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Abstract

Purpose A dural tear is a common iatrogenic complication of spinal surgery associated with a several post-operative adverse
events. Despite their common occurrence, guidelines on how best to repair the defect remain unclear. This study uses five
post-operative outcomes to the compare repair methods used to treat 106 dural tears to determine which method is clinically
favourable.

Methods Data were retrospectively collected from Southampton General Hospital’s online databases. 106 tears were identi-
fied and grouped per repair method. MANOVA was used to compare the following five outcomes: Length of stay, numbers
of further admissions or revision surgeries, length of additional admissions, post-operative infection rate and dural tear
associated neurological symptoms. Sub-analysis was conducted on patient demographics, primary vs non-primary closure
and type of patch. Minimal clinically important difference (MCID) was calculated via the Delphi procedure.

Results Age had a significant impact on patient outcomes and BMI displayed positive correlation with three-fifth of the pre-
defined outcome measures. No significant difference was observed between repair groups; however, primary closure + a patch
achieved an MCID percentage improvement with regards to length of original stay, rate of additional admissions/surgeries
and post-operative infection rate. Artificial over autologous patches resulted in shorter hospital stays, fewer readmissions,
infections and neurological symptoms.

Conclusion This study reports primary closure + dural patch as the most efficient repair method with regards to the five
reported outcomes. This study provides limited evidence in favour of artificial over autologous patches and recommends
that dural patches be used in conjunction with primary closure.

Level of evidence | Diagnostic: individual cross-sectional studies with consistently applied reference standard and blinding.

Keywords Dural tear - Incidental durotomy - Primary closure - Dural patch

Introduction nausea [1, 4, 5]. More serious consequences of poorly man-

aged tears include meningitis, arachnoiditis and the devel-

A dural tear, also known as an incidental durotomy, refers to
when the outer most layer of the meninges, the dura mater, is
torn [1]. Dural tears most commonly occur as a complication
of spinal surgery and patients who sustain a dural tear often
recover well and do not commonly require further interven-
tion following repair of the defect [2, 3]. However, patients
may complain of low-pressure headaches, photophobia and
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opment of pseudomeningoceles [1, 4, 5]. Therefore, further
research to better define the management of dural tears may
have beneficial clinical outcomes.

Despite the common occurrence of this complication,
there are currently no definitive guidelines on how to best
to manage an intraoperative tear [4]. Consequently, patient
outcomes vary on a case by case basis [4]. This may be in
part due to the inconsistent and varied methods of repair
that surgeons use along with the absence of high quality
comparative data [4, 6].

This retrospective study identifies 106 patients who sus-
tained an intraoperative dural tear in Southampton Univer-
sity General Hospital, in either the Orthopaedic or Neurosur-
gery departments between 01/01/2016 and 04/11/2019. This

@ Springer


http://orcid.org/0000-0002-1386-5244
http://crossmark.crossref.org/dialog/?doi=10.1007/s00586-021-07081-y&domain=pdf

576

European Spine Journal (2022) 31:575-595

study consequentially compares the method of dural repair
against five primary outcome measures; length of hospital
stay, length of additional admissions, numbers of further
admissions or revision surgeries, post-operative infection
rate and dural tear associated neurological symptoms. Sub-
analysis was conducted regarding patient age and body mass
index (BMI) as well as against primary vs non-primary clo-
sure and artificial vs autologous patches.

Methods

H, With respect to the studies five predetermined outcome
measures, primary closure is the most advantageous form of
repair for intraoperative dural tears.

H, With respect to the studies five predetermined outcome
measures, primary closure is not the most advantageous
method of dural tear repair.

Data were collected from Southampton General Hospital’s
online ‘surgery complications’ ‘Charts’ and ‘E-documents’
databases. All patients with the terms ‘Dural Tear’, ‘CSF
Leak’, ‘durotomy’ or ‘pseudomeningocele’ in their records
were identified and later included in the study if it could
be confirmed that they sustained an intraoperative dural
tear from the Orthopaedics or Neurosurgery department
between the 46-month period (Fig. 1). To ensure all relevant
patients were included, the term ‘dural tear’ was entered

into the main patient database search-bar and patients were
cross-searched.

