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Abstract

Study Design: This study was a retrospective, multicenter cohort study.

Objectives: Rare complications of cervical spine surgery are inherently difficult to investigate. Pseudomeningocoele (PMC), an
abnormal collection of cerebrospinal fluid that communicates with the subarachnoid space, is one such complication. In order to
evaluate and better understand the incidence, presentation, treatment, and outcome of PMC following cervical spine surgery, we
conducted a multicenter study to pool our collective experience.

Methods: This study was a retrospective, multicenter cohort study of patients who underwent cervical spine surgery at any
level(s) from C2 to C7, inclusive; were over |8 years of age; and experienced a postoperative PMC.

Results: Thirteen patients (0.08%) developed a postoperative PMC, 6 (46.2%) of whom were female. They had an average age of
48.2 years and stayed in hospital a mean of | 1.2 days. Three patients were current smokers, 3 previous smokers, 5 had never
smoked, and 2 had unknown smoking status. The majority, 10 (76.9%), were associated with posterior surgery, whereas 3 (23.1%)
occurred after an anterior procedure. Myelopathy was the most common indication for operations that were complicated by
PMC (46%). Seven patients (53%) required a surgical procedure to address the PMC, whereas the remaining 6 were treated
conservatively. All PMCs ultimately resolved or were successfully treated with no residual effects.

Conclusions: PMC is a rare complication of cervical surgery with an incidence of less than 0.1%. They prolong hospital stay. PMCs
occurred more frequently in association with posterior approaches. Approximately half of PMCs required surgery and all ultimately
resolved without residual neurologic or other long-term effects.
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Introduction

Pseudomeningocoele (PMC) is an abnormal collection of cere-
brospinal fluid (CSF) that communicates with the subarachnoid
space and extends from the spinal canal to the adjacent para-
spinal soft tissue.! Durotomies during spinal surgery are not
uncommon. While the majority of durotomies heal after pri-
mary closure, in some cases the inability to obtain a watertight
closure may lead to ongoing CSF egress. When the rate of CSF
flow is high, a cutaneous CSF fistula may form with resultant
leakage through the incision. Conversely, when the rate of CSF
efflux is low, it may permit sufficient healing of the skin and
subcutaneous tissue and instead lead to formation of a PMC in
the paraspinal or prevertebral tissues. Due to the risk of a
potentially life-threatening infection, CSF leakage through the
skin necessitates prompt action.>” In contrast, PMCs, which
tend to form slowly as encapsulated fluid-filled masses, may
resolve gradually over time. Nevertheless, as they increase in
size, PMC may result in pain, postural headaches, and, rarely,
nerve root entrapment or spinal cord compression.*'* Neurolo-
gic deficit may also result from herniation of neural structures
through the dural defect, typically in a delayed fashion.®!!!4-1¢
The incidence of PMC after cervical spine surgery is cur-
rently unknown as the literature is limited to case reports and
small series. Furthermore, the majority of cases are likely
asymptomatic and, as such, go unreported. The rate of PMC
after lumbar spine surgery appears to be less than 0.1%'7 and
that following cervical surgery is likely even lower. Due to the
rare occurrence of PMC, its clinical presentation, management,
and outcome are not well understood. While it is well accepted
that most asymptomatic PMCs can be observed, the manage-
ment of symptomatic cases is unclear and based on expert
opinion. Some advocate for surgical repair for all symptomatic
PMC,"? whereas others believe that many PMCs, especially
when small, will sufficiently resolve spontaneously with con-
servative management.'® In order to evaluate and better under-
stand the incidence, presentation, treatment, and outcome of
PMC following cervical spine surgery, we conducted a multi-
center study to pool a collective experience of this condition.

