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Abstract
Study Design: Systematic review and meta-analysis.

Objectives: Indications for surgical decompression of gunshot wounds to the lumbosacral spine are controversial and based on
limited data.

Methods: A systematic review of literature was conducted to identify studies that directly compare neurologic outcomes
following operative and non-operative management of gunshot wounds to the lumbosacral spine. Studies were evaluated for
degree of neurologic improvement, complications, and antibiotic usage. An odds ratio and 95% confidence interval were cal-
culated for dichotomous outcomes which were then pooled by random-effects model meta-analysis.

Results: Five studies were included that met inclusion criteria. The total rate of neurologic improvement was 72.3% following
surgical intervention and 61.7% following non-operative intervention. A random-effects model meta-analysis was carried out which
failed to show a statistically significant difference in the rate of neurologic improvement between surgical and non-operative
intervention (OR 1.07; 95% CI 0.45, 2.53; P = 0.88). In civilian only studies, a random-effects model meta-analysis failed to show
a statistically significant difference in the rate of neurologic improvement between surgical and non-operative intervention (OR 0.75;
95% CI 0.21, 2.72; P = 0.66). Meta-analysis further failed to show a statistically significant difference in the rate of neurologic
improvement between patients with either complete (OR 4.13;95% C10.55, 30.80; P =0.17) or incomplete (OR 0.38; 95% CI 0.10,
1.52; P = 0.17) neurologic injuries who underwent surgical and non-operative intervention. There were no significant differences in
the number of infections and other complications between patients who underwent surgical and non-operative intervention.

Conclusions: There were no statistically significant differences in the rate of neurologic improvement between those who
underwent surgical or non-operative intervention. Further research is necessary to determine if surgical intervention for gunshot
wounds to the lumbosacral spine, including in the case of retained bullet within the spinal canal, is efficacious.
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military conflicts and result in significant neurologic and soft
tissue damage from penetrating and/or cavitary injury.*
The lumbosacral spine anatomy includes the termination of the

Introduction

Gunshot wounds to the spine (Figure 1) account for a rising
percentage of spinal injuries each year."* Gun violence has
overall seen a paradoxical increase during the Coronavirus
Disease 2019 (COVID-19) Pandemic with increasing cases in

major United States cities New York, Chicago, and Los
Angeles.® Low velocity firearms are used more frequently in
civilian spinal gunshot wounds.* These firearms produce spinal
injury by direct mass effect on the spinal cord or by invasion of
bullet or osseous fragments into the spinal canal.*> High velo-
city firearm injuries to the spine are seen more commonly in
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Figure |. Computed tomography (CT) scan of the lumbar spine in
sagittal (left) and axial (right) sequences of a patient following a gun-
shot wound to the lumbar spine. A bullet and multiple osseous frag-
ments are retained within the spinal canal at the L2 vertebral level.

spinal cord in the conus medullaris and presence of the cauda
equina; the conus medullaris terminates most commonly at the
L1 or L2 vertebral level, however, its anatomic location can
vary.®’ Bullet injuries to the lumbosacral spine can injure the
conus medullaris, cauda equina, bone, and exiting nerve roots,
causing a variety of neurologic injury patterns.

Indications for surgical decompression of gunshot wounds
to the lumbosacral spine are not well defined, controversial,
and frequently based on limited data, however, surgical inter-
vention has been classically used in cases of spinal instability,
progressive neurologic deficits, cases of cerebrospinal fluid
leaks, and for patients with incomplete neurologic deficits who
have retained bullet or osseous fragments within the spinal
canal."**%13 The primary purpose of this study is to compare,
through systematic review and meta-analysis, the rate of neu-
rologic improvement following surgical and non-operative
intervention for gunshot wounds to the lumbosacral spine. The
secondary purpose of this analysis is to compare complication
rates, antibiotic usage, and infection in these populations.

