
ORIGINAL RESEARCH

Preoperative Versus Extended Postoperative
Antimicrobial Prophylaxis of Surgical Site Infection
During Spinal Surgery: A Comprehensive Systematic
Review and Meta-Analysis

Blaine T. Phillips . Emma S. Sheldon . Vwaire Orhurhu .

Robert A. Ravinsky . Monika E. Freiser . Morteza Asgarzadeh .

Omar Viswanath . Alan D. Kaye . Marie Roguski

Received: March 21, 2019 / Published online: May 15, 2020
� The Author(s) 2020

ABSTRACT

Introduction: Surgical site infection (SSI) fol-
lowing spinal surgery is a major source of post-
operative morbidity. Although studies have
demonstrated perioperative antimicrobial pro-
phylaxis (AMP) to be beneficial in the preven-
tion of SSI among spinal surgery patients,

consensus is lacking over whether preoperative
or extended postoperative AMP is most effica-
cious. To date, no meta-analysis has investi-
gated the comparative efficacy of these two
temporally variable AMP protocols in spinal
surgery. We undertook a systemic review and
meta-analysis to determine whether extended
postoperative AMP is associated with a differ-
ence in the rate of SSI occurrence among adult
patients undergoing spinal surgery.
Methods: Embase and MEDLINE databases
were systematically searched for clinical trials
and cohort studies directly comparing SSI rates
among adult spinal surgery patients receiving
either preoperative or extended postoperative
AMP. Quality of evidence of the overall study
population was evaluated using the Grading of
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Recommendations Assessment, Development
and Evaluation (GRADE) Working Group
approach. Random effects meta-analyses were
performed utilizing both pooled and stratified
data based on instrumentation use.
Results: Five studies met inclusion criteria. No
individual study demonstrated a significant
difference in the rate of SSI occurrence between
preoperative and extended postoperative AMP
protocols. The GRADE quality of evidence was
low. Among the overall cohort of 2824 patients,
96% underwent lumbar spinal surgery. Pooled
SSI rates were 1.38% (26/1887) for patients
receiving extended postoperative AMP and
1.28% (12/937) for patients only receiving pre-
operative AMP. The risk of SSI development
among patients receiving extended postopera-
tive AMP was not significantly different from
the risk of SSI development among patients
only receiving preoperative AMP [RR (risk ratio),
1.11; 95% CI (confidence interval) 0.53–2.36;
p = 0.78]. The difference in risk of SSI develop-
ment when comparing extended postoperative
AMP to preoperative AMP was also not signifi-
cant for both instrumented (RR, 0.92; 95% CI
0.15–5.75; p = 0.93) and non-instrumented
spinal surgery (RR, 1.25; 95% CI 0.49–3.17;
p = 0.65). There was no evidence of hetero-
geneity of treatment effects for all meta-
analyses.
Conclusion: Preoperative AMP appears to pro-
vide equivalent protection against SSI develop-
ment when compared to extended
postoperative AMP. Prudent antibiotic use is
also known to decrease hospital length of stay,
healthcare expenditure, and risk of complica-
tions. However, until higher-quality evidence
becomes available regarding AMP in spinal sur-
gery, surgeons should continue to exercise dis-
cretion and clinical judgment when weighing
the effects of patient comorbidities and com-
plications before determining the optimal
duration of perioperative AMP.

Keywords: Antimicrobial prophylaxis; Meta-
analysis; Spinal surgery; Surgical site infection;
Systematic review

Key Summary Points

Surgical site infection (SSI) following
spinal surgery is a major source of
operative morbidity

Studies have demonstrated perioperative
antimicrobial prophylaxis (AMP) to be
beneficial in the prevention of SSI among
spinal surgery patients

However, consensus is lacking over
whether preoperative or extended
postoperative AMP is most efficacious

Our meta-analysis investigated whether
extended postoperative AMP is associated
with a difference in the rate of SSI
occurrence compared to preoperative
AMP among adult patients undergoing
spinal surgery

Preoperative AMP appears to provide
equivalent protection against SSI
development when compared to extended
postoperative AMP in patients undergoing
spine surgery

INTRODUCTION

Surgical site infection (SSI) following spinal
surgery is a major source of operative morbidity.
Its incidence ranges from 0.22% to 16.4%,
demonstrating substantial variation conditional
upon numerous patient, disease, and perioper-
ative factors [1–19]. Treatment requires pro-
longed antibiotic therapy and often requires
reoperation. Although perioperative antimicro-
bial prophylaxis (AMP) has proven effective in
the prevention of SSI following spinal surgery
[18, 19], uncertainty remains regarding its
optimal duration.