Methods

We have conducted a retrospective multicenter case series
study involving 21 high-volume surgical centers from the
AOSpine North America Clinical Research Network, selected
for their excellence in spine care and clinical research infra-
structure and experience. Medical records for 17625 patients
who received cervical spine surgery (levels from C2 to C7)
between January 1, 2005, and December 31, 2011, inclusive,
were reviewed to identify occurrence of 21 predefined rare
treatment complications. The complications included

reintubation requiring evacuation, esophageal perforation, epi-
dural hematoma, C5 palsy, recurrent laryngeal nerve palsy,
superior laryngeal nerve palsy, hypoglossal or glossopharyn-
geal nerve palsy, dural tear, brachial plexopathy, blindness, graft
extrusion, misplaced screws requiring reoperation, anterior cer-
vical infection, carotid artery injury or cerebrovascular accident,
vertebral artery injuries, Horner’s syndrome, thoracic duct
injury, tetraplegia, intraoperative death, revision of arthroplasty,
and pseudomeningocele. Patients were excluded if the indication
for surgery was to treat one of 21 rare complications being
investigated. The present study reports on PMC specifically.

Trained research staff at each site abstracted the data from
medical records, surgical charts, radiology imaging, narratives,
and other source documents for the patients who experienced
one or more of the complications from the list. Data were
transcribed into study-specific paper case report forms. Copies
of case report forms were transferred to the AOSpine North
America Clinical Research Network Methodological Core for
processing, cleaning, and data entry.

Descriptive statistics were provided for baseline patient
characteristics. Paired ¢ test was used to analyze changes in
clinical outcomes at follow-up compared to preoperative status
where subgroup sizes permitted.

Results

Thirteen patients (0.08%) developed a postoperative PMC, 6
(46.2%) of whom were female. The incidence across the 21
participating sites ranged from 0.0% to 0.7%, with 11 sites
reporting no events. Patients with PMC had an average age
of 48.2 (+ 14.8) years. Three patients were current smokers,
3 previous smokers, 5 had never smoked, and 2 had unknown
smoking status.

The majority, 10 (76.9%), were associated with posterior
surgery, whereas 3 (23.1%) occurred after an anterior proce-
dure. Average blood loss was 1183.3 (£ 1869.4) mL, and 2 of
13 patients required a blood transfusion. Some form of graft
was placed in 10 of the 13 cases. Most of the procedures
included the levels C4 (9/13), C5 (9/13), and/or C6 (12/13),
with only 2 operations extending to C2 and T2. Myelopathy
was the most common surgical indication for procedures that
were complicated by PMC (46.2%). Only one procedure was
performed primarily for cervical radiculopathy.

Symptoms of PMC occurred an average of 13.8 days (range
1-31) after the index procedure. Three patients complained of
postural headaches, one of an enlarging anterior neck mass
(Figure 1) and another developed transient paralysis of her
lower extremities with pain radiating down her back on post-
operative day 3. Clinical presentation was not known in 3
patients, and the remaining 5 were diagnosed based on physical
examination and radiographic imaging.



Ailon et al

1S

(A) (B)

Figure |. Images from a 37-year-old woman who underwent a C4-7 anterior discectomy and arthrodesis with plating to address spinal cord
compression and myelopathy. A small durotomy occurred during decompression and this area was covered with a small piece of dural substitute
and sealant. The patient did well following surgery until she represented 4 weeks later with a 5-day history of headache. T2-weighted sagittal (A)
and axial (B) magnetic resonance imaging studies demonstrated a large pseudomeningocoele. The patient was admitted and treated with a
course of dexamethasone with complete resolution of her headache. She was discharged from the hospital and had no further sequelae. At
8-month follow-up, the patient remained symptom-free and demonstrated solid arthrodesis (C).

