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Abstract
Study Design: Retrospective multicenter case series study.

Objective: Because cervical dural tears are rare, most surgeons have limited experience with this complication. A multicenter
study was performed to better understand the presentation, treatment, and outcomes following cervical dural tears.

Methods: Multiple surgeons from 23 institutions retrospectively identified 21 rare complications that occurred between 2005
and 201 I, including unintentional cervical dural tears. Demographic data and surgical history were obtained. Clinical outcomes
following surgery were assessed, and any reoperations were recorded. Neck Disability Index (NDI), modified Japanese
Orthopaedic Association (mJOA), Nurick classification (NuC), and Short-Form 36 (SF36) scores were recorded at baseline and
final follow-up at certain centers. All data were collected, collated, and analyzed by a private research organization.
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Results: There were 109 cases of cervical dural tears among 18463 surgeries performed. In 101 cases (93%) there was no clinical
sequelae following successful dural tear repair. There were statistical improvements (P < .05) in mJOA and NuC scores, but not
NDI or SF36 scores. No specific baseline or operative factors were found to be associated with the occurrence of dural tears. In
most cases, no further postoperative treatments of the dural tear were required, while there were |3 patients (12%) that
required subsequent treatment of cerebrospinal fluid drainage. Analysis of those requiring further treatments did not identify an
optimum treatment strategy for cervical dural tears.

Conclusions: In this multicenter study, we report our findings on the largest reported series (n = 109) of cervical dural tears. Ina

vast majority of cases, no subsequent interventions were required and no clinical sequelae were observed.
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Introduction

Unintentional dural tears complicate cervical spine surgeries in
0.5% to 3.7% of cases."™ There have been 2 single-center
studies that reported on the outcomes following the uninten-
tional cervical dural tears, both finding no long-term sequelae
when they are appropriately managed.®® Despite reviewing
thousands of patients in these studies, the overall number of
patients with a dural tear was low. Because of the rarity of this
complication, even experienced surgeons with large cervical
spine practices may have limited experience with cervical dural
tear management. Furthermore, severe complications from
cervical dural tears are possible, including fistula formation,'®
meningitis,' or life-threatening airway compromise.'' There-
fore, in order to understand the presentation, treatment, and
outcome of this complication, a multicenter study was per-
formed to pool collective experiences with cervical dural
tears.

Methods
Patient Cohort

We 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 infrastructure 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, were reviewed to identify
occurrence of 21 predefined treatment complications including
dural tear. Trained research staff at each site abstracted the data
from medical records, surgical charts, radiology imaging, nar-
ratives, and other source documents for the patients who expe-
rienced one or more of the complications from the list. Data
was 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. Past surgical history was determined, and revi-
sion surgery was defined as a surgery with an approach

(anterior vs posterior) and surgical level previously utilized.
Operative details were determined, including the specific
intraoperative treatment of the dural tears. Clinical outcomes
following surgery were assessed, and any reoperations to control
cerebrospinal fluid (CSF) drainage were recorded. Other post-
operative treatments of the dural tears, such as bedrest and lumbar
subarachnoid drain placement, were additionally recorded. Fail-
ure of the primary treatment of a dural tear was defined as con-
tinued leakage of CSF requiring either reoperation or delayed
subarachnoid lumbar drain placement (unplanned beyond post-
operative day 1).” For those failing the initial treatment, any sub-
sequent interventions were determined. Neck Disability Index
(NDI), modified Japanese Orthopaedic Association (mJOA),
Nurick classification (NuC), and Short-Form 36 Physical Com-
ponent Score (SF36-PCS) and Short-Form 36 Mental Component
Score (SF36-MCS) were recorded at baseline and final follow-up
at certain centers. Scores were reported from 7 centers for NDI, 15
for NuC, 5 for mJOA, and 4 for SF36. All data were collected and
collated by a private research organization.

Control Group

In order to assess for possible risk factors for the occurrence of
cervical dural tears, a control group was identified from the
CSM-NA and CSM-I studies'*'® by meeting the following
criteria: from North America, having the same surgery type
as the comparison group, and not having a cervical dural tear.
All cases in this control group were primary surgeries that were
done in the treatment of cervical myelopathy.

