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Objective : To retrospectively analyze the clinical characteristics and surgical experience of 10 adults with spinal extradural
meningeal cysts (SEMCs) in the thoracolumbar spine which may further provide evidence for surgical decision-making.

Methods : Ten adults with SEMCs in the thoracolumbar spine were surgically treated and enrolled in this study. Clinical
manifestations, imaging data, intraoperative findings and postoperative outcome were recorded.

Results : Clinical manifestations of SEMCs included motor and sensory dysfunction of the lower limbs and urination and defecation
disturbance. The cysts presented as intraspinal occupying lesions dorsal to the spine, ranging from the T8 to L3 level. Defects of
eight cases were found on preoperative magnetic resonance imaging (MRI). Selective hemilaminectomy or laminectomy were used
to reveal the defect within the cyst, which was further sutured with microscopic technique. The final outcome was excellent or good
in seven cases and fair in three cases. No recurrence was observed during follow-up.

Conclusion : SEMCs are rare intraspinal cystic lesions. Radiography and MRI are clinically practical methods to assess defects
within SEMCs. Selective hemilaminectomy or laminectomy may reduce surgical trauma. Detection and microscopic suturing of the
defects are the key steps to adequately decompress the nervous tissue and prevent postoperative recurrence.
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INTRODUCTION noid diverticula, pouches, meningoceles"'******”. Most SEMCs
are usually found at dorsal or dorsolateral side of the spinal
Spinal extradural meningeal cysts (SEMCs) are rare patho- cord and are especially common at the thoracic or thoraco-

logical entities caused by intraspinal cystic compression to the lumbar segments in adults, resulting in sensory-motor distur-

spinal cord and/or nerve roots which may lead to a series of
neurological disorders, accounting for only 1-3% of intraspi-
nal lesions""**. As the pathogenesis is not clear, many nomen-
clatures were used in the previous reports to describe these

entities, such as extradural meningeal/arachnoid cysts, arach-

bance or sphincter dysfunction™”. In this study, we retrospec-
tively analyzed clinical characteristics, location of defects and
surgical experience of ten adults with SEMCs in the thoraco-
lumbar spine which may further provide evidence for surgical

decision-making.
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MATERIALS AND METHODS

General information

All procedures performed in this study were in accordance
with the ethical committee of Xuanwu Hospital, Capital Med-
ical University. Informed consent was obtained for all enrolled
patients. From January 2017 to November 2019, ten adults with
single symptomatic SEMC in the thoracolumbar spine were
admitted to our hospital and received surgical treatment. The
patients’ clinical manifestation, physical examination and im-

aging data were carefully recorded prior to analysis.

Assessment of defect location

Radiography and magnetic resonance imaging (MRI) were
the two main methods for the assessment of dural defects. As-
sessment criteria : a possible location of a defect might be indi-
cated by severe bony erosion in the vertebral body and/or pedi-
cle, significant enlarged intervertebral foramen on radiography,

or a regional expanded cyst wall which usually protrudes to one

Fig. 1. Case No. 12. A : Sagittal T2-weighted MR image demonstrates a
cyst extending from T11 to L2 with dorsal compression of the spinal cord
and cauda equina. B : Axial T2-weighted image reveals cyst extension
through the left neural foramina. C : Anteroposterior radiography shows
narrowing of bilateral vertebral pedicles from T12 to L1 (nail pointed to
spinous process of T12). D : Nerve root fiber moves back and forth via the
dural defect.
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side on the horizontal MR image (Figs. 1 and 2)"*"”. Some T2-
weighted MR images revealed a lower signal within the cyst,
which could be the result of flow voids caused by cerebrospinal
tluid (CSF) going through the dural defect (Fig. 3).

Surgical management

A posterior approach was performed within the field con-
taining the SEMC and defect according to preoperative radi-
ography and MRI. Selective hemilaminectomy or laminotomy
was used to remove lamina where the defect of the SEMC
would possibly be. Exposure of the caudal or rostral boundary
of the SEMC was unnecessary and should be avoided. The
outer cyst wall was incised longitudinally, yielding CSE-like
fluid, and the inner cyst wall was examined through the cyst
under microscope. After revealing the defect, 8—0 nylon su-
ture was used to repair it with the microsurgical technique.
Muscle mud and fibrin sealant were applied to strengthen the
sutured defect as necessary (Fig. 3). If the defect was not found
regionally, a further exploration would be applied upwards or
downwards, or on the contralateral side along the incision.

