2).

Our experience: We had operated three cases of
symptomatic SEAC, which have been included in this
literature review. The average age was 18.7 years; two
were females. Two cases were located in the thoracic
region, while the remaining one was thoracolumbar. All
presented with features of compressive myelopathy,
average duration being 4.5 months. All of them had
complete cyst excision with closure of the dural defect.
They all improved in the postoperative period and up to
17 months of follow-up did not show any recurrence.

Discussion

SEACs have an incidence of approximately 1% of all the spinal
lesions.® Nonne in 1898 first found a case of SEAC at an autopsy.
However, the first case of SEAC was operated by Schmidt in 1904
in a 16-year-old male.” Cloward in 1968 reviewed literature of
SEAC from 1904 to 1968 and reported 92 cases till that period,
including two cases of his own.” We could find 575 cases on
systematic review of English literature. They were found equally
affecting either sex and the average age of patients was found to
be 30 years with the youngest reported case having the age of
5 months. We also encountered three cases of SEAC, two were
females and one was male, with an average age of 18.7 years,
youngest being a 10-year-old male. Thus, SEAC s a disease of the
younger age group.

It was found that thoracic and thoracolumbar regions are
the most common locations of SEAC. Few case reports
describe septated arachnoid cysts as described in the
series by Cloward.” Multiple SEACs are rare.® Two of our
cases were localized in the thoracic region, while the third
one was in the thoracolumbar region. Among reviewed cases,
the cyst was located posterior to the thecal sac in all, except
in 12 cases (0.06%) where it was found anterior. Over 85% of
cases had a length more than three vertebral levels with an
average length of 4.81 vertebral levels among all cases. All
three of our cases had a longitudinal extent greater than
three vertebral levels.

Pathogenesis of SEAC in not yet completely understood.
Several theories have been described regarding the
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Table 2 Association of biodemographic and clinical parameters with outcome of disease

Variables Improved Not improved p-Value
(n=2325) (n=85)

Age (mean + SD) 29.1+ 154 30.4 £ 22.1 0.35

Gender

Male 138 (86.3) 22 (13.8) 0.89

Female 144 (86.7) 22 (13.3)

Length/size of lesion in vertebral segments (mean + SD) 5.17 (5.8) 5.21 (3.1) 0.486

Duration of preoperative symptom duration in months (mean + SD) 21.64 (23.91) 53.89 (76.57) 0.000179

Predominant symptoms

Motor weakness 184 (84.8) 33 (15.2) 0.0034

Sensory symptoms 159 (88.8) 20 (11.2) 0.000026

Bladder/bowel involvement 46 (76.6) 14 (23.3) 0.59

Dural defect

Present? 170 (80.56) 41 (19.4) 0.503

Absent/not described® 155 (77.9) 44 (22.1)

Type of treatment (n=343)

Complete excision 220 (85.3) 38 (14.7) 0.000037

Partial excision and conservative 55 (64.7) 30 (35.3)

Abbreviation: SD, standard deviation.

?0ut of 270 cases who had presence of dural defect described, outcome data were available for 211 cases only.
bOut of 305 cases who either did not describe presence of dural defect or it could not be found despite search, outcome data were available for 199

cases.

formation of cyst. Extradural arachnoid cysts develop from
arachnoidal herniation through a defect in the spinal dura at or
near a nerve root, or in the midline.® This communication can
be congenital, idiopathic, or acquired. Elsberg et al first
described the cyst to be a congenital diverticulum of the
dura, or protrusion of arachnoid through the defect or weak
place in the dura.” Ogura et al'® investigated idiopathic SEAC
and clarified that there are two types of idiopathic SEAC,
sporadic (isolated) and syndromic (familial). Mutations in
HOXD4 and FOXC2 genes have been identified in sporadic
and syndromic cases respectively. Familial cases are associated
with lymphedema-distichiasis syndrome, whose causal gene
is FOXC2. Multiple SEACs may be associated with FOX2
mutations.