The following patient information was recorded; age at
the time of surgery, BMI, title of procedure in which the
tear was sustained, length of original stay, character of dural
complication, method of repair, post-operative neurological
symptoms, infection rate, readmission date(s), readmission
procedure(s), duration of readmission(s) (Table 1). Patients
were grouped per the method of repair used so that no
patient appeared in more than one group (Table 2).

Statistical analysis

All statistical analysis was conducted on SPSS (IBM Corp.
Released 2019. IBM SPSS Statistics for Windows, Version
26.0.). Minimal clinically important difference (MCID) was
calculated for the primary repair analysis and for the artifi-
cial vs autologous patch analysis. MCID was calculated via
the Delphi method amongst resident neurosurgeons to enable
a formal consensus to be developed.

Delphi procedure

Four resident neurosurgeons were provided with a two-
round Delphi survey. In the first round, surgeons were
provided with information regarding the study and inde-
pendently suggested MCID values for each outcome.
In the second round, surgeons were provided with the
group ranges and medians and their own answers so they
may adapt their decisions. 100% consensus was achieved
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Table? Repair method Group number percentage Number of patients Percentage

grouping (n) of patients

(%)

Primary closure alone 1 0.94
Primary closure and artificial patch 4 3.77
Primary closure and autologous patch 3 2.83
Primary closure and sealant 7 6.60
Primary closure and drain 1 0.94
Primary closure, sealant and drain 11 104
Primary closure, sealant and artificial patch 10 9.43
Primary closure, sealant, artificial patch and drain 10 943
Primary closure, sealant and autologous patch 6 5.66
Primary closure, sealant and autologous patch and drain 2 1.89
Primary closure, sealant, artificial patch and autologous patch 2 1.89
Primary closure, artificial patch and drain 2 1.89
Autologous patch and sealant 1 0.94
Autologous patch and drain 1 0.94
Sealant alone 9 8.49
Sealant and drain 3 2.83
Sealant and artificial patch 9 8.49
Sealant, artificial patch and drain 8 7.55
Sealant and autologous patch 1 0.94
Sealant, autologous patch and drain 2 1.89
Sealant, artificial patch and autologous patch 2 1.89
Artificial patch alone 2 1.89
Drain alone 4 3.77
Unknown 5 4.72
Total 106 100

following round two. Final answers were averaged to give
an MCID for each outcome:

1. Length of hospital stay: <3 days.

2. Rate of readmissions or revision surgeries: < 2 read-
missions or revision surgeries.

3. Length of additional admission(s): <7 days.

4. Infection rate: No infection present.

5. Neurological symptoms: < 3-point score.

Benefit rate (patients surpassing MCID/total patients)
was calculated for each MCID outcome and reported as a
percentage improvement (benefit rate of intervention—
benefit rate of the control) (Table 3).

Incidence rate

Descriptive statistics were used to identify the surgery
and spinal level with the greatest incidence of tears.

@ Springer

Patient demographics

Two MANOVAs were conducted against BMI and age
for the five outcomes. Patients were grouped into the
following age categories: 1-10, 11-20, 21-30, 31-40,
41-50, 51-60, 61-70, 71-80 and 81-90. Patients were
grouped into the following BMI categories: Underweight
(16.00-18.49), healthy weight (18.50-24.99), overweight
(25.00-29.99), moderately obese (30.00-34.99), severely
obese (35.00-39.99), very seriously obese (40.00-44.99)
and morbidly obese (45.00-49.99).

Type of repair method

Patients were grouped as per their repair method as shown
in Table 2. Repair groups were compared via MANOVA
of the five outcome measures. Neurological symptoms are
scored as per Table 4.
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Table 3 MCID percentage improvement analysis for artificial vs autologous patches in conjunction with primary closure

Category length of original

stay

Infection

Readmissions Length of addi-

tional stays

Symptoms

Group 1: Artificial patch

Patient

Patient

Patient

Patient

Number passed MCID

Number not passed MCID

Benefit rate (number passed/total number)

(e LY I Y |

100%
Group 2: Autologous patch

Patient

Patient

Patient

Number passed MCID

Number not passed MCID

Benefit rate (number passed/total number)