Methods

Protocol

This study includes a systematic review of literature conducted
based on the Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) statement. '

Eligibility Criteria, Information Sources, Search

Online databases PubMed, the Cochrane Library, and Scopus,
were used to identify clinical studies comparing neurologic

outcomes following surgical and non-operative management
of gunshot wounds to the lumbosacral spine. Specific MeSH
terms and key words including “gunshot wound,” “lumbar
spine,” “lumbosacral spine,” and “cauda equina” were used
in various combinations to identify studies of interest. Addi-
tional manual searches through cited references were
performed.

Study Selection

Direct comparative studies including randomized controlled
trials, prospective/retrospective cohort and case-control studies
were included in further analysis. Non-English publications,
editorials, conference abstracts, errata, book chapters, systema-
tic reviews, meta-analyses, case reports, and case series were
excluded. Only studies directly comparing neurologic out-
comes following operative and non-operative management of
gunshot wounds to the lumbosacral spine were included in
analysis. Studies that did not include both a surgical and non-
operative group were excluded. Studies that did not specifically
include the neurologic improvement following lumbosacral
gunshot wounds were excluded. Both military and civilian
studies including both high and low velocity projectiles were
included in further analysis.

Data Collection Process, Data ltems

Studies were evaluated for the method of classification of neu-
rologic improvement (Frankel grading, complete versus incom-
plete, etc.) and for the rate of neurologic improvement in
patients following gunshot wounds to the lumbar spine. Studies
were further analyzed for complications including infection,
hemorrhage, neurologic decline, pseudomeningocele, cere-
brospinal fluid leak, and antibiotic usage. Studies were sub-
analyzed for the degree of neurologic improvement that
occurred after surgical and non-operative intervention in
patients following complete and incomplete neurologic injuries
and for the degree of neurologic improvement that occurred in
civilian only injuries.

Summary Measures, Synthesis of Results, Risk of Bias,
Additional Analyses

For the purpose of meta-analysis, an odds ratio and 95% con-
fidence interval were calculated for dichotomous outcomes
which were then pooled by random-effects model meta-
analysis. All statistical tests were performed using RevMan
5.3 (Copenhagen: The Nordic Cochrane Center, The Cochrane
Collaboration, 2014). An I test was performed for each com-
parison to test statistical heterogeneity with I? values exceeding
25%, 50%, and 75% indicating a low, moderate, and high
degree of heterogeneity, respectively. For all meta-analyses,
outcomes were pooled with weights calculated by the
inverse-variance method. A P-value < 0.05 was used to assess
statistical significance. Each study included in meta-analysis
was further assessed for risk of bias. Specifically, studies were
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Figure 2. A flow chart of study inclusion and exclusion.

evaluated for selection bias, performance bias, detection bias,
attrition bias, and reporting bias. Each study was assigned a
corresponding level of evidence according to the scale adopted
by the North American Spine Society, January 2005."3

Results

In total, 240 abstracts were reviewed, of which 187 were
excluded. Fifty-three full text articles were assessed, of which
48 were excluded. Studies were excluded for failing to include
both a surgical and non-operative group.>'®** Studies were
further excluded if they did not include patients with injuries
to the lumbosacral spine or if it was not possible to calculate the
number of lumbosacral spine patients who showed neurologic
improvement in each group.®'%!3:243% Simpson et al was
excluded from the study as it included the same population
of patients included in Robertson and Simpson.*>*® Overall
5 studies were included in quantitative synthesis that directly
compared neurologic improvement following surgical and non-
operative management of patients who presented after gunshot
wounds to the lumbosacral spine.***° A flow chart of study
inclusion and exclusion is shown in Figure 2.

All studies included in meta-analysis were retrospective
cohort series and were assessed to comprise level III evidence
with a high risk of bias (Figure 3). Of the 5 studies included in
analysis, 2 studies concerned injuries during military conflict
(Table 1). Aarabi et al included patients who sustained injuries
during the Iran-Iraq War from 1980 to 1988 whereas Kahraman
et al included patients who sustained injuries in military con-
flict in Turkey between 1994 and 2000. Both studies included
mixed projectiles and mixed velocities within the study
cohorts. Time from injury to admission to a medical center

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

=

% 25% 50% 5%

[l Hiah risk of bias

100%

.va fisk of hiag DUnclearrlskufbias

Figure 3. A graphic representation of risk of bias for each included
study.