Preoperative and extended postoperative
AMP have been shown to be clinically equiva-
lent in major surgery [20, 21]. Accordingly, the
Centers for Disease Control and Prevention
(CDC) recommends maintaining AMP
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throughout the operation until, at most, a few
hours after incision closure [22]. Although no
spinal surgery study to date has presented sig-
nificant evidence that extended postoperative
AMP is superior to preoperative AMP, spinal
surgeons still hesitate to assimilate this evidence
in the provision of care [22–31] and often con-
tinue AMP into the postoperative period
[32, 33].

The rationale for this skepticism remains
unclear, but proposed explanations suggest that
the relative quality and number of available
studies investigating the efficacy of temporally
variable perioperative AMP protocols in spinal
surgery have left surgeons reluctant to general-
ize broad results to their subspecialty before
additional high-quality evidence becomes
available [27, 28]. Another possible explanation
could come from disagreement among major
surgery guidelines, discrepancies between sub-
specialty practices [34–36], and the lack of rec-
ommendations specific to spinal surgery. In
particular, performance measures endorsed by
the Centers for Medicare and Medicaid Services
are contingent upon discontinuation of AMP
within 24 h after the end of major surgery
[36–39]. Meanwhile, only recently have for-
malized guidelines specific to spinal surgery
been provided by the North American Spine
Society (NASS), suggesting that AMP be dis-
continued with intraoperative dosing for adult
patients undergoing typical, uncomplicated
spinal surgery [23–25].

If extended postoperative AMP does not
provide a concomitant benefit in the preven-
tion of SSI after spinal surgery, continuation of
AMP postoperatively may unnecessarily expose
patients to adverse drug reactions, additional
costs, and prolonged hospital stays while
simultaneously promoting development of
antimicrobial resistant bacterial (AMR) strains
[19, 26] and Clostridium difficile infection.
Therefore, this systematic review and meta-
analysis aims to assess the comparative efficacy
of extended postoperative AMP versus preoper-
ative AMP in the prevention of SSI among adult
patients undergoing spinal surgery.

METHODS

Study Selection

We conducted a systematic review of Embase
and MEDLINE databases through February 1,
2019. The study selection process was tailored
to identify published randomized controlled
trials (RCT) and cohort studies comparing the
relative efficacy of preoperative and extended
postoperative AMP protocols in the prevention
of SSI among adult patients undergoing spinal
surgery. Only those studies that used SSI
occurrence as their primary outcome of interest
were considered. Our search terms included
‘‘spine surgery’’ or ‘‘spine injury’’ or ‘‘foramino-
tomy’’ or ‘‘laminectomy’’ or ‘‘spine fusion’’ or
‘‘antibacterial agent’’ and ‘‘antibiotics’’, or ‘‘ce-
fazolin’’ or ‘‘clindamycin’’ or ‘‘cefuroxime’’ or
‘‘vancomycin’’ and ‘‘postoperative period’’ or
‘‘perioperative care’’ or ‘‘postoperative care’’ or
‘‘intraoperative period’’ or ‘‘preoperative period’’
or ‘‘intraoperative period’’. Supplemental
Table 1 provides more details on the search
methodology in the present investigation. Since
identification of SSI involves interpretation of
clinical and laboratory findings, included stud-
ies were required to provide evidence that
diagnosis was at least partially commensurate
with current CDC guidelines to ensure consis-
tency [22, 40]. Given that retrospective studies
were included in this review, the only parame-
ter that was afforded exception in meeting SSI
defining criteria was the length of the observa-
tional window in which diagnosis could be
made. Postoperative systemic infections and
remote coexisting and complicating infections
did not meet SSI criteria [40] and were not
included. This method of study selection is
similar to that implemented by McDonald et al.
[20]. Secondary outcomes included the inci-
sional type of SSI and the microbiology and
resistance patterns of positive wound cultures.

