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Abstract: Penetrating trauma to the spine with resultant spinal and paraspinal infection represents a
potentially devastating injury for which there is little consensus regarding management. The duration,
route and type of antibiotics required to prevent infections such as epidural abscess, vertebral osteomyelitis,
and discitis is remain controversial. Several studies support standard prophylactic antimicrobial treatment
for 48 hours following penetrating spinal trauma while others demonstrate that extended therapy for
one week or greater is necessary to reduce risk of infection. However, there is no established protocol
or consensus for management. Our systematic review aims to determine the ideal duration of antibiotics
following penetrating spine trauma. Three databases (PubMed, SCOPUS, and Ovid) were queried using
the following keywords: penetrating spine trauma, spine infection, spine trauma antibiotics. Nine articles
were found to meet the inclusion criteria for this systematic review. The majority of studies included in final
analysis discussed penetrating spinal trauma in the form of gunshot wounds. 459 patients were included
in total across all studies and 21 patients developed spinal or paraspinal infection (4.58%). Five studies
demonstrated an infection rate below 5% with antibiotic therapy for 5 days or longer while 2 more recent
studies demonstrated a similar infection rate in their cohort with only 48 hours of antimicrobial prophylaxis.
Our systematic review finds a low rate of paraspinal and spinal infections following penetrating spine trauma.
As all studies included are retrospective in nature, no definitive recommendations can be made regarding
duration of therapy. Forty-eight hours of antimicrobial prophylaxis may be sufficient for most patients except
for those with trans-colonic injuries as these are associated with a greater contamination and risk for spinal
infection.
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Introduction motor vehicle accidents and falls (1). While previous studies

. . . have f n surgical ridemen mpression an
Penetrating trauma to the spine represents a devastating ave focused on surgical debridement, decompression and

injury that has achieved no consensus regarding stabilization of the spine as well as long-term antibiotics,
management. Gunshot injuries are the third most common no prospective randomized controlled trials exist regarding

cause of such traumatic injuries to the spinal cord, following the proper treatment protocol to prevent spinal and
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paraspinal infections ranging from spinal epidural abscess
to paravertebral osteomyelitis or disk space infection.
Furthermore, earlier retrospective reviews regarding
penetrating injuries to the spine based their management
on high-velocity military assault rifles. Most penetrating
spine injuries today are sustained from low-velocity civilian
handguns which necessitate unique surgical and medical
management, and the Center for Disease Control reports
that 100,000 Americans are wounded by guns each year (1-3).

Uniform consensus exists that broad-spectrum antibiotics
as well as tetanus prophylaxis should be administered as
soon as possible following traumatic penetrating injury
to the spine and spinal cord (2). However, the duration of
antibiotics for such injuries remains a topic of controversy
with no established protocol. Numerous authors have
highlighted in retrospective reviews that viscus perforation
and especially wounds that perforate the colon have a
greatly increased infection risk that necessitates longer term
antibiotic coverage. The goal of such antibiotic prophylaxis
is to prevent deep infection of the spine (3).

Given the increased incidence of gun violence in the
United States (3), establishing a protocol for duration of
antibiotic protocol for penetrating injuries of the spine
is imperative. Previous reports recommend 7-14 days
of prophylactic antibiotics following such injuries (2).
However, more recent retrospective studies have
demonstrated that standard antimicrobial prophylaxis of
48 hours or less may be sufficient for minimizing infection
risk in such patients without the role for extended antibiotic
coverage (3). Given that there is no universally accepted
practice regarding duration of antimicrobial coverage,
the aim of this systematic review is to evaluate the rates of
deep infection for patients with penetrating spine injuries.
We present the article in accordance with the PRISMA
reporting checklist (available at http://dx.doi.org/10.21037/
jss-20-451).

Methods
A search of three databases (PubMed, SCOPUS, and Ovid)

was conducted to find articles that were relevant to this
inquiry. The following keywords were used during literature
searches: “penetrating spine trauma”, “spine infection”,
and “spine trauma antibiotics.” Articles not in the English
language were excluded from the search. Furthermore,
articles that discussed spine-related infections such as
epidural abscess and meningitis from mechanisms other
than penetrating injury to the spine were excluded. Case
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reports and studies that did not report how long patients
were placed on antibiotics were excluded from final analysis
as they would not have data relevant to our inquiry.

All nine of the studies that met eligibility criteria were
retrospective reviews. Data was collected independently
from the reports by two authors and was confirmed by each
co-author. Literature searches and data collection to find
appropriate studies were performed by two independent
reviewers and followed the PRISMA guidelines as
demonstrated in Figure 1. No randomized controlled
trials or prospective studies were identified in a search
of the literature. These studies were queried for number
of patients, length of antimicrobial coverage, duration of
follow-up, and incidence of deep infection of the spine.
A difference in mean duration of antibiotics and number
of infections were the primary outcome measures for this
study. The mean duration of antibiotics was reported for
each study.