Statistics

Statistical analyses were performed by the same independent
group. The results were presented as mean (standard deviation)
and number (%) for continuous and categorical variables,
respectively. Significance (P value) was calculated using
2-sample ¢ test for continuous variables and y? tests or Fisher
exact tests for categorical variables, with statistical signifi-
cance taken as P < .05. Statistical analyses were performed
using SAS, version 9.4 (SAS, Cary, NC).
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Table I. Patient Characteristics of Those With Dural Tears.

Variable Dural Tear Group (n = 109)
Age 569 + 13.8
Gender
Male 62 (56.9)
Female 47 (43.1)
BMI 29.0 + 6.7
Smoker 26 (28.6)
OPLL 11 (10.9)
Diagnosis
Degenerative disc 21 (19.3)
Myelopathy 70 (64.2)
Radiculopathy 24 (22.0)
Instability 2 (1.8)
Tumor I (0.9)
Fracture 7 (6.4)
Other 22 (20.2)
Surgical approach
Anterior 66 (60.6)
Posterior 38 (34.9)
Circumferential 5 (4.6)
Revision surgery 21 (19.3)
Levels included
Occiput I (0.9)
Cl 3 (2.8)
C2 19 (17.4)
(k] 53 (48.6)
C4 76 (69.7)
C5 100 (91.7)
Cé 95 (87.2)
c7 63 (57.8)
Tl 15 (13.8)
T2 8(7.3)
Blood loss (mL) 585.4 + 940.8
Intraoperative transfusion 12 (11.7)
Operative time (minutes) 207.9 + 106.8
Operative levels 38+ 1.3
Length of hospitalization (days) 65 + 76

Abbreviations: BMI, body mass index; OPLL, ossification of the posterior long-
itudinal ligament.
Data presented as average + standard deviation and n (% of total).

Results

Patients With Dural Tears

There were 109 cases of cervical dural tears identified among
the 18463 patients reviewed (0.6%). The median incidence rate
among the 21 centers was 0.4%, with an average + standard
deviation of 0.9 4+ 1.14%. There were 4 centers that reported
no cases of dural tears. Patients had an average age of 57 years
and 57% were male (Table 1). The most common diagnoses
were myelopathy (64%) and radiculopathy (22%), and anterior
approaches were more common (61%). An average of 3.8 lev-
els were addressed during surgery, and the average length of
stay was 6.5 days.

Intraoperative treatments of the dural tear included direct suture
repair (n= 17, 16%), use of sealant or patch materials (n = 62, 57%),
or a combination of suture repair with a sealant/patch (n = 16, 15%).

Table 2. Patient-Reported Outcome Scores in Patients With Dural
Tears™.

Outcome Measure N Baseline Follow-up P

NDI 17 373 £225 369 +212 231
mJOA 18 125 + 42 139 + 35 .033
Nurick 35 29 £ 1.7 23+ 1.8 .008
SF36-PCS 14 358 +£ 107 343 + 106 214
SF36-MCS 14 46.1 + 145 427 + 149 205

Abbreviations: NDI, Neck Disability Index; mJOA, modified Japanese Ortho-
paedic Association; Nurick, Nurick classification; SF36-PCS, Short-Form 36
Physical Component Score; SF36-MCS, Short-Form 36 Mental Component
Score.

?Data presented as average + standard deviation. Bold values indicate statis-
tical significance (P < .05).

No specific treatment was utilized or able to be determined in 14
cases (13%). Sealant/patch materials varied and included DuraGen
(Integra LifeSciences Co, Plainsboro, NJ), DuraSeal (Covidien,
Minneapolis, MN), Tisseal (Baxter Healthcare Co, Deerfield, IL),
Surgicel (Ethicon, Somerville, NJ), Evicel (Ethicon, Somerville,
NJ), Surgifoam (Ethicon, Somerville, NJ), Gelfoam (Pfizer Inc, New
York,NY), and/or local muscle. Additionally, a lumbar drain
was placed in 15 patients (14%), which was continued for
an average of 5.0 + 3.5 days (median = 4 days) at rates of
10 to 20 mL/h. Bedrest was prescribed in 35 cases (32%)
and continued for an average of 2.7 + 2.1 days (median =
2 days). The specific protocol for the bedrest period varied
widely from the bed remaining flat to having the head of the
bed at 60°. The most common protocol used was keeping
the head of the bed at 30°.