—_— N W WL W

67%

Percentage improvement 33

S 0 O O O O
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Table 4 Scoring for neurological symptoms

Symptoms scoring 1 Symptoms scoring 2

Headache Fistula formation
Nausea Pseudomeningocele
Vomiting Meningitis
Stiffness or tightness across the neck or back Abscesses

Mild sensory disturbances Arachnoiditis

Temporary loss of power Severe shooting pain

Radicular pain Sciatica

Dizziness Bladder, bowel or
sexual problems

Diplopia

Tinnitus

Fluid leak/collection
Vertigo

Primary £ patch vs non-primary * patch

A MANOVA and series of independent samples t-tests were
use against the five outcome measures between patients
that received primary closure +a patch vs non-primary
closure + a patch. MCID percentage improvement was
calculated.

Artificial vs Autologous patches

Artificial patches and autologous patches in conjunction
with primary closure were compared against each outcome

via independent t-tests. MCID percentage improvement
was calculated.

Results

A total of 106 patients sustained an intraoperative tear
across the 46 months. Of the included patients, 51 (47.7%)
belonged to the neurosurgery department and 55 (51.4%)
belonged to Orthopaedics department.

Incidence rate

1,824 spinal operations were identified in the date range,
giving an incidence rate of 5.81%. Of the 106 tears,
43.40% (46) were caused during L4/L5 operations and
72.64% (77) were caused during L3-S1 operations. 44%
(47) of tears were elective surgeries, and 56% (59) were
emergency surgeries.

Age

The average age was 55.3 (SD=18.10, Min: 1, Max: 89).
MANOVA analysis indicated that age has a statistically
significant impact on the post-operative outcomes (F (40,
360.224) =5.287, p<0.000; Wilk’s A =0.134, partial
7*=0.331). Infection was most common in the 41-50 and
61-70 age group.
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BMI

The average BMI was 30.54 (SD =6.00, Min: 18.34, Max:
45.70). 60.71% of patients were overweight or moderately
obese, and only 13.10% were of a healthy weight. BMI did
not have a significant impact on post-operative outcomes,
(F (25, 276.400)=0.685, p=0.870; Wilk’s A =0.800, partial
7’ =0.44).

Readmissions and rate of revision surgeries were great-
est in the moderately obese (M =0.41, SD=0.747) and
severely obese (M =0.64, SD =1.082) categories. Infections
were only present in the overweight (M =0.12, SD=0.332),
moderately obese (M =0.15, SD=0.362) and severely obese
(M=0.14, SD=0.363) and neurological symptom severity
generally increased with BMI.

Type of repair method

Primary closure, sealant and a lumbar drain was the most
common repair technique 10.4% (n=11). Primary closure
was used in 55.7% of cases (n=59). However, combinations
of sealants, patch’s, lumbar and subfascial drains without
any form of primary closure were also commonly opted for
(32.1% (n=34)). Figure 2 illustrates the frequency of use
of each method.

fer)

(o2}

IS

N

Following MANOVA, no significant difference in the
five outcomes was observed between all repair methods
(F (105, 342.101)=0.793, p=0.921; Wilk’s A =0.345, par-
tial 72=0.192).

Primary + a patch vs all other repair methods

When comparing primary closure + a patch (n="7) against
all other forms of repair (n=99), primary closure +a patch
scored better in 4/5 clinical outcomes:

1. Length of original stay was over 3.5 days shorter
(M=4.57,SD=1.40 vs M=8.58, SD=10.16, p>0.05).
4% MCID percentage improvement.

The rate of additional admissions/surgeries was almost
half (M=0.29, SD=0.49 vs M=0.41, SD=0.805
p>0.05). 27% MCID percentage improvement.
Length of additional stays was on average 1.35 days
less M =2.14, SD=3.671 vs M=3.45, SD=11.43
p>0.05). No MCID percentage improvement (—2%).
Infection rate post-operatively was O for the primary
repair + patch group M =0.00, SD=0.000) and 0.11
in all other treatment groups (M =0.12, SD=0.328,
p>0.05). 12% MCID percentage improvement.
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Fig.2 Bar graph displaying dural tear repair methods used and the frequency of each methods use
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5. Severity of neurological symptoms was slightly
greater in the primary repair + patch group (M =2.29,
SD=1.799 vs M=1.78, SD=1.59), this was reflected
by an MCID of — 14%.