Included studies needed to directly compare
rates of spinal SSI between preoperative and
extended postoperative AMP protocols. Studies
that compared one perioperative AMP protocol
with placebo and those that solely assessed
variations of extended postoperative AMP were
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excluded. Studies contrasting different treat-
ment arms of preoperative and extended post-
operative AMP regimens were included but were
manipulated a priori in this analysis so that
there was only one preoperative AMP group,
one extended postoperative AMP group, and
one risk ratio (RR) for each study. Pharmacoki-
netic studies evaluating the comparative effi-
cacy and role of two or more different
antibiotics in spinal SSI prevention were exclu-
ded. There were no inclusion criteria condi-
tional upon the dosage and type of antibiotics
administered, and perioperative changes made
to these parameters for clinical reasons were
permitted.

The different AMP regimens utilized by
included studies were obligated to fulfill specific
criteria. Preoperative AMP regimens required
administration of a single antibiotic dose prior
to surgery and allowed for intraoperative
redosing; however, antibiotic administration at
the conclusion of the procedure or any time
postoperatively was not permitted [20]. Mean-
while, criteria for extended postoperative AMP
regimens were identical to those for preopera-
tive AMP protocols, but also allowed for con-
tinued antibiotic administration into the
postoperative period for an indefinite length of
time. Intraoperative redosing and its timing for
both prophylactic regimens needed to be con-
tingent upon several factors, including opera-
tive duration; half-life of the antimicrobial
agents administered; patient characteristics
such as renal function, body habitus, and age;
amount of blood loss and volume of subsequent
transfusions and fluid therapy; and rate of dif-
fusion into the wound, in order to maintain
bactericidal concentrations of the antibiotic
[20, 22, 30, 41–43]. The terms preoperative and
extended postoperative AMP were used in this
study instead of single-dose and multiple-dose
prophylaxis in an attempt to avoid confusion.
Single-dose prophylaxis can, by convention,
include multiple doses of antibiotics if admin-
istered intraoperatively [20], and can easily be
misinterpreted as AMP characterized by multi-
ple doses.

Included studies were required to have sam-
ple sizes greater than or equal to 20 patients
with at least 10 patients in each treatment arm.

Case–control studies were also excluded to
avoid including a potentially large source of
bias. All studies that were not accessible in
English were excluded.

There were no specific exclusion criteria
placed upon adult age and comorbidity status
since this would eliminate the majority of
studies without access to individual patient data
for pooled analysis. However, studies primarily
assessing spinal SSI among pediatric patient
populations were excluded. There were also no
exclusion criteria surrounding details of the
spinal operation performed, including the type
of procedure and its elective or emergent nat-
ure, surgical complexity and duration, instru-
mentation use, anatomic level of surgery and
whether surgeons operated at multiple spinal
levels, revision surgery, and use of surgical site
irrigation with antibiotics.

Data Extraction

Using a standardized data extraction form,
information was independently collected by
two teams of investigators. Discrepancies were
resolved for each team by a dedicated third
party through review of original articles and
group discussions. Information collected from
each study included the study period, overall
sample size and the number of patients in pre-
operative and extended postoperative AMP
treatment arms, percentage of male patients,
descriptive statistics for cohort age, patient
comorbidities, antibiotics administered and
their perioperative timing and duration, ana-
tomic level and type of spinal surgery, instru-
mentation status, number of SSIs along with
their incisional type and microbiology, compa-
rable SSI prevalence estimates, and sources of
confounding. The antibiotics recorded were the
predominant form of pharmacologic therapy
administered in each study. Antibiotics utilized
for exceptional cases, such as patients with
penicillin or cephalosporin allergies, were not
documented.

Information regarding quality was also
extracted and summarized for individual studies
and for the combined study population as a
whole. Included RCTs were determined to have
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a high, unclear, or low risk of bias through use
of the Cochrane Collaboration’s tool for
assessing risk of bias. Meanwhile, the quality of
included cohort studies was assessed using the
Newcastle–Ottawa Scale (NOS) in which they
could receive anywhere from 0 to 9 stars based
on their performance in certain measurable
areas. The Grading of Recommendations,
Assessment, Development, and Evaluations
(GRADE) Working Group approach was then
used to determine the overall quality of evi-
dence for the entire study population as a
whole. The GRADE score was calculated for
each study using a composite measure based on
type of evidence, quality, consistency, direct-
ness, and effect size [44, 45].