Seven patients (53.8%) required a surgical procedure to
address the PMC, 2 were managed with lumbar drains and
bed rest, and 4 patients were managed conservatively. Con-
servative treatment included dexamethasone (1 patient), bed
rest only (2 patients), and over-sewing the incision (1 patient).
This last patient was diagnosed with a PMC based on physical
exam and imaging and subsequently began to leak CSF
through the skin. The majority of surgical procedures (5/7)
entailed reopening of the wound and closure of the PMC
through a variety of techniques including direct repair, direct
repair with CSF diversion (lumbar drain), and muscle graft-
ing. One patient underwent simple irrigation and debridement
of a posterior cervical incision and one required emergent
exploration and evacuation of CSF within a PMC that was
compressing the spinal cord. The latter also required a second
irrigation and debridement procedure. Patients with PMC
stayed in the hospital a mean of 11.2 (£ 12.5) days. All PMCs
ultimately resolved or were successfully treated with no resi-
dual effects.

There was insufficient data to compare pre- and postopera-
tive health-related quality of life, disability, or functional mea-
sures in patients with PMC.

Discussion

The incidence of PMC was expectedly low at 0.08% (range
0.0% to 0.7%), with over half of participating sites reporting no
cases. Small numbers precluded identification of demographic
factors associated with PMC. Typical of operations to treat
cervical spondylosis, procedures in which PMC occurred were
most commonly performed for myelopathy and the majority
involved C5 and C6. The preponderance of cases (76.9%)

occurred with posterior surgery, in keeping with the much
greater dural exposure and bone removal involved in such pro-
cedures as compared to anterior cervical surgery. Although
there is a paucity of reports of cervical PMC, the majority
describe that occurring after posterior surgery,*>*'? with
fewer following anterior procedures.'*'%-?

In our series, patients presented an average of 2 weeks after
the index procedure. This is in keeping with the literature,
which suggests that the majority of symptomatic cases present
in a delayed fashion. The time from surgery to diagnosis of
postoperative PMC varies greatly in previous reports from 1
week to 14 years, although most appear to occur within the first
4 months.*>8 12141920 Three patients in the present series
developed symptoms in the first 3 days after surgery. One of
these exhibited transient paralysis with associated pain radiat-
ing down her legs and required emergent exploration to evac-
uate a CSF collection that was exerting mass effect on the
spinal cord. The other 2 patients that developed early symp-
toms also ultimately underwent surgery, though not on an
emergent basis. No previous studies document symptomatic
cervical PMC within the first postoperative week, although one
report documented acute dysphagia, dyspnea, and neck swel-
ling immediately following removal of a lumbar drain 1 week
postoperatively.'® This may have presented earlier had a lum-
bar drain not been placed. Regardless, cervical PMC, in rare
instances, appears to produce symptoms acutely and may
require urgent intervention to address neural compromise or
respiratory compromise.

Several factors may play a role in determining the size and
progression of a PMC, including the size of the dural defect,
CSF pressure, and the resistance of the surrounding soft tis-
sues.'* Tt has also been suggested that development of a ball
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valve mechanism, whereby CSF can only pass in one direction
from the subarachnoid space into the PMC, may underlie the
formation of tense PMCs. Such a mechanism could explain the
more acute presentation of some of the patients in our series as
it may explain the rapid enlargement and mass effect of the
PMCs in these cases.

The clinical presentation varied in our series, including
asymptomatic swelling noted on physical examination or rou-
tine radiographic imaging, postural headaches, enlarging neck
mass, and transient paralysis. Neurologic deficit secondary to
cervical PMC has been reported and seems to occur through 1
of 2 mechanisms. Direct compression of the spinal cord by an
enlarging PMC tends to occur early,®*' whereas delayed
myelopathy results from herniation of neural tissue through
a dural defect, often several months to years later.*>-%%-!1-12
The latter may result from chronic ischemia of an incarcerated
spinal cord.” The majority of these cases were treated with
surgical exploration, reduction of the herniated nervous tis-
sue, and direct repair of the dural defect. Interestingly, Hor-
owitz et al'® report successful conservative management of a
patient who presented with Brown-Séquard syndrome and
neck swelling. Postmyelogram computed tomography showed
a large anterior CSF collection without spinal cord compres-
sion and the patient was treated with bed rest. Follow-up
computed tomography at 3 months demonstrated complete
resolution of the PMC. Nevertheless, based on the present
series and limited data in the literature, cervical PMC present-
ing with neurologic deficit resulting from spinal cord com-
pression remains an absolute indication for operative
management.