Potential bias is inherent to any literature review and is
also important to recognize in our systematic review. All
studies included in this review are retrospective in nature
and therefore have inherent flaws, such as sampling bias and
confounding. Furthermore, they also lack control groups for
comparison. Given the sampling bias of the retrospective
reviews included in our study, they may lack generalizability
to the general population as well.

Results

The initial literature searches of three databases returned
873 articles after all duplicates were removed. Searches
using the keywords mentioned earlier returned numerous
articles that discussed spine injuries that were not relevant
to the systematic review and were subsequently excluded
from analysis. Case reports were also excluded from final
analysis. No prospective studies were found through
an extensive literature search as well. Our final analysis
included 9 studies, all of which were retrospective reviews
from single institutions. The largest sample size belonged
to a study by Simpson ez 4/. in 1989 and included 160
patients, while the smallest sample size presented data from
20 patients (4,5).

The majority of studies included in final analysis
discussed penetrating spinal trauma in the form of gunshot
wounds (1-3). Only Simpson ez 4/. discussed 18 patients
who had stab wounds in their cohort of 160 patients (4).
Furthermore, all studies included in analysis highlighted
that patients in their sample sustained low-velocity gunshot
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Figure 1 Summary of search methodology per PRISMA guidelines.

injuries which often cause comparably less surrounding
soft-tissue trauma compared to high-velocity injuries (6).
Gunshot injuries from high-velocity military assault
rifles and similar weapons are associated with much more
significant soft tissue destruction as well as local tissue
contamination (1-3), and this may be reflected by a higher
incidence of infectious complications.

The minimum duration of antibiotics following
penetrating spinal injury of the studies included in analysis
was 24 hours (3). Pasulpuleti ez a/. described this as routine
antimicrobial prophylaxis while anything longer than 48
hours was classified as extended antibiotic prophylaxis (7).
Only Simpson ez /. did not identify a specific duration,
frequency, and dosage of antibiotics for their cohort of
patients. Rabinowitz ez 4/., Kihtir er /., Romanick ez al.
and Pasulpuleti er 4/. all described routine 48 hours of
antibiotics and an infection rate of less than 5% in their
patients (3,5,7,8). Furthermore, Lin et 4/. and Quigley
et al. recommended a minimum of 5 days of antimicrobial
prophylaxis given their findings while Kumar ez 4/. and
Roffi et al. demonstrated that patients had decreased

© Journal of Spine Surgery. All rights reserved.

infectious complications if they received at least 7 days
of antibiotic prophylaxis (1,6,9,10). All of the included
studies acknowledged that there are no guidelines for
recommended antibiotic prophylaxis following penetrating
spine injury. Treating surgeons either followed their
institution’s protocol or did not provide details on how they
decided what would be a reasonable duration of therapy
given the extent of injury and whether patients developed
additional infection unrelated to the spine (4-6).

When reporting incidence of infection in these studies,
an important distinction needs to be made from spinal
and paraspinal infections and those related to wound
complications, abdominal injury, and operative intervention
for hollow viscus trauma or gastrointestinal injury. The
included studies classified spinal and paraspinal infections
as those ranging from osteomyelitis, meningitis, disc space
infection, epidural abscess, or paravertebral abscess (1-5,8,9).
These do not include incidence of urinary tract infections,
intra-abdominal abscess, abdominal wound complications,
or peritonitis as many studies did not report how many
patients had such complications following penetrating spine

7 Spine Surg 2020;6(3):606-612 | http://dx.doi.org/10.21037/jss-20-451



Journal of Spine Surgery, Vol 6, No 3 September 2020

trauma. Furthermore, the included studies represented a
variety of patients who had both operative intervention for
intra-abdominal injuries requiring procedures such as a
diverting colostomy and extensive wound debridement. Our
systematic review focuses on the incidence of spinal and
paraspinal infections in the studies included in analysis.

Overall, studies reported a low incidence of infections
whether they used routine antimicrobial prophylaxis
(48 hours) or extended prophylaxis for 7-14 days. The
earliest study included by Roffi ez 4/. reported that 3
of their 42 patients developed infection needing long-
term antibiotics, and that 7 days of prophylaxis prevented
infection in most patients (9). In 1985, Romanick er 4/.
demonstrated that 7 of their 8 patients with trans-colonic
injuries developed infection, and this correlated with earlier
findings that injuries to the colon were associated with
much higher infection risk that may necessitate extending
antimicrobial coverage (5). However, antibiotics were only
continued for 48-96 hours in this cohort, not the minimum
of 5-7 days as recommended in later studies. Simpson et al.
included the largest sample size in their retrospective review
and found that only 4 patients out of 160 overall developed
meningitis while another 4 developed unrelated wound
complications. However, they did not report the duration of
antibiotics for their patient population.