Statistical Analysis

Studies with multiple treatment arms for dif-
ferent variations of either preoperative AMP or
extended postoperative AMP were combined to
form one group for each study. Basic percentage
calculations were made without p values and
confidence intervals (CI) during the systematic
review. Risk ratios and 95% CIs were calculated
for each study and then combined using a ran-
dom effects model to determine whether
extended postoperative AMP reduced SSI
development when compared to preoperative
AMP protocols through a summary risk ratio. A
cumulative meta-analysis was performed and
visualized through a forest plot to determine if a
significant difference existed at any point in
time and, if appropriate, to see when conclu-
sions of statistical significance could have first
been reached. Based on the availability of data,
post hoc subgroup meta-analyses were con-
ducted to determine whether the effect of pre-
operative AMP and extended postoperative
AMP on the rate of SSI was conditional upon
other variables through confounding or effect
modification. Stratified analysis was only con-
ducted on patients undergoing instrumented
and non-instrumented spinal surgery. All anal-
yses were performed using Stata 12.0 software
(StataCorp LP, College Station, TX, USA). All
tests were two-sided with an alpha value of 0.05.

Heterogeneity, Bias, and Quality
Assessment

The degree of heterogeneity among the risk
ratios was evaluated using the I2 statistic. The
probability of publication bias and other such
study effects were visually assessed through
observation of funnel plot asymmetry and
Egger’s test of linear regression between the
precision of included studies and the standard-
ized effect. Selection bias and information bias
were qualitatively evaluated.

The Cochrane Collaboration’s tool for
assessing risk of bias, the NOS, and the GRADE
Working Group scoring system were utilized to
assess quality of evidence for each included
study and for the overall study population. The
Cochrane Collaboration’s tool for assessing risk
of bias decides whether RCTs have a higher,
unclear, or low risk of bias based on a study’s
performance in key domain areas [46]. The NOS
awards up to 9 stars for quality features of
observational studies [47, 48]. Meanwhile, the
GRADE approach collectively evaluates quality
of evidence by awarding points in five different
categories: type of evidence, quality of study
methodology, consistency among and within
studies, directness or generalizability of the
study population and outcome to the research
question, and effect size among all studies.
Potential quality of evidence scores can range
from 7 to - 4 and are categorized as high (C 4),
moderate (3), low (2), and very low (B 1).
Meanwhile, the GRADE approach appraises
strength of recommendation by collectively
assessing the quality of evidence (GRADE score),
desirability of effects, patient values and pref-
erences, and resourcefulness of intervention.
GRADE strength of recommendation scores are
determined as either strong or weak. The nom-
inal group technique will be utilized within our
group dynamic to reach conclusions of these
subjective decisions for quality and risk of bias
assessment. Finally, we used the nominal group
technique [49, 50] to achieve consensus
regarding judgments made for risk of bias and
quality assessment.
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Compliance with Ethics Guidelines

This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

RESULTS

Systematic Review

The primary search identified 388 potential
studies. After removing 61 duplicate reports and
screening the titles and abstracts of the 327
studies that remained, 21 full-text articles were
reviewed in detail (Fig. 1). Five studies met

inclusion criteria: one RCT [27] and four retro-
spective cohort studies [28, 33, 51, 52].

Pertinent qualitative and quantitative details
from each of these five studies are presented and
summarized. Included studies followed CDC
guidelines for SSI diagnosis to varying degrees.
Each study identified SSI through the clinical
observation of the surgeon or attending physi-
cian, while some studies also utilized positive
wound cultures and other diagnostic measures
to supplement diagnosis. The most notable in-
consistency across included studies in meeting
CDC criteria was the time period in which SSI
diagnosis was made. The observational period
ranged from within 30 days [28] to more than
6 months [33] after the operation. Hellbusch
et al. [27] was the only study that did not elu-
cidate their observational window for diagnos-
ing SSI. The one included RCT was found to
have a high risk of bias [27] after evaluation
with the Cochrane Collaboration’s tool for
assessing risk of bias [46]. Meanwhile, the NOS
[47] quality scores of the four remaining cohort
studies ranged from 6 stars for two studies
[33, 52] to 7 stars for two other studies [28, 51].