The outer wall of the cyst was left open.

Fig. 2. Case No. 7. A : Sagittal T2-weighted magnetic resonance image
demonstrates an irregular cyst extending from T12 to L2 with dorsal
compression of the spinal cord. B : Axial T2-weighted image shows a
bony erosion in the back of L1 vertebral body (right side) by spinal
extradural meningeal cyst and enlargement of bilateral intervertebral
foramens.
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dorsal compression of the spinal cord. All SEMCs shows homogenous low-intensity signals
on T1-weighted MRI and high-intensity signals on T2-weighted MRI. No enhancement is demonstrated by contrast agents. A suspected flow void is
identified at T12 level. D : Axial T2-weighted image (T12 level) reveals the cyst is larger in the right side. E : Dural defect is identified under T12 nerve root
sleeve during surgery, and the nerve root is adherent to the defect. F : Closing of the defect. G : Strengthening with muscle and fibrin sealant at the
defect. H : Significant resolution of SEMC and nerve decompression after surgery. SEMC : spinal extradural meningeal cyst, MRI : magnetic resonance
imaging.

Outcome and follow-up

Postoperatively, patients were regularly followed-up after
discharge at 3 months, 6 months, 1 year, and 2 years, includ-
ing MRI, outpatient examination and telephone interviews.
The surgical outcome was evaluated on a four-grade scale as
previously described”” : 1) excellent (no pain and no neuro-
logical deficits); 2) good (occasional mild pain and no neuro-
logical deficits); 3) fair (frequent pain, slightly improved neu-
rological deficits, and some change in work status); and
4) poor (disabling pain, unchanged neurological deficit, and

unable to work).

RESULTS

Clinical presentations

General information of our series is displayed in Table 1.
The average age of the ten patients was 47.7 years (range, 24—
80). The average duration from onset to surgery was 86.1
months (range, 1-300). The male-to-female ratio was 1 : 1.
Five patients exhibited motor disorders of the legs (including
three patients with bilateral lower limb weakness and two pa-
tients with unilateral lower limb weakness, one patient with
amyotrophy), six exhibited sensory disorders (including five
patients with waist ache and four patients with numbness of

two legs). Load-bearing activity, sitting for a long time, and
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coughing aggravated symptoms, but most patients were re-
lieved after rest. Only one patient complained of long-term
urination and defecation disturbance. No asymptomatic pa-

tients were enrolled in this study.

Radiological findings

All SEMCs showed the same radiological characteristics as
CSF on MRI : low-intensity signals on T1-weighted images,
high-intensity signals on T2-weighted images, and no en-
hancement displayed by contrast agents (Fig. 3). The ten cysts
presented as occupying lesions dorsal to the spinal cord and
cauda equina and centered at the thoracolumbar segments
(range, T8 to L3 level). The average length was 3.9 spinal seg-
ments (range, 2—7). According to our preoperative imaging
criteria for assessment, of the 10 cases, eight patients presented
with clear defects (include segment and/or side), while the

other two cases’ defects were ambiguous (Table 1).

Surgical findings

All patients underwent microscopic surgeries, which were
performed by a single senior surgeon. Hemilaminectomy (six
cases) or laminectomy (four cases) were applied according to
the defect position predicated with preoperative MRI and ra-
diography (Table 1; range, T11 to L2 spinal segment). During
surgery, all cysts with very thin walls were identified dorsal to

the spinal cord and cauda equina. There was only one small



Table 1. General information of the 10 patients
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Laminectomy, CC

No

T12

T8-L2 (7)

Weakness of left leg

60
1

6

55

20
20

Hemilaminectomy, CC

No

LT (L)
T2 (LY)

T12-L23)
T11-L2 (4)

Lower back pain

47

Laminectomy, CC, SWM

Yes

Weakness of left leg

24

10

*QOutcome : 1, excellent; 2, good; 3, fair. DD : dural diverticula, MR : magnetic resonance, M : male, L : lumbar, Rt : right, CC : closing cleft, SWM : strengthening with muscle, F : female, T : thoracic,