Later studies differed in their recommendations
regarding duration of antimicrobial therapy. Kumar et a/.
demonstrated in their cohort of patients that none of the 13
patients who had gunshot injuries to the spine developed
spinal or paraspinal infections after a course of antibiotics
for 2 to 43 days (1). They recommended 7 days of broad-
spectrum coverage to minimize infection. However, more
recent studies published by Rabinowitz and Pasulpuleti
demonstrate a very low risk of spinal infection with routine
antimicrobial prophylaxis of only 24-48 hours (3,7). Both
studies also demonstrate extended follow-up of 9-18 months
as well. Previous studies have demonstrated that a mean
of 6 months of follow-up is necessary for determining
that a patient is free of infection ranging from meningitis,
osteomyelitis, or epidural abscess (1,4-6).

As highlighted earlier, all studies included in our
systematic review are retrospective in nature. As such, they
are subject to both potential confounding and sampling
bias. Our reported results should be viewed in the context
of these potential areas of bias. Furthermore, duration of
follow-up was not reported for most studies included in this
systematic review.
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Discussion

In penetrating injuries to the spine, bullets or other
projectiles typically must travel through clothing, skin,
and subcutaneous tissue before reaching the spine and
potentially through the abdominal viscus and hollow organs
if traversing the anterior viscera (1). Therefore, potential
for contamination remains elevated especially with such
high-energy injuries. Several studies have also demonstrated
that colonic perforation is associated with the highest
incidence of infection ranging from osteomyelitis, epidural
abscess, and disc space infection (2,3,8). And while earlier
recommendations demonstrated lowest infection risk with
7-14 days of broad-spectrum coverage of gram-positive,
gram-negative, and anaerobic organisms, these were often
based on higher-velocity injuries from military rifles that
often caused more significant soft tissue contamination
and were associated with higher potential for deep space
infection. Given the current push in medicine to combat
the increased prevalence of antibiotic resistant organisms
and the costs associated with treating such organisms, it
is imperative to clarify the lowest amount and duration of
antimicrobial coverage that would reduce infection from
penetrating injuries to the spine (7).

Adequate duration of antibiotics following such injuries
becomes even more critical when discussing the limited role
for surgical irrigation and debridement. Kihtir ez 4/., Lin
et al., and Roffi et 4l. all demonstrated favorable outcomes
regarding limiting spinal infection in patients who had
extended antibiotics and nonoperative management of
such injuries (6,8-11). However, any spinal instability or
neurologic injury usually portends poor prognosis without
operative intervention for surgical stabilization of the
spine. Surgical intervention to the spine is also not without
complications including CSF leakage, wound complications,
and meningitis as numerous studies included in our analysis
demonstrated (2,6).

Management of penetrating orthopaedic trauma to areas
other than the spine also warrants consideration for guiding
management in spine trauma as such injuries occur with
greater frequency and have more established protocols
for care (12). Current literature recommends superficial
debridement with antibiotic administration for extremity
trauma following low-velocity gunshot injuries that do not
present with vascular compromise, gross contamination, or
massive soft tissue injury (13). Furthermore, low-velocity
ballistic injuries may also be managed solely with antibiotic
administration, while high-velocity ballistic injuries as well
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as those involving bowel injuries may necessitate surgical
debridement in addition to antibiotics (12). A systematic
review on gunshot-induced fractures of the extremities
by Sathiyakumar et /. also found equivalent efficacy in
patients treated with oral ciprofloxacin and intravenous
(IV) cephalosporin plus gentamicin, with an infection rate
of 1.8% for low-velocity non-operative fractures (12).
The majority of studies included recommended brief
hospitalization with IV antibiotics followed by a 7-day
course of oral antibiotics as an outpatient (12,13). None
of the included articles in our systematic review discuss
whether oral or IV antibiotics are optimal and which class
of drug is ideal for penetrating spine trauma (Zizble ).

Our study puts into perspective the available information
regarding duration of antibiotics following penetrating
injuries to the spine. It is important to note that no
prospective study exists regarding this topic and all the
studies included in our systematic review are retrospective
in nature. However, all of the aforementioned studies
have an extended follow-up of at least 6 months, which
is sufficient to detect any spinal infection (1,4-6,14,15).
Several important conclusions can be drawn regarding the
results presented. Romanick e /. demonstrated the highest
percentage of patients developing spinal infections (35%)
and noted that each of them had a trans-colonic gunshot
injury (5). However, several of these patients also only had
antibiotics continued for 48-96 hours, and others received
them for 5 days or more. The authors do not make any
specific recommendations regarding duration of therapy
though this study is often cited as evidence supporting
extended antibiotic prophylaxis.