Hellbusch et al. [27] conducted an RCT
assessing the rate of SSI among 269 consecutive,
uninfected patients undergoing clean, instru-
mented lumbar fusion (97 posterior long seg-
ment fusions [PLSFs], 94 transforaminal lumbar
interbody fusion and posterior long segment
fusions [TLIF/PLSFs], 21 posterior lumbar inter-
body fusion and posterior long segment fusions
[PLIF/PLSFs], 16 minimally invasive sextant
fusions, and 5 anterior lumbar interbody
fusions [ALIFs]) for degenerative disease, with or
without spinal stenosis, from 2000 to 2003.
Potential study participants with a cephalos-
porin or severe penicillin allergy were excluded.
Included patients were randomized to one of
two AMP protocols: a single preoperative dose
of cefazolin or an extended 10-day postopera-
tive regimen of cefazolin and cephalexin. Both
AMP protocols received intraoperative dosing.
Only 233 patients (male [M] = 102, female
[F] = 131; age range = 21–82 years) completed
the entire study: 6 patients withdrew secondary
to complications or adverse reactions and 30
patients were eliminated from the study after
deviation from their assigned AMP protocol.Fig. 1 Flow diagram of search strategy
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From the 30 eliminated patients, 27 received
additional postoperative antibiotic doses, pri-
marily for infectious reasons such as fever of
unknown origin and urinary tract infection,
while 3 had missed antibiotic doses. Informa-
tion regarding the length of the observational
window for SSI diagnosis was not provided, but
all SSIs occurred within 21 days of surgery.

The overall rate of SSI was 3.0% (= 7/233).
Two superficial SSIs were reported among the
116 patients receiving extended postoperative
AMP, and 5 superficial SSIs were observed
among the 117 patients receiving preoperative
AMP. Difference testing failed to establish a
statistically significant difference in the rate of
SSI between patients who received extended
postoperative AMP and those who received
preoperative AMP (2/116 = 1.72% versus
5/117 = 4.27%; p[ 0.25). Two one-sided test
(TOST) equivalence testing also failed to pro-
duce a statistically significant result. Multivari-
ate analysis included a variety of patient and
operative characteristics thought to be associ-
ated with SSI, but no statistically significant
relationships were reported. Hellbusch et al.
hesitated to put forth a clinical recommenda-
tion for or against the administration of exten-
ded postoperative AMP as a result of insufficient
study power. However, they indicated that it
seemed unlikely that extended postoperative
AMP regimens lasting less than the 10 days
would provide additional protection against SSI
development given their null result. The
Cochrane Collaboration’s risk of bias summary
assessment for the outcome of SSI from Hell-
busch et al. was high. Meanwhile, Hellbusch
et al.’s GRADE evidence quality score was
moderate, while its strength of clinical recom-
mendation was found to be strong.

Regarding their study’s low power, Hellbusch
et al. noted that 1400 patients would be
required to detect a statistically significant dif-
ference in SSI as a result of the small effect size
difference in proportions (ES = 0.074) and the
very low overall rate of infection. As surgical
practices improve and SSI becomes less com-
mon, the low rate of occurrence undermines the
feasibility of conducting adequately powered
trials. This is an artifact of surgical practice, and
we do not believe that this study by Hellbusch

et al. should be overly penalized for encoun-
tering this difficulty. However, it is worth not-
ing that eliminating patients who received
additional postoperative antibiotics may intro-
duce bias in either direction. The distribution of
these patients between treatment arms was not
reported, making it difficult to account for
potential systematic differences between elimi-
nated patients and adherent patients without
individual level data. The authors removed
these subjects rather than conducting an as-
treated analysis or otherwise statistically
addressing this possible source of bias.

The designs of the other four included stud-
ies were retrospective. Dobzyniak et al. [52],
Kanayama et al. [51], and Kakimaru et al. [28]
each took advantage of changes to AMP proto-
cols within their respective institutions to
evaluate the effects of different dosing regimens
on the rate of SSI in spinal surgery. These
institutional changes were motivated by the
null result of an in-house animal study assessing
extended postoperative AMP on spinal infec-
tious [29] for Dobzyniak et al. and CDC rec-
ommendations [22] for Kanayama et al. and
Kakimaru et al. In each case, existing AMP
protocols were reduced from extended postop-
erative AMP to preoperative AMP. These tem-
poral variations in prophylaxis could introduce
bias, as other uncontrolled factors in the insti-
tutional setting and patient population also
may have changed over the study period.
Nonetheless, the purpose of this paper is to
formulate recommendations for institutions,
and studies that review the effects of institu-
tional protocol adjustments provide valuable
insight to the current review.