Following a MANOVA of primary closure +a
patch, no significant difference was observed (F (5,
89)=0.559, p=0.731; Wilk’s A =0.97, partial 772=0.197).

Artificial vs autologous patches

When comparing artificial patches and autologous patches in
conjunction with primary closure, no significant difference
was seen in the length of original stay (M =3.67, SD=1.155
vs M=5.25, SD=1.258, p>0.05).

No patient in the artificial group required further admis-
sion or surgery, however, two patients in the autologous
group did (M =0.00, SD=0.000 vs M=0.67, SD=0.577,
p>0.05). This equated to a 67% MCID improvement. Due
to no patients in the artificial patch group requiring fur-
ther admission the artificial patch group had a 33% MCID
improvement in the length of further admission(s) (M =0.00,
SD=0.000 vs M=5.00, SD=4.359, p>0.05).

No difference in infection rate between the two groups
was observed as no patients in either groups sustained an
infection (M0.00, SD=0.00 and M =0.00, SD=0.00). How-
ever, the artificial group experienced less severe neurological
symptoms post-operatively (M2.00, SD=1.826 vs M =2.67,
SD =2.08), with an 8% MCID improvement.

Discussion

An incidental durotomy refers to the intraoperative tearing
of the outer most layer of the meninges [1]. The incidence
rate of dural tears shows considerable inter-study variation
dependent on the type of procedure, pathology and re-oper-
ative rate [7-11]. Owing to the increasing complexity of
spinal procedures the rate of dural tears is increasing and
they continue to be a common surgical complication [8].
Our incidence rate of 5.81% falls within the reported range
of 1-17% [12, 13] and supports the literature theme that such
tears most commonly occur at the lumbar spine with 72.64%
of the 106 tears occurring between L3-S1 [8].

Further to their common occurrence, dural tears are asso-
ciated with a range of side effects including fistula forma-
tion, meningitis and more commonly orthostatic low-pres-
sure headaches [10, 13, 14]. The most common side effects
reported in this study were low-pressure headaches, stiffness
across the back and CSF leak.

Despite these side effects, the long-term implications of
incidental durotomies is disputed [15, 16] as is the most suit-
able method for repair. Whilst, primary repair is generally

considered a suitable management strategy [10], some stud-
ies have concluded that it may not be essential for successful
management [13, 17] whilst others report the contrary [10].
Equally, there is little comparative data regarding patient
outcomes associated with combinations of repair methods
and the repair combinations commonly opted for.

In this study, patients were grouped per their specific
repair method and compared against the five clinical out-
comes. Further analysis using the same outcomes were
conducted on patient age, BMI and on the use of primary
closure and type of dural patches used. Minimal clinically
important difference was reported according to the Delphi
method [18, 19]

Our study demonstrated that when considering these
five outcomes, the age of a patient has a significant impact
post-operatively. Based on previously published research
and the patients included within this study, this finding was
suspected to be a result of generalised increased morbidity
due to prolonged hospital stay and poorer wound healing as
well as more complex initial operative indications within
the more elderly patients [20, 21]. Despite BMI not having
a significant impact, the rate of readmissions, revision sur-
geries and infection rate increased with BMI. Complications
associated with bariatric spinal patients are well documented
[22-24]; therefore, highlighting the significance that 60.71%
of the patients were either overweight or moderately obese.

Primary closure, sealant and a lumbar drain was the most
common repair method. However, despite primary closure
being considered the gold standard [6, 10], it was only used
in 55.7% of cases (n=59). The sample size and grouping
of patients resulted in each group containing a small num-
ber of patients which likely contributed to non-significant
MANOVA results. However, the use of primary closure
with or without a patch was shown to be superior in four
out of the five of the outcomes. These data show that pri-
mary closure + patch generates on average a shorter initial
stay in hospital (4% MCID improvement), a reduced rate of
readmission or need for additional surgeries (27% MCID
improvement), a shorter readmission period (No MCID
percentage improvement) and a lower infection rate (12%
MCID percentage improvement). ‘Future research may ben-
efit by comparing the outcomes in a homogenous patient
sample between those who received no drain, a subfascial
drain or a lumbar drain as part of their tear management.
Each type drain cannot be considered as equal and therefore
an inter-drain outcome comparisons should be made’.