qualified to care for spinal injuries is longer in military conflict
as compared to civilian injury. The mean time from injury to
admission was 84 hours in Aarabi et al and 28 hours in Kahra-
man et al.>®** The remainder of included studies included inju-
ries sustained in civilian conflict (Table 1). Isiklar and Lindsey
included patients with exclusively low velocity bullet injuries,
whereas Benzel et al included bullet wounds of mixed or non-
specified velocity.>”*° Robertson and Simpson included
33 patients with low velocity injuries to the cauda equina of
which 30 were from low velocity bullet injuries and 3 were stab
wounds.*® Three of the 5 included studies included injuries
exclusively to the “cauda equina.”*®® Isiklar and Lindsey
included patients with gunshot wounds to the “lumbar spine
(L1-L5)” and Kahraman et al included patients with gunshot
wounds to the “lumbosacral spine.”***°

All patients included in analysis presented with a neurologic
deficit on admission. The method of assessment of neurologic
status ranged across included studies (Table 2). Three of the
5 included studies assessed neurologic status on admission
using Frankel grading and defined neurologic improvement
as an improvement in 1 grade.13’38'40 Benzel et al did not spe-
cify using a specific grading system, however, defined
improvement as an improvement in myelopathic or radicular
function.’” Robertson and Simpson defined deficits as com-
plete if there was a total loss of function below the level of
injury and incomplete if any function remained below the level
of injury. Robertson and Simpson further defined improvement
as the recovery of any motor strength or the regaining of at least
a unilateral sensory level.*® Across all 5 studies, only 3 patients
were noted to neurologically worsen during the follow-up
period. All 3 patients were treated surgically.>**° The remain-
der of patients either showed neurologic improvement or
remained at their admission baseline.

Reasons for surgical intervention across studies included
neurologic decompression, debridement, removal of foreign
body, and dural repair. Only 2 studies specified the total
follow-up time which ranged from a mean of 22 weeks to
32 months.***® Of the 5 studies included in meta-analysis the
rate of neurologic improvement ranged from 50% to 100% in
the surgical group and 36% to 100% in the non-operative
group. The total rate of neurologic improvement was 72.3%
following surgical intervention and 61.7% following non-
operative intervention. A random-effects model meta-analysis
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Table I. Characteristics of Studies Included in Quantitative Synthesis.

Study Year Military/civilian Projectile type Velocity Description of injury location
Benzel et al 1987 Civilian Bullet Mixed Cauda Equina

Robertson and Simpson 1992 Civilian Mixed Low Cauda Equina

Aarabi et al 1996 Military Mixed Mixed Cauda Equina

Isiklar and Lindsey 1997 Civilian Bullet Low Lumbar Spine

Kahraman et al 2004 Military Mixed Mixed Lumbosacral

Table 2. Neurologic Outcomes Following Surgical and Non-Operative Management of Patients With Lumbosacral Gunshot Wounds.