Whether congenital or acquired (trauma, arachnoiditis, or
iatrogenic events), a small dural tear allows cerebrospinal
(CSF) pressure to initiate herniation of the arachnoid
membrane through the defect. This defect is usually found
near the dural nerve root sleeve. A possible explanation for
such tears is the stretching force between the movable thecal
sac and the relatively fixed roots. The chances of a dural tear
increase if the patients have underlying structural problems
(e.g., connective tissue disorders) or thecal sac movements
due to trauma or CSF leakage. Cho et al have described the
neural-dural transition at thoracic and lumbar nerve roots in
the human embryonal studies."’ They found a tortuous
transition zone in the dorsal nerve root region as
compared with the ventral nerve root. This could be a site
of weakness, which ruptures with trivial trauma and causes

herniation of arachnoid membrane leading to formation of
epidural cysts. History of trauma was present in two of our
cases, which could have led to epidural cyst formation from
the weak dural nerve root sleeve. A defect in the dura seems
to be plausible explanation for the cyst formation as was
found in all our cases. We found dural defect in these cases
near the dural root sleeve area.

As discussed earlier, the average age of presentation of all
analyzed casesis 30 years, which may indicate possibilities of
combination of factors, such as genetic predisposition with
minor trauma in young physically active individuals.

Various mechanisms have been postulated to explain the
expansion of the cyst. Active (noncommunicating arachnoid
cyst) and passive (ball-valve) fluid-transport mechanisms have
been hypothesized to explain enlargement of extradural
meningeal cysts. According to the first theory, an arachnoid
cyst may enlarge even when it does not communicate with the
subarachnoid space (noncommunicating arachnoid cyst)
because of fluid production by the cells forming its wall.'?
The second theory (the ball-valve hypothesis) postulates the
existence of an anatomical communication functioning as a
one-way valve between the subarachnoid space and the cyst,
which allows the CSF to enter the cystic cavity (communicating
cyst).13

Most of the patients present with features of long-
standing compressive myelopathy. Some also had finding
of local or radiculopathic pain especially in the early stages.
Our analysis revealed that 59% patients had motor weakness,
50% patients had sensory involvement, and around 14%
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patients had bowel and bladder involvement. It has been
suggested that pressure on the adjacent sensitive tissue, such
as the periosteum and the joint capsule, may cause local pain.
The radicular pain may be due to distortion, compression, or
stretching of the root by the cyst.14 Nerve root prolapse into
the cyst can also lead to radicular symptoms.'” They may also
present with sensory abnormalities, most commonly the
dorsal column involvement. Bowel and bladder
involvement is quite late in these patients. The
intermittent exacerbations of pain and neurological
symptoms are explained by postural changes and Valsalva
maneuvers.'4 The overall duration of symptoms in reviewed
cases is around 29 months, which suggest the long-standing
nature of the illness. Some unusual presentations have been
described. Long-standing cases can present with bony spinal
deformity.* Sacral arachnoid cyst causing holocord syrinx
due to secondary tethering effect has been described. There
was resolution of syrinx after excision of the cyst.'®
Arachnoid cyst in the cervical region may also masquerade
as obstetric brachial palsy in case of children.'” Association
of SEAC with split cord malformation has also been
reported.'® Retroperitoneal extension of the cyst can also
present with abdominal symptoms.'® Bond et al described
three patients in whom SEAC was incidentally detected on
MRL'? All the three patients reported by us had features of
compressive myelopathy with a mean duration of symptoms
of 4.5 months.

One can have indirect nonspecific changes on plain X-ray
such as slender pedicles, bony erosions, foraminal
enlargements, and widening of the spinal canal.?® CT
myelography or water-soluble contrast myelography may
be helpful to find the communicating site between the cyst
and the subarachnoid space. MRI is the diagnostic procedure
of choice, since it has shown to have high sensitivity as well as
specificity and is noninvasive. A SEAC has a low signal
intensity on a T1-weighted image (WI) and high signal
intensity on a T2-WI, similar to CSF fluid. It delineates well
the relation of cyst with the spinal cord and nerve roots.?'
Contrast imaging is used to differentiate between cystic
tumors, synovial cysts, and other cystic lesions. Presence of
dural defect was described in 270 cases (46.95%) in the
literature, reflecting a need to innovate methods for
appropriate preoperative localization of the defect.

Kinematic MRI is a recently developed technique that
visualizes fluid and tissue movement, demonstrates the
pathomechanism of turbulent flow voiding, and detects
dural defects.?? Non-contrast-enhanced time-spatial
labeling inversion pulse MRI sequences are used to
successfully visualize CSF fluid flow (nonturbulent flow)
through communicating holes of an SEAC to localize the
dural defect.?? It has been useful in facilitating a minimal
invasive approach for such cases.>* Ultrasound has also been
used intraoperatively when other imaging modalities have
failed to identify the communication site.?