A majority of patients required no further treatment follow-
ing the initial surgery, while 13 patients (12%) required subse-
quent interventions to control CSF drainage. There were
6 cases that required a revision operative dural repair (6%),
5 cases that required delayed (beyond postoperative day 1)
lumbar drain placement (5%), and 2 that had both a revision
surgery and lumbar drain placement (2%). There were
10 patients (9%) that had revision operations for reasons other
than recurrent CSF drainage, including postoperative hema-
toma (n = 2), infection (n = 1), revision decompression,
and/or fusion (n = 7).

Outcomes

Following successful control of the CSF drainage, a majority of
patients had no symptoms attributable to the occurrence of the
dural tear (n = 102, 94%). There were 4 patients (4%) that
experienced residual effects from the dural tear, and 3 patients
(3%) whose outcome could not be ascertained. The possible
residual effects attributable to dural tear occurrences were
unable to be characterized.

A statistically significant improvement in myelopathy
severity was noted postoperatively, as determined by mJOA
and NuC scores (Table 2). No significant difference was noted
between baseline and follow-up NDI, SF36-PCS, or SF36-
MCS scores.
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Table 3. Comparison Between Patients With Dural Tears and
Control Group®.

Table 4. Comparison Between Patients With Dural Tears and
Control Group.

Dural Tear Control
Group Group
Variable (n = 109) (n =392) P
Age 569 + 138 572 + 11.8 .8I5
Gender 737
Male 62 (56.9) 230 (58.7)
Female 47 (43.1) 162 (41.3)
BMI 29 + 6.7 29 + 6.2 995
Smoker 26 (28.6) 104 (26.5) .693
Surgical approach 1.000
Anterior 66 (60.6) 237 (60.5)
Posterior 38 (34.9) 137 (35.0)
Circumferential 5 (4.6) 18 (4.6)
Operative time (minutes) 2079 + 106.8 193.7 + 82.2 .189
Operative levels 38 + 1.3 39 £+ 1.3 194
Length of hospitalization (days) 6.5 + 7.6 57 £ 95 438

Abbreviation: BMI, body mass index.
Data presented as average + standard deviation and n (% of total).

Risk Factor Analyses

No significant differences were identified between patients
found having sustained a dural tear and the historical control
group (Table 3). As a result, no potential risk factors for the
occurrence of dural tears were identified.

Male gender was found to be the only significantly different
factor between those who had successful primary treatment of
the dural tear with those that required subsequent surgery or
later lumbar drain placement (Table 4). The group requiring
subsequent treatment of CSF drainage also had significantly
longer hospital stays.

Discussion

The occurrence of an unintentional dural tear during cervical
spine surgery is a rare complication. In this multicenter study,
we report our findings on the largest reported series (n = 109)
of cervical dural tears. In most cases no subsequent interven-
tions to control CSF drainage were required, while 12%
required further treatments following the index surgery. In a
majority of cases (93%), there were no clinical sequelae
directly attributable to the occurrence of a dural tear.

There have been 2 previous studies investigating the out-
comes following cervical dural tears. Hannallah et al per-
formed a retrospective review of 1994 cervical spine surgery
patients at a single institution.® They found dural tears to have
occurred in 20 patients (1%), and they identified risk factors for
cervical dural tears to be OPLL (ossification of the posterior
longitudinal ligament), revision anterior surgery, male gender,
and performance of a corpectomy. Age and location of
approach (anterior vs posterior) were not found to be signifi-
cant factors. Though no patient-reported outcomes were
reported, the study found no adverse events attributable to the
occurrence of a dural tear. Similarly, our study did not find age