Number of
Number of  patients who Number of
Method of patients who remained at  patients who
classification of neurologically neurologic neurologically Mean
Study Year neurologic status Intervention (# of patients) improved baseline deteriorated follow-up
Benzel et al 1987 NR Surgical (5) Non-operative (1) 51 00 00 NR
Robertson 1992 Complete/Incomplete Surgical (18) Non-operative (15) 10 10 75 10 22 weeks
and Simpson
Aarabi et al 1996 Frankel Grading Surgical (26) Non-operative (12) 218 54 00 NR
Isiklar and 1997 Frankel Grading Surgical (2) Non-operative (I1) 1 4 17 00 NR
Lindsey
Kahraman et al 2004 Frankel Grading Surgical (32) Non-operative (8) 236 72 20 32 months
Abbreviations: NR (Not reported).
Surgery Non-operatve Oods Ratio Oads Ratio Surgery Non.operative Odds Ratio Odds Ratio
Study or Subgroup _ Events Total Events  Total Weight IV, Random. 95% C1_Year IV, Random, 95% CI Study or Subgroup  Events Total Events Total Weight IV, Random, 95%Cl Year v, Random, 95% CI
Bengel 1987 5 [] 1 1 Mot estimable 1087 Benzel 1987 5 5 1 1 Mot estimable 1087
FRobertson 1992 10 18 10 15 370% 0.63(0.15, 2.59) 1992 rrrrrriirr—— Robertson 1992 10 18 10 15 B20% 063015259 1992 _.__
Aarabi 1996 n % L] 1 31.2% 210(0.45,8.86] 1986 NN ENL R Isikdar 1997 1 2 q 11 180%  1.75[0.08, 36.20) 1997 EEEREAERSERREY |
Isibdar 1987 1 2 4 11 81% 175008, 36.29] 1997 ERSEARERIRS |
Kahraman 2004 P n ] & 23T% 0.85(0.14,5.03) 2004 —_— Total (95% Ch) 25 2T 100.0% .75 (021, 2.72) f
Total events 16
Total (95% C1) 83 AT 100.0% 1.07 [0.45, 2.57) S Heterageneity. Tau®= 0.00; Chi*= 0.36, df= 1 (P = 0.55) = 0% doz 01 1 10 50
Total events 50 n Testfor overall effect 2= 0,43 (P = 0.56) FevorsMon-Gperaihe Fevors Gergesy -
Heterogeneity: Tau™= 0.00, ChP= 1.45,df= 3 (P = 0.89), "= 0% bo el 10 700
Testfor overall effect: 2= 0.15 (P = 0.88) Favors Non-Operafive. Favors Surgery

Figure 4. Forest plot comparing neurologic improvement after sur-
gical and non-operative intervention in patients with gunshot wounds
to the lumbosacral spine; IV (inverse variance), Cl (confidence inter-
val), df (degrees of freedom).

was carried out which failed to show a statistically significant
difference in the rate of neurologic improvement between sur-
gical and non-operative intervention (OR 1.07; 95% CI 0.45,
2.53; P = 0.88, I = 0) (Figure 4). The rate of neurologic
improvement in civilian only studies ranged from 50% to
100% in the surgical group and 36% to 100% in the non-
operative group. The total rate of neurologic improvement was
64% following surgical intervention and 56% following non-
operative intervention. A random-effects model meta-analysis
was carried out which failed to show a statistically significant
difference in the rate of neurologic improvement in civilian
only studies between surgical and non-operative intervention
(OR 0.75; 95% CI 0.21, 2.72; P = 0.66, I = 0%) (Figure 5).

Only 2 studies were included that calculated the rate of
neurologic improvement after surgical and non-operative inter-
vention in patients with complete and incomplete neurologic
injuries.?*® The rate of improvement in patients with complete
neurologic injury ranged from 57.1% to 100% in the surgical
group compared to 0% to 33.3% in the non-operative group.

Figure 5. Forest plot comparing neurologic improvement after sur-
gical and non-operative intervention in civilian patients with gunshot
wounds to the lumbosacral spine; IV (inverse variance), Cl (confidence
interval), df (degrees of freedom).

Surgery  Nom-operative Odds Ratio Odds Ratio

Study or Subgroup  Evenis Total Evenis Total Weight IV, Random, 85% C1_ Year I, Random, 95% CI

Robertson 1992 s a i 1 21.2% 21.00[0.27, 1648.18) 1992 —

Aarabi 1998 « 7 2 6 7E.8%  267[0.38,2584) 1006 —

Total (95% C1) 10 7 1000% 413055 30.80] ———

Total events i 2

Heterogeneily: Tau™ = 0.00; Ch™= 0.68, df=1 (P =041}, I*= 0% bom ] 1000

Testfor overall effect 2= 1.38 (P = 0.47T)

Favors Non-operative Fa

Figure 6. Forest plot comparing neurologic improvement after sur-
gical and non-operative intervention in patients with complete neu-
rologic injuries who sustained gunshot wounds to the lumbosacral
spine; IV (inverse variance), Cl (confidence interval), df (degrees of
freedom).