Dobzyniak et al. [52] conducted a retrospec-
tive cohort study evaluating the rate of SSI
among 636 patients (M = 393, F = 243; mean
age = 43 years) undergoing hemilaminotomy
and discectomy for herniated lumbar disc from
1993 to March 1999. Patients in the preopera-
tive AMP group only received a single dose of
AMP. Information regarding the duration of the
extended postoperative AMP regimen or whe-
ther intraoperative dosing was administered for
either group was not provided. Cefazolin was
the primary antibiotic administered in both
groups. There were 26 patients who did not
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receive preoperative AMP during this time per-
iod that were excluded from the final statistical
analysis of the remaining 610 patients. None of
these eliminated patients developed SSI. No
patients were lost to follow-up during the
6-week period of postoperative observation.

The overall rate of SSI was 1.3% (= 8/610).
Five SSIs were reported among the 418 patients
receiving extended postoperative AMP, while 3
SSIs were reported among the 192 patients
receiving preoperative AMP. Information
regarding the incisional type of SSI was not
provided. The rate of SSI for the extended
postoperative AMP group was not significantly
different from the preoperative AMP group (3/
192 = 1.20% versus 5/418 = 1.56%; p = 0.71).
Dobzyniak et al. concluded that a single pre-
operative dose of AMP is equally effective in the
prevention of SSI following lumbar discectomy
as extended postoperative AMP. The NOS
quality of evidence score for Dobzyniak et al.
accumulated six stars.

Kanayama et al. [51] conducted a retrospec-
tive cohort study of 1597 consecutive, unin-
fected patients (male = 912, female = 685;
mean age = 55.4 years) undergoing instru-
mented and non-instrumented posterior
decompression lumbar surgeries for numerous
diagnoses (686 disc herniations, 340 degenera-
tive spondylolistheses, 259 spinal stenoses, 73
failed lumbar surgeries, 52 degenerative scol-
ioses, 48 isthmic spondylolistheses, 34 spinal
traumas, 27 foraminal stenoses, 27 spinal
tumors, and 51 miscellaneous cases) from Jan-
uary 1999 to September 2004. Patients in the
preoperative AMP group received a single dose
of antibiotics, while those in the extended
postoperative AMP group received an extended
5- to 7-day postoperative regimen. Both proto-
cols provided intraoperative dosing and surgical
site irrigation with first-generation cephalos-
porins. Only SSIs occurring within 6 months of
surgery were included and no subjects were lost
during the observational period.

The overall rate of SSI was 0.7% (= 11/1597).
Two deep SSIs were observed among the 464
patients receiving preoperative AMP, while 9
SSIs (2 superficial and 7 deep) were reported
among the 1133 patients receiving extended
postoperative AMP. Among the 665 cases that

utilized instrumentation, there was 1 SSI among
the 182 patients receiving preoperative AMP
and 7 SSIs among the 483 patients receiving
extended postoperative AMP. Meanwhile,
among the 932 patients undergoing non-in-
strumented, posterior decompression, there was
1 SSI reported among the 282 patients receiving
preoperative AMP and 2 SSIs observed among
the 650 patients receiving extended postopera-
tive AMP. Information regarding SSI incisional
type for stratified analyses based on instru-
mentation was not provided. The rate of SSI did
not differ significantly between the extended
postoperative AMP group and the preoperative
AMP group (9/1113 = 0.8% versus
2/464 = 0.4%, p[0.05). Only deep SSIs were
observed in the preoperative AMP group (2/
464 = 0.4%); the rate of deep and superficial SSI
was 0.62% (= 7/1133) and 0.18% (= 2/1113),
respectively, in the extended postoperative AMP
group. Among cases utilizing instrumentation,
the difference in rate of SSI between the two
study arms was again insignificant (7/
483 = 1.4% versus 1/182 = 0.5%, p[0.05).
Kanayama et al. concluded that a single preop-
erative dose of AMP, with intraoperative dosing,
is effective in the prevention of SSI during both
instrumented and non-instrumented lumbar
spine surgeries. The NOS quality of evidence
score for Kanayama et al. had 7 stars.