Lt:left
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longitudinal or oval defect with smooth margin confirmed in
each SEMC (range, approximately 3 to 10 mm in length) and
they were all located near the nerve root sleeve (five around L1
and the other five near the T12 nerve root sleeve). CSF flowed
out from the defects regularly, which theoretically result in the
expansion of the SEMCs. The left-to-right side ratio of defects
was 5 : 5. SEMCs connected with subarachnoid space via du-
ral defects, under which spinal cords or nerve roots adherent
to the defects could be revealed (Fig. 3). Nerve root fibers
moved back and forth with a CSF pulse through the defect in
four patients. All defects were fully repaired during micro-
scopic surgery after returning nerve root fibers to the sub-
arachnoid space as necessary. Four sutured defects were
strengthened with muscle mud and fibrin sealant to avoid

CSF leakage. Complete cyst excision was not applied.

Neuropathology
Postoperative neuropathological analysis of resected cyst
wall demonstrated arachnoid epithelial and compact fibrous

connective tissue.

Outcome and follow-up

The average follow-up duration was 13.2 months (range,
2-24). On the four-grade scale, the postoperative outcome was
excellent in four cases, good in three, fair in three and poor in
none. The postoperative courses of all patients were unevent-
ful and none experienced remarkable perioperative complica-
tions. Residual cysts shrank dramatically or even completely
disappeared. Decompression of the spinal cord and cauda
equina was fully achieved at follow-up with no recurrence on
MRL

DISCUSSION

Etiology

In previous literature, the classifications for pathologies of
spinal meninges are controversial. In 1988, Nabors et al.”” di-
vided spinal meningeal cysts into three categories : type I,
cysts without nerve root fibers (subdivided into IA, extradural
arachnoid cysts, and IB, sacral meningoceles); type II, cysts
with nerve root fibers; and type III, intradural meningeal
cysts. Recently in 2017, Klekamp'” indicated that the classifi-

. 20 .
cation by Nabors et al.”” was not accurate and comprehensive
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in terms of different pathologies of spinal meninges. There-
fore, he introduced a new classification system which may
represent distinct entities requiring different approaches for
diagnosis and treatment. Pathologies of the spinal dura were
classified into three categories : dural diverticula (type I), dis-
sections (type II), and ectasias (type III), and SEMCs were cat-
egorized as dural diverticula.

SEMCs presented as extradural cystic occupying lesions
filled by CSF"”. The mainstream hypothesis is that SEMC is
caused by herniation of arachnoid tissue via a dural defect
which connecting the cyst and the subarachnoid space. The
cyst gradually expands with tension as CSF gathers within it
and finally compresses the nervous tissues"'**". Postoperative
histopathology of the resected cyst wall revealed arachnoid
epithelial and compact fibrous connective tissue, which sug-
gested dural components are contained in the outer wall of
the cyst"*'"*.

Suspected reasons for cyst expansion are still debatable, in-
cluding the osmotic pressure gradient between the cyst and
the subarachnoid space, CSF pulsation and high hydrostatic

. . 3,22,24
pressure, and arachnoid secretion theory

), Among them,
many researchers agree with the valve-like mechanism : the
dural defect works as a ball valve, creating a two-way system
of unequal CSF flow, allowing CSF to move intermittently
from the high-pressure subarachnoid space to the low-pres-

2,13 .
' Morizane et

sure cyst, thus resulting in cyst enlargement
al."” found in seven patients that nerve root fiber moved back
and forth around the dural defects that allowed CSF to flow
into the cysts, which may be considered as a new valve-like

mechanism.

Location of defects and intraoperative findings
One difficulty for surgical management of SEMC is the de-
tection for the dural defect. An accurate preoperative assess-
ment of the defect plays an important role in formulating sur-
gical strategy. Previous reports introduced several methods
for location, including cine-MRI, computed tomography my-
elography, time-spatial labeling inversion pulse MRI, digital

6,8,9,16,18,21) How-

subtraction cystography and MR myelography
ever, due to sporadic reports of cases for each examination
and a frequent occurrence of negative results, no single meth-
od is significantly better than the others.