In recent years, synthetic patches such as a collagen
matrix or gelatin sponge have received US Food and Drug
Administration approval for use in the repair of a dural
tears. This approval provided a growing alternative to the
more traditionally used autologous fat, muscle and fas-
cia based patches [25]. Previously opted for autologous
patches have reported success rates as low as 70% when
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performed within 24 h of a dural tear [26] and specula-
tive evidence suggests that artificial patches may be bet-
ter suited to adapt to all defects as they are more readily
available, can be cut to shape and may achieve watertight
closure in a possibly shorter operative time [25, 27].
Additionally, artificial grafts may display further benefits
through their chemotactic interaction with dural fibroblasts
[28]. However, there is little direct research between arti-
ficial and autologous patches and consequentially no con-
sensus on which material is best.

Within this study, when comparing artificial and autolo-
gous patches in conjunction with primary closure, artifi-
cial patches resulted in shorter hospital admission (33%
MCID percentage improvement), lower rates of readmis-
sion/need for revision surgeries (67% MCID percentage
improvement) and shorter length of additional stays (33%
MCID percentage improvement) as well as less severe
neurological symptoms post-operatively (8% MCID per-
centage improvement). This is contrary to the results of
Sabatino G, et al. [29] and Abla AA, et al. [30] who both
reported no difference when comparing autologous and
non-autologous grafts.

Conclusions

This study reports an incidental durotomy rate of 5.81% in a
total of 106 patients from Southampton General Hospital’s
Neurosurgical and Orthopaedics departments. In accord-
ance with the current literature, 72.64% were sustained at
the L3-S1 spinal level.

In this study, age was shown to have a significant impact
on post-operative outcomes and BMI displayed positive
correlation with the rate of readmissions, revision surger-
ies and post-operative infection. No significant difference
was observed between repair groups; however, primary clo-
sure + a patch scored better in 4/5 clinical outcomes when
compared to other forms of repair.

The use of primary closure, a sealant and a lumbar drain
was the most commonly opted for repair method and pri-
mary was used in only 55.7% of cases. Further analysis
showed that artificial patches in conjunction with primary
closure achieved lower rates of readmission/need for revi-
sion surgery and shorter length of additional hospital stays
as well as less severe neurological symptoms post-opera-
tively than autologous patches.

This study highlights the importance of age and BMI on
post-operative dural tear outcomes and supports the use of
primary closure +a patch. This study also provides limited
evidence in favour of artificial over autologous patches and
recommends that dural patches always be used in conjunc-
tion with primary closure.

@ Springer

Limitations

The limited data that could be obtained retrospectively
restricted analysis to only five outcomes and the small sam-
ple size and patient grouping resulted in several groups con-
taining a limited numbers of patients. The study analysis was
also dependent on the accuracy of operative notes. Primary
limitations of this study therefore include its retrospective
method of data acquisition, small sample size, consider-
able patient and operative heterogenicity and reliance on
the accuracy of operative procedural notes. It is important
to note that clinical heterogenicity arose from differing pre-
operative diagnoses, type of procedure, duration of follow
up and method of wound closure which due to insufficient
data are unreported in this study. However, despite these
causes of heterogenicity, the authors believe that the present
study adequately addresses its primary aim of comparing
all current methods of iatrogenic dural tear repair surgery
across a variety of clinical scenarios and operative indica-
tions. This study should therefore serve as a generalizable
and more widely applicable attempt to evaluate the most
effective dural tear repair method in a boarder operative
context. Future research should further define individual
patient populations to subsequently eliminate causes of clini-
cal heterogenicity. However, such studies must follow prior
nonexclusive research.

Finally, it cannot be certain as to whether the reported
neurological deficits in the study were the consequence of
the dural tear or the primary surgical procedure. Despite
these limitations, the authors believe that this study provides
an important overall and generalised evaluation of dural tear
repair methods and raises several questions on a clinically
and scientifically important topic of spinal surgery.
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