Subsequent studies recommended anywhere from

Table 1 Articles utilized in study with number of reported spinal infections

5—14 days of broad-spectrum coverage for spine injuries
that involved the colon (5,6,10). Lin et 4/. and Kumar et 4.
recommended 5 and 7 days of antimicrobial coverage given
their low incidence of infection in their cohorts. However,
though Lin et a/. recommended a 5-day course of antibiotics,
their patients only received 48 hours of antibiotics unless
another source of infection was identified (1-10). Therefore
a 5-day course of therapy would not be empirically
indicated given their findings. Kumar ez 4/. recommended
7 days of therapy as no patients in their group developed
spinal or paraspinal infections after such a prolonged
course. However, they also made no mention of adverse
effects of prolonged antibiotic therapy and the potential to
develop resistance. Quigley ez a/. also recommended 5 days
of coverage given that 3 of the 19 (15.8%) patients in their
group receiving what they described as inadequate coverage
(less than 5 days) developed while only 1 of 8 (12.5%)
patients in the adequate coverage (5 days of therapy)
group developed spinal infection. However, this was not a
statistically significant difference (P=0.74) and it is unclear
how 5 days was deemed adequate coverage (3,6).

Our systematic review finds that while an extended
duration of antimicrobial prophylaxis of greater than 48
hours may be advisable in patients who have trans-colonic
gunshot injuries, it may not be necessary in patients who
do not have such involvement following penetrating spinal
trauma. Pasulpuleti ez 4/. and Rabinowitz er /. had cohorts
of 67 patients and 51 patients, respectively, with only
one patient in each group developing a central nervous
system infection. All patients in their groups received
standard prophylactic antibiotics of 48 hours or less
following penetrating spinal injury (3,7). The one patient

First author Year Type of study Sample size  Number of spinal infections Recommended duration of antibiotics
Pasulpuleti 2014 Retrospective review 67 1 48 hours

Rabinowitz 2012 Retrospective review 51 1 24-48 hours

Quigley 2006 Retrospective review 27 4 5 days

Kumar 1998 Retrospective review 33 0 7 days

Lin 1995 Retrospective review 29 1 5 days

Kihtir 1991 Retrospective review 21 0 48 hours

Simpson 1989 Retrospective review 160 4 No recommendation
Romanick 1985 Retrospective review 20 7 No recommendation

Roffi 1976 Retrospective review 51 3 7-14 days
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who developed meningitis in the study by Pasulpuleti
et al. also had already received a prolonged 2-week course
of piperacillin-tazobactam and developed late meningitis
following recurrent bacteremia. Therefore, in these two
more recent studies the authors find no evidence supporting
therapy longer than the 48-hour prophylactic antibiotic
course (7). Kihtir et al. also found that a 48-hour course
of antimicrobial prophylaxis was sufficient in preventing
infection in all 21 of their patients along with the standard
irrigation and debridement of the missile track (8).

The conclusions of our review should be put into context
with the limitations of conducting such an analysis with
only retrospective studies. As no prospective studies on the
subject of penetrating injuries to the spine are currently
available, it is not possible to make definitive treatment
recommendations or establish guidelines. Furthermore,
studies highlighted in this review varied significantly in
terms of type of penetrating trauma that patients sustained
and duration of follow-up, and did not report what
type of antibiotics were administered (1-6,9). Given the
heterogeneity of these studies, it is important to consider
that factors such as age and co-morbidities, associated
injuries, class of antibiotics, and administration of oral
versus intravenous antibiotics are all potential confounders
that lie outside the scope of available information from
these studies. Future prospective studies on optimal
duration of antibiotics for penetrating spine trauma would
address many potential confounders and may provide
stronger recommendations for treatment.

Conclusions

Our systematic review finds that penetrating injuries
to the spine can be associated with serious spinal and
paraspinal infections, however most penetrating spinal
injuries are not associated with such infection. And despite
concerns for contamination with concomitant injury to
the gastrointestinal tract, these injuries can often undergo
nonoperative management with antimicrobial prophylaxis.
While no definitive recommendations can be made
regarding duration of prophylaxis given the retrospective
nature of studies included in this systematic review, more
recent studies have demonstrated the efficacy of 48 hours
of standard antimicrobial prophylaxis to cover gram-
positive, gram-negative, and anaerobic organisms. However,
patients with trans-colonic injuries may benefit from an
extended course of antibiotics given the potential greater
risk for spinal and paraspinal infection. Future prospective
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studies examining the optimal duration of antibiotics for
penetrating spine trauma may help guide clinicians by
establishing more definitive recommendations that are
not possible to ascertain through this study given that all
currently published literature is retrospective in nature,
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