Management of PMC is determined by the size of the lesion,
progressive enlargement, and, most important, the patient’s
symptoms. Most previous reports of cervical PMC describe
operative management®>-81219:20. however, it should be
remembered that this likely represents publication bias. PMCs
that are small, asymptomatic, and managed conservatively
would probably not be reported. In the present series, 4 patients
were successfully managed with conservative measures alone
and another 2 with placement of a lumbar subarachnoid drain.
In the absence of significant symptoms (neurologic deficit,
respiratory compromise) or progressive enlargement of the
PMC, it is reasonable to manage this condition with bed rest.
Consideration can also be given to placement of a lumbar drain
to relieve pressure on the defect and allow for satisfactory
wound healing.

Indications for surgical management of cervical PMC
include neurologic deficit, respiratory compromise, progres-
sive enlargement, and failure of conservative management.
As with most cases of cervical PMC reported in the literature,
several patients (7; 53.8%) in the present series underwent
some form of operative management. For all but one, this
included repair of the defect either directly or with grafting
of a local muscle flap. Similarly, previous reports describe
exploration and repair of the dural defect through a variety of
techniques including direct repair,” with and without adjuvant
fibrin glue®2® or dural substitute,”'> fascial or muscle graft."

Closure was supplemented by intraoperative placement of a
lumbar drain in 1 of 7 patients treated surgically in our series.
Likewise, Varma et al’ employed a lumbar drain following
repair of a PMC that resulted from a dural vent over the C6
nerve root for which primary repair was difficult. Andrew and
Sidhu utilized a cervical-peritoneal shunt to divert CSF from
an anterior PMC after failure of direct repair and lumbar-
peritoneal shunt.'® The main goal of surgical management
is to identify the dural opening and obtain a watertight closure
thereof. This can often be achieved through direct repair but,
in complex cases, may require alternate strategies such as
muscle grafting. In such cases, consideration may be given
to CSF diversion either through lumbar drainage or by place-
ment of a shunt.

This study’s most significant limitation is its retrospective
design. It likely resulted in underreporting of cases and, con-
sequently, a falsely low estimate of the true incidence of cer-
vical PMC. This would be particularly true for smaller,
asymptomatic lesions as routine imaging was not performed
for all cases. The incidence may also have been artificially low
due to loss to follow-up of patients who presented to other
medical centers for treatment of their postoperative complica-
tion. The fact that over half of the patients in our series under-
went surgery to repair their PMC may represent reporting bias
of more severe cases. Another limitation of this study was the
small case number—inherent to studying rare complications
such as PMC—which precluded comparison of risk factors and
outcomes with patients that did not have this complication.
Finally, because of incomplete surgical data, we were not able
to determine the suspected cause of PMC in the cases we
report. For 7 of the 13 patients who underwent surgery for
treatment of myelopathy or radiculopathy, PMCs resulted from
unintentional durotomies or unrecognized dural defects. For
the remaining 6 patients, the cause was unknown.

Conclusions

Pseudomeningocoele is a rare complication of cervical surgery
with an incidence of less than 0.1%. They occur more fre-
quently after posterior than anterior approaches. The hospital
stay tends to be prolonged relative to the expected duration
after cervical surgery, and PMC may be associated with signif-
icant symptoms such as neurologic decline and respiratory
compromise. In the absence of such symptoms, many cases can
be successfully managed with conservative measures or place-
ment of a lumbar drain. A variety of surgical techniques can be
employed to treat PMC with the common goal of obliterating
the dural opening.
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