Based on our experience and previous literature, a defect of

thoracolumbar SEMC is commonly found at the T12 to L1
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segments, in close proximity to the branching point of the
nerve root sleeve"™"'?. In our series, all 10 defects were located
in this region. Suspected causes include : 1) a larger range of
motion in this area facilitates tearing of the inner layer near
the nerve root sleeve; and 2) this area is vulnerable to congeni-
tal dural hypoplasia”. As most defects are located to one side
of nerve root sleeve, the walls of cysts at defects are likely to
bulge and protrude laterally and show regional flow-voids on
MRI. The formation of SEMCs are slow, and they occupy
space. They can gradually destroy the bony structure of spine,
usually presenting as erosive changes in the vertebral body,
pedicle and foramen, which can be used as indirect but reli-
able imaging evidence to identify the position of the defect. In
our series, the locations of defects in all eight patients whose
defects were identified preoperatively were certified during
surgery, which means that as long as the assessment criteria is
rational, X-ray plain film and MRI are enough to effectively
estimate the dural defects. For defects that are hard to identity,
we suggest starting surgical exploration from the T12-L1 seg-
ments. If the laterality of the defect is uncertain, selective lam-
inectomy is recommended in order to expose the bilateral

nerve root sleeves at the same time.

Treatment strategy and surgical outcome
Microinvasive surgery is preferred by most authors as the
first choice for management™. However, there is still no agree-
ment on the most effective surgical strategies. Grag et al.” re-
ported ten cases of SEMCs who underwent unselective lami-
noplasty and total resections which covered the whole range
of cysts. Among them, dural defects were found and repaired
in eight patients, and cyst resections were performed in nine
patients, except for one patient in whom the cyst expanded
from C3 to L2 and marsupialization was applied”. Funao et
al.” divided 12 thoracolumbar SEMCs patients into two
groups : in the first group undergoing total resection of the
cyst (seven cases), unselective laminectomy was performed at
all the levels where the cyst existed; whereas in the second
group undergoing closure of the dural defect without cyst re-
section (five cases), they performed selective laminectomy
only at the level of the communication site preoperatively
identified by neuroimaging and detected the defect by insert-
ing a flexible neuroendoscope into the cyst cavity. In terms of
the functional recovery, they did not observe a significant dif-

ference between the two groups, but the second surgical pro-



cedure was less invasive and better at reducing the mean post-
operative kyphotic angle of the thoracolumbar spine.
Laminectomy needs to separate bilateral paravertebral
muscles and open the spinal process and lamina complex. As
the exposed segments increase, massive surgical trauma is un-

. 17,23
avoidable”’

. Multiple-level laminectomy can destroy the bal-
ance of spinal stability, which may finally induce kyphosis in
surgical thoracolumbar segments. Hemilaminectomy is more
microinvasive to keep the spinal process and lamina intact on
the contralateral side. It is highly advantageous for the protec-
tion of spinal stability, but higher requirements are needed,
such as accurate preoperative identification of the dural defect
and experienced microsurgical skills (Fig. 4)"”. In addition, we
recommend a selective surgical approach'”. Selective hemi-
laminectomy (with identified spinal segment and laterality) or
laminectomy (with identified segment) is preferred as long as
the position of the defect is initially confirmed before sur-
gery”. If the defect is not detected in the selective region un-
der microscope, further exploration could be performed up-
wards or downwards or on the other side along the incision.
Because multiple-segment laminectomy tends to induce ver-
tebral deformation as a long-term postoperative complication,

tusion and fixation in regional thoracolumbar segments are

suggested™™”.

Fig. 4. Case No. 6. A : A cyst extends fr
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Defect repairment and total cyst excision are considered by
most authors as the mainstream management method, but
the best surgical treatment is still debatable'****”. Hatashita et
al.” suggested that defect repair is not necessary as long as to-
tal cyst resection is achieved. This idea is mainly based on
some cases without detectable defects within cysts, or postop-
erative recurrence after total cyst excision. After analyzing
their own surgical experience (eight patients) and previous re-
ports, Lee et al.”” demonstrated that there was no significantly
positive relationship between total cyst excision and postoper-
ative outcome or recurrence rate. But larger surgical exposure
tended to increase the risk of complications after surgery. On
the contrary, patients with defect repair have significantly bet-
ter postoperative outcomes and lower in recurrence rates
compared with patients without defect closure.