Literature analysis revealed that 35 cases were managed
conservatively for the SEAC while the remaining 540
underwent intervention. Various surgical options described
in the literature include simple cyst aspiration26 (n=38),
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marsupialization27 (n=12), partial excision?® (n=10),
closure of the defect without cyst excision® (n=27), and
complete microsurgical excision (n=407). Dural defect
repair was described in 270 of these cases. Complete
microsurgical excision of the cyst and repair of the dural
defect were done in all of our cases with good outcome and
no complications.

It is prudent to excise cyst along with closure of defect
(if any), wherever possible. However, in case of extensive
cysts or anteriorly placed cysts, conservative measures
like fenestration may be the appropriate choice.
Cystoperitoneal shunting has also been wused in
refractory cases.?® Epidural blood patch placement to
occlude the dural defect has also been tried in anterior
extradural arachnoid cyst leading to stable disease
course.?? Expansive duraplasty has been reported in
case of thick, fibrous cyst which was difficult to dissect
of the dura. The dural wall was reconstructed using the
tough cyst wall layer in an expansile manner leading to
resolution of symptoms.3® Multiple SEACs, long-segment
SEAC, can be managed by limited laminectomy and
closure of the defect, thus preventing spinal
instability.31 A retrospective study was done by Kunz
et al comparing operative versus conservative
management in lumbar SEAC. They concluded that the
results of conservative treatment were nearly the same as
those of operative treatment and patients with a short
pain history and a clear neurological deficit profited most
from surgery. Those patients with slight and not clearly
related uncharacteristic symptoms should be excluded
from surgery.3? Thus, incidentally discovered SEAC
causing no symptoms can be observed.

No correlation exists between the size of a cyst alone and
the need for treatment. They can be followed up with yearly
imaging to detect new abnormality and determine whether
the cyst is truly benign.3* Surgery is recommended for large
cyst exerting mass effect and with associated symptoms.'*
On systemic review of the literature, we found that a good
clinical outcome was present in symptomatic patients,
who had shorter symptom duration and underwent
complete surgical excision of the SEAC (~Table 2, outcome
analysis).

Lee et al® have described that the recurrence of the SEAC
was related to the repair of the dural defect and not to the
completeness of SEAC excision. The incidence rate of SEAC
recurrence was 2% for the patients with repaired dural
defects as compared with 10% for the patients with
completely excised cysts without repair of the dural defect.
There was no cyst recurrence in any of our cases at an average
follow-up of 17 months. Thus, a meticulous identification
and closure of the dural defect in case of SEAC may help in
preventing recurrence. As described earlier, intraoperative
ultrasonography can be a valuable adjunct in cases where
defect localization is difficult.

In the study by Morizane et al,'> the three cases which
had poor outcome following surgery, they were unable to
find out any significant difference in age, sex, duration of
symptoms before surgery, location and shape of SEACs,

113
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operative method, and follow-up. Kendall et al>* also could
not find any preoperative distinction between the cases
that had neurological improvement and those which did
not. However, the mean age of the former (35 years) was
less than the latter (44 years), the duration of paresis was
shorter in those who improved (mean: 2 years) than in
those who did not (mean: 4.8 years). Analysis of all cases
where outcome data were available reveals that patients
with improvement had a significantly short duration of
symptoms than those who did not (21 vs. 53 months).
Thus, outcome may be related to the duration of
symptom, a longer duration having a poor outcome due
to long-standing changes in the spinal cord. In cases of
myelomalacia secondary to cyst pressure, postoperative
results are quite poor.8 All of our cases had a short
duration of symptoms and recovered well after surgery.

Conclusion

SEAC should be considered in differential of cystic spinal
lesions presenting as compressive myelopathy in the
younger age group. MRI being the investigation of choice,
radiological localization of the dural defect preoperatively
helps in management. Improvement in outcome is
significantly related with a shorter duration of symptom,
clinically symptomatic patients, and those patients who had
complete excision of the cyst. Thus, we advocate an early,
complete microsurgical excision of the lesion along with
meticulous closure of the dural defect in symptomatic
patients for a good outcome and prevention of recurrence.
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