A random-effects model meta-analysis was carried out which
failed to show a statistically significant difference in the rate of
neurologic improvement between patients with complete neu-
rologic injuries undergoing surgical and non-operative inter-
vention (OR 4.13; 95% CI 0.55, 30.80; P = 0.17, I* = 0)
(Figure 6). The rate of improvement in patients with incom-
plete neurologic injury ranged from 46.7% to 89.5% in the
surgical group and71.4% to 100% in the non-operative group.
A random-effects model meta-analysis was carried out which
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Figure 7. Forest plot comparing neurologic improvement after surgical
and non-operative intervention in patients with incomplete neurologic
injuries who sustained gunshot wounds to the lumbosacral spine; IV
(inverse variance), Cl (confidence interval), df (degrees of freedom).

failed to show a statistically significant difference in the rate of
neurologic improvement between patients with incomplete
neurologic injuries undergoing surgical and non-operative
intervention (OR 0.38; 95% CI 0.10, 1.52; P = 0.17, I> = 0)
(Figure 7).

All included studies except for Isiklar and Lindsey included
antibiotic prophylaxis for all patients. Benzel et al and Aarabi
et al specified antibiotic regimens of Nafcillin/Chlorampheni-
col and Penicillin/Chloramphenicol/Gentamicin, respec-
tively.>’*® Robertson and Simpson reported that all patients
received prophylactic antibiotics, however, did not report the
type. They reported that there was at least one postoperative
infection in the surgical group and none in the non-operative
group.>® Isiklar and Lindsey reported that 9 of 13 patients with
injuries to the lumbar spine received prophylactic antibiotics of
varying type. There was one patient who had received prophy-
lactic antibiotics who developed a paraspinal infection.
The patient had an associated colonic injury however whether
or not the patient had undergone surgical intervention was not
specified.*”

In terms of complications, only one study specified the
number of complications that occurred in both the surgical and
non-operative group of patients that presented with injuries to
the lumbosacral spine. Robertson and Simpson reported that
28% of patients in the surgical group suffered a complication
(cerebrospinal fluid leak, pseudomeningocele, wound infec-
tion) compared to 0% in the non-operative group.36 Only
3 patients in the included studies were shown to neurologically

decline. All 3 patients were part of the surgical intervention

4
group.>®*°

Discussion

The study of ballistic injury to the spine is inherently challen-
ging. There is substantial heterogeneity in injury type and
insufficient sample size to reach meaningful conclusion. There
is significant heterogeneity in treatment philosophy and no
consensus on indication for surgical intervention. Gunshot
wounds to the lumbosacral spine represent a distinct pathology
from gunshot wounds to the cervical or thoracic spine. This is
not only related to the unique anatomy of the lumbosacral spine
which includes the conus medullaris and cauda equina, how-
ever, is also related to the abdominal viscera which are in
proximity and represent a possible risk factor for infectious
complications.

This study includes a systematic review and meta-analysis
of studies that directly compare neurologic outcomes following
surgical and non-operative intervention for gunshot wounds to
the lumbosacral spine. Overall, 5 studies were included in
analysis.*** There was significant heterogeneity within the
included studies, as studies included a mix of injury type (civil-
ian, military), projectile type (bullet, knife, shrapnel), and pro-
jectile velocity (Table 1). All studies included primarily
gunshot wounds isolated to the lumbosacral spine with 3 stud-
ies further isolating analysis to injuries to the cauda equina. The
total rate of neurologic improvement was 72.3% following
surgical intervention and 61.7% following non-operative inter-
vention. Although the rate of neurologic improvement favored
surgical intervention, the relationship was not observed to be
statistically significantly different in meta-analysis (Figure 4).
The rate of neurologic improvement in patients with complete
(Figure 6) and incomplete neurologic injury (Figure 7) favored
surgical and non-operative intervention respectively, however,
was not observed to be statistically significant in either case.

When only civilian injuries were analyzed the rate of neu-
rologic improvement favored non-operative intervention over
surgical intervention, however, it was not statistically signifi-
cant (Figure 5). Civilian injuries may favor non-operative inter-
vention as compared to military injuries which may favor
surgical intervention. This may be related to differences in
projectile type and velocity that are encountered in the different
populations.’ High velocity injuries from military weapons are
known to cause a higher degree of damage to non-nervous
tissue including bone, disc, and muscle.*’ Surgical intervention
may aid to a greater extent in these injuries by treating or
preventing secondary injuries not caused by the projectile
itself, such as compression related to osseous fragments or
epidural hemorrhage. Unfortunately, this conclusion is limited
by the rarity of comparative studies in civilian and military
literature.