Kakimaru et al. [28] conducted a retrospec-
tive cohort study of 284 patients (M = 183,
F = 101; mean age = 63 years, age
range = 16–84 years) undergoing microscopic,
non-instrumented spinal decompression sur-
gery (115 lumbar fenestrations, 88 cervical
laminoplasties, 60 lumbar discectomies, and 21
other procedures) from October 2003 to August
2009. All patients with infectious spondylitis
were excluded. There were three different
treatment arms in this study: one preoperative
AMP group with 143 patients and two tempo-
rally variable extended postoperative AMP
groups with a collective total of 141 patients.
The patients in the preoperative AMP arm
received a single preoperative dose of antibiotics
and intraoperative dosing. Meanwhile, patients
in the first extended postoperative AMP group
received a single preoperative and postoperative
dose on the operative day, with further AMP
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dependent upon the attending surgeon’s dis-
cretion (average duration = 2.7 postoperative
days), but they did not receive intraoperative
dosing. In contrast, patients in the second
extended postoperative AMP group received a
single preoperative dose, intraoperative dosing,
and a single postoperative dose after skin clo-
sure on the operative day, but did not receive
additional postoperative AMP. These two
extended postoperative AMP protocols were
combined by the study’s investigators to permit
statistical analysis between the 143 patients
receiving preoperative AMP (M = 94, F = 49,
mean age = 64 years) and the 141 patients
receiving extended postoperative AMP (M = 89,
F = 52, mean age = 62 years). Cefazolin was the
primary antibiotic administered in both groups.
There was no mention of patients being lost to
follow-up during the 30-day period of postop-
erative observation.

The overall rate of SSI was 2.1% (= 6/284).
There were 4 SSIs (3 superficial and 1 deep) in
the extended postoperative group and 2 super-
ficial SSIs in the preoperative AMP group. There
was no significant difference in rate of SSI
between patients receiving extended postoper-
ative AMP and those receiving preoperative
AMP (4/141 = 2.8% versus 2/143 = 1.4%,
p = 0.335). The rate of superficial and deep SSI
was 2.13% (= 3/141) and 0.71% (= 1/141),
respectively, in the extended postoperative AMP
group; only superficial SSIs were observed in the
preoperative AMP group (2/143 = 1.4%). Kaki-
maru et al. concluded that the SSI rate among
their cohort of patients while undergoing
microscopic non-instrumented, spinal decom-
pression surgery was not related to AMP dura-
tion. The NOS quality of evidence score for
Kakimaru et al. had 7 stars.

Khan et al. [33] conducted a retrospective
cohort study of 100 patients (M = 40, F = 60;
age range = 18–70 years) undergoing clean,
elective, and non-instrumented lumbar
decompression surgery (66 fenestrations, 28
laminectomies, and 6 combined operations) for
disc prolapse, spinal stenosis, or both diagnoses
from January 2006 to March 2008. Patients with
fractures, trauma, and Pott’s disease were
excluded. Three different perioperative AMP
regimens were evaluated in separate treatment

arms: one preoperative AMP group and two
temporally variable AMP groups. The 21
patients in the preoperative AMP group only
received a single preoperative dose. The first
extended postoperative AMP group had 59
patients and received a single preoperative dose,
intraoperative dosing, and two postoperative
doses. Meanwhile, the second extended post-
operative AMP group had 20 patients and
received a single preoperative dose and at least
three postoperative doses until the patient
demonstrated improvement. Information
regarding the overall duration of procedures
and the specific duration for each of the
extended AMP protocols was not provided.
First- or third-generation cephalosporins were
the primary antibiotics administered. There was
no information provided regarding patients
being lost to follow-up during the observational
period for SSI diagnosis, which lasted for more
than 6 months after surgery.