Successful Primary Failed Primary

Dural Tear Dural Tear
Treatment Treatment
Variable (n = 96) (n=13) P
Age 56.7 + 13.9 586 + 134 .637
Gender .038
Male 51 (53.1) Il (84.6)
Female 45 (46.9) 2 (15.4)
Height (in) 66 + 4 69 + 3 .084
Weight (Ib) 179 + 46 210 + 53 .054
Smoker 23 (24.0) 3 (23.1) .849
OPLL 10 (10.4) 1 (7.7) 1.000
Revision case 19 (19.8) 2 (15.4) .728
Surgical approach 297
Anterior 60 (62.5) 2 (15.4)
Posterior 31 (32.3) 6 (46.2)
Circumferential 5(5.2) 7 (53.9)
Operative time (minutes)  209.6 + 1088 1939 + 93.6 .696
Estimated blood loss (mL)  588.8 + 948.8 5583 + 929.0 .928
Length of hospitalization 59 +74 120 + 73 .021
(days)
Dural repair method
Suture repair 29 (30.2) 4 (30.8) 1.000
Patch/sealant 70 (72.9) 8 (61.5) 513
Unknown/none 8(8.3) 3 (23.1) 124
Lumbar drain 14 (14.6) 1 (7.7) .690
Bedrest 28 (29.2) 7 (53.9) A1

Abbreviations: BMI, body mass index; OPLL, ossification of the posterior long-
itudinal ligament.

Data presented as average + standard deviation and n (% of total). Bold values
indicate statistical significance (P < .05).

or location of approach to be associated with dural tears, and a
majority of patients had no clinical sequelae from its occur-
rence. However, we did not find that gender was associated
with the occurrence of dural tears.

In the other study investigating cervical dural tears, O’Neill
et al® performed a single institutional review of 3848 opera-
tions. In agreement with Hannallah et al, the incidence of dural
tear was found to be 1%. Significant risk factors for the occur-
rence of a dural tear were found to be (1) older age, (2) rheu-
matoid arthritis, (3) OPLL, (4) cervical deformity, (5) longer
operative time, (6) greater number of surgical levels, (7) worse
neurologic status, (8) performance of a corpectomy, and (9)
revision laminectomy. Interestingly, our results did not find
an association between dural tears and age, operative time, or
the number of surgical levels.

We found that 12% of patients underwent further treatment of
persistent CSF drainage, and no patients required hospital read-
mission. Similarly, Hannallah et al found that 10% had issues
related to CSF drainage beyond the index surgery, with 5%
requiring a reoperation.® Suture repair and/or patches/sealants
were utilized in only 25% of these cases. In contrast, O’Neill
et al found 32% of patients required additional treatment of CSF
leakage following the index surgery, with 16% undergoing a
reoperation and 13% requiring hospital readmission—despite
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97% using suture repair and/or patches/sealants. It was postu-
lated that explanations for the apparent improved outcomes by
Hannallah et al were more common use of a lumbar drain (20%
vs 8%) and use of bedrest on all patients at least for one night.
However, in our study, we found no association between the
successful primary treatment of dural tears and the use of bedr-
est, lumbar drains, or the specific type of repair utilized. As a
result, we are unable to recommend an optimal treatment strat-
egy following the occurrence of a cervical dural tear.

There were several limitations to our study. First, the retro-
spective nature of this study may affect overall accuracy.
Second, patient-reported outcome scores were available only
in a limited number of patients, which limits the power of our
study to detect true differences in outcome. However, though
not ideal, this is the first available patient-reported outcomes
data on patients with cervical dural tears. Finally, the use of a
historical control from a different study setting likely dimin-
ished the accuracy of our risk factor analysis for the occurrence
of dural tears, and precluded us from analyzing certain risk
factors that previous studies have identified as significant—
such as presence of OPLL and/or performing revision posterior
laminectomy.

This study is the largest reported series investigating
cervical dural tears. In most cases no subsequent interven-
tions to control CSF drainage were required, while 12%
required subsequent treatments. In a majority of cases
(93%), there was no clinical sequelae directly attributable
to the occurrence of a dural tear. Our analysis of treatment
methods utilized following dural tears did not find an
optimum treatment strategy.
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