The purposes of surgery for SEMCs include two key points :
1) to relieve compression by the cyst on the spinal cord and
nerve root in order to restore neurological function and 2) to
close the defect between the cyst and subarachnoid space to
prevent recurrence’”. The core pathogenesis of SEMC is the
long-term and consistent impact of CSF flow to the dural de-
fect, which leads to an expansion of the cyst. Therefore, defect
repair is the most crucial treatment to prevent postoperative

1,11,19,25,27
recurrence

', In this study, our surgical strategy focused

significant narrowing of left vertebral pedicles of T12 (red arrow). C : However, the cyst presents symmetrically at T12 level on axial T2-weighted image.
D : The cyst shranks dramatically and nerve decompression is achieved. E : Postoperative three-dimensional computed tomography reconstruction

illustrates the range of hemilaminectomy (from T12 to L2).
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on detecting and tightly repairing dural defects in all ten pa-
tients, without total cyst excision. This strategy has several ad-
vantages ™" : 1) to avoid increasing the risk of postoperative
kyphosis due to extensive removal of vertebral plates; 2) to
block the formation and expansion of SEMCs by aiming at the
primary cause; and 3) to reduce recurrence rate. As hemilami-
nectomy was applied in our management, the intraspinal sur-
gical field was very small. We used 8—0 nylon suture to repair
the defect of the cyst (Fig. 3F). The length of each defect varied
and ranged from around 3 to 10 mm. To effectively achieve
dural closure, interrupted suture (for small defect) or running
suture (for larger defect) was selectively performed according
to the individualized situation, with delicate microsurgical
manipulation under microscope. This technique had a high
requirement for the surgical skill of the neurosurgeon. Supple-
mentary dural substitute was not used, but muscle mud and
fibrin glue were applied occasionally to reinforce the sutured
defect when necessary. Marsupialization mainly applies to
multiple-segments SEMC. When the defect is hard to identify
and repair during surgery, connecting the large cyst and the
subarachnoid space by extensively opening the inner layer of
the cyst can stop one-way CSF collection in the cyst through
the dural defect and result in a free and two-way flow of iso-
tonic CSF. Even though decompression of the spinal cord and
nerve roots are fully achieved when the cyst tension declines
dramatically, a remarkably enlarged dural sac may still exist
on the follow-up MRI after marsupialization'”. Simple aspira-
tion of cyst liquid does not represent adequate treatment and
should not be recommended”.

Most patients’ symptoms are effectively relieved after sur-
gery”>**_ In this study, four patients became completely free
of symptoms, while three reported substantial improvement.
Three patients with a long interval of time before surgery were
fair in outcome. The symptoms and neurological functions of
No. 3 (muscle atrophy) and No. 5 (urination and defecation
disturbance) patients remained stable postoperatively, but sur-
gery did not cause any new pain or discomfort and they could
still go back to regular work and life. The range of SEMC was
extensive in patient No. 8 (T8 to L2). His spinal cord had been
significantly compressed for more than 60 months and only a
little symptomatic improvement was achieved after surgery.
The possible causes for patients whose outcome were fair or
poor include™*” : 1) long preoperative time interval; 2) exten-

sive cyst range; and 3) severe sphincter dysfunction and/or
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muscle atrophy before surgery, which may result from long-
term or widespread compression of the spinal cord and nerve

roots by the cyst.

Limitations

This study has several limitations. First, SEMC is a rare dis-
ease, and the number of enrolled cases was not large. Second,
this was a retrospective single-center study, and in two of 10
patients, we could not find clear radiological evidence of dural
defects preoperatively. Third, there is a paucity of generally ac-
cepted methods, with high diagnostic accuracy and conve-
nience, for the location of dural defect. Thus, an optimized
preoperative assessment method is needed. Nonetheless, the
current study may still provide valuable evidence for the sur-

gical decision-making of SEMCs.

CONCLUSION

SEMCs are rare intraspinal-occupying cystic lesions. The
formation of SEMC is proposed to be concerned with regional
dural avulsion, and the cyst is further expanded by the hydro-
dynamic and pulsatile CSF forces. Radiography and MRI are
effective methods for assessing the location of the defects. Se-
lective hemilaminectomy or laminectomy can reduce surgical
trauma and avoid postoperative kyphosis. The detection and
microscopic suturing of the defects are the key steps to ade-
quately decompress the nervous tissues and prevent postoper-

ative recurrence.
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