The overall rate of SSI was 6% (= 6/100).
There were no SSIs in the preoperative AMP
group, 1 superficial SSI in the first extended
postoperative AMP group with intraoperative
dosing and only two postoperative doses, and 5
superficial SSIs in the second extended postop-
erative AMP group with at least three postop-
erative doses. There were no significant
differences in rate of SSI when comparing the
preoperative AMP group to either the extended
postoperative AMP group receiving exactly two
postoperative doses or to the extended postop-
erative AMP group receiving at least three
postoperative doses (0/21 = 0% versus
1/59 = 1.7%, p = 1.00; 0/21 = 0% versus
5/20 = 25%, p = 0.54). Meanwhile, the differ-
ence in the rate of SSI between the two exten-
ded postoperative AMP groups was found to be
statistically significant (1/59 = 1.7% versus
5/20 = 25%, p = 0.003). However, the reported
SSI rate of 25% among patients in the extended
postoperative AMP groups receiving three or
more postoperative doses is considerably higher
than other published rates of SSI following non-
instrumented spinal surgery [13, 28, 52]. This
study is retrospective, and patients were not
randomized. Therefore, patients may have
received more than three postoperative doses if
they were perceived by their attending surgeon
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to be at a greater risk of developing SSI. They
also may have been more likely to undergo
operations that carry a higher risk of complica-
tion, such as multilevel laminectomy, as the
distribution of procedures among patient
groups was not specified. Khan et al. also noted
that patients in this extended postoperative
AMP group receiving at least three postopera-
tive doses were continued on AMP until they
improved postoperatively. However, they did
not further specify whether improvement
referred to mobility and function or whether
this group of patients experienced postoperative
complications. Since there were no deep SSIs,
the rate of superficial SSI was equal to the
overall SSI rate of 6%. Khan et al. concluded
that a single preoperative dose of AMP was
equally effective as extended postoperative AMP
in preventing SSI among clean, elective lumbar
surgeries. The NOS quality of evidence score for
Khan et al. was 6 stars.

Combined Study Characteristics

Data on patient demographics and SSI devel-
opment from the five included studies was col-
lected (Table 1). Male patients comprised 55%
of the 2824 patients making up the overall
cohort. All included studies utilized sample
populations that were either completely or
predominantly composed of adult patients.
Average patient age was reported by Dobzyniak
et al., Kakimaru et al., and Kanayama et al. and
ranged from 43 [52] to 63 years [28]. Mean-
while, age ranges were provided by Kakimaru
et al., Hellbusch et al., and Khan et al. and
extended from 16 to 84 years [28]. Studies were
inconsistent in their reporting and analysis of
medical comorbidities, including tobacco use,
chronic steroid use, and body mass index (BMI)
as a measure of obesity.

There were 2717 (= 96.2%) patients who
underwent lumbar spinal surgery, 109 (3.8%)
patients who underwent thoracic spinal

Table 1 Characteristics included comparative studies evaluating the effects of preoperative versus extended postoperative
AMP on SSI development during spinal surgery on adult patients

Study Year Patients
(no.)

Preoperative
dosing (no.)

Total
SSIs
(no.)

SC
SSIs
(no.)

Deep
SSIs
(no.)

Mean
age
(years)

Percent male
patients, (M/
F)

Level of spinal
surgery (no.)

Extended
postoperative
dosing (no.)

C TX LS

Khan et al.

[33]

2009 100 21 0 0 0 N/A 40%, (40:60) 0 0 21

79 6 6 0 0 0 79

Hellbusch

et al. [27]

2008 233 117 5 0 5 N/A 44%,

(102:131)

0 0 117

116 2 0 2 0 0 116

Kakimaru

et al. [28]

2010 284 143 2 2 0 62 64%,

(183:101)

42 1 100

141 4 3 1 60 4 77

Dobzyniak

et al. [52]

2003 610 192 3 N/A N/A 43 64%,

(393:243)

0 0 192

418 5 N/A N/A 0 0 418

Kanayama

et al. [51]

2007 1597 464 2 0 2 55 57%,

(912:685)

0 0 464

1133 9 2 7 0 0 1133

AMP antimicrobial prophylaxis, SSI surgical site infection, SC superficial, C cervical, TX thoracic, LS lumbosacral, no.
number, M/F ratio of male to female patients, N/A data not provided
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surgery, and 5 (\0.1%) patients who under-
went cervical spinal procedures. The distribu-
tion of the two AMP protocols across spinal
surgery level was not provided. Overall, there
were 26 SSIs observed in 1887 patients who
receive extended postoperative AMP (crude
rate = 1.4%), and there were 12 SSIs observed in
937 patients who received preoperative AMP
(crude rate = 1.3%). Studies were inconsistent
in their reporting and analysis of operative
variables, such as procedural