Although few studies have examined the differences in out-
comes that occur after surgical and non-operative intervention
for patients with gunshot wounds to the lumbosacral spine,
several reviews have recommended for surgical intervention
especially in the case of progressive neurologic decline or in
the case of a retained bullet within the spinal canal *%'!-!?
These recommendations are based on limited data as few pre-
vious studies have examined surgical intervention for patients
with gunshot wounds to the lumbosacral spine as compared to
non-operative management. Cybulski et al recommended sur-
gical exploration/debridement for any patient who sustained a
gunshot wound to the lumbar spine.” The analysis in the study
was limited as patients with gunshot wounds to the lumbar
spine who underwent surgical intervention were compared only
with patients who underwent surgical intervention after gun-
shot wounds to the cervical or thoracic spine. There was no
comparison to a non-operative group. Conversely, Kihtir et al
recommended against surgical exploration/debridement of
gunshot wounds to the thoracolumbar spine in patients with
complete or non-progressive injuries, however, did not include
a surgical comparison group in analysis.>' Waters and Adkins,
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which is frequently cited as evidence in recommending for
surgical intervention, analyzed 20 patients who sustained civil-
ian gunshot wounds from T12 to L4 and had a bullet or major
fragment retained in the spinal canal, and found that patients
who had the fragment removed to have a statistically signifi-
cant improvement in the American Spinal Injury Association
(ASTA) motor score at follow-up compared to non-operative
patients.® The study was unable to be included in this meta-
analysis as the number of patients with neurologic improve-
ment was not described.

All included studies except for one included antibiotic pro-
phylaxis for all patients with most studies using broad spectrum
antibiotics, however, there was insufficient data to make a
meaningful conclusion regarding the efficacy of antibiotic pro-
phylaxis and the effect of surgery vs non-operative manage-
ment on the risk of infection. Several previous studies and
reviews have recommended broad spectrum antibiotics for
patients who sustain gunshot wounds to the spine for at least
48 hours with consideration of longer durations with bowel,
specifically colonic, injury.>®'241:42

Only one included study specified the number of complica-
tions that occurred in both the surgical and non-operative
group, therefore again there was insufficient data to make a
meaningful conclusion regarding the risks of complications
following surgical and non-operative management of gunshot
wounds to the lumbosacral spine. Bumpass et al found, in a
study of patients who presented with gunshot wounds to the
spine (including cervical and thoracic), that patients who
underwent operative management had a significantly increased
risk of suffering a complication compared to patients treated
non-operatively. Of 3 patients in the study who underwent
surgical intervention after gunshot wounds to the lumbar spine,
2 had at least one postoperative complication including a revi-
sion for misplaced hardware.

Limitations

There are several limitations to this study. Following systema-
tic review only 5 studies were included that met inclusion/
exclusion criteria. Although all studies were directly compara-
tive in nature, outcomes of interest were not included in each
study which greatly limited the ability to perform meta-
analyses. There was significant heterogeneity between the
studies in terms of injury/projectile type, projectile velocity,
and method of neurologic assessment. The included studies
were further limited by short overall follow-up or unclear
follow-up periods. All studies that were included in analysis
were graded as class III in terms of level of evidence and
further characterized as having a high risk of bias.

Conclusions

Despite significant limitations, this study represents the only
systematic review and meta-analysis of studies that directly
compared neurologic outcomes following surgical and non-
operative intervention for gunshot wounds to the lumbosacral

spine. We did not observe any statistically significant differ-
ences in the rate of neurologic improvement between those
who underwent surgical or non-operative intervention. These
limited results contradict several previously written
reviews.**!'""13 Further research, including large comparative
studies with sufficient power, is necessary to determine if sur-
gical intervention for gunshot wounds to the lumbosacral spine,
including in the case of retained bullet within the spinal canal,
is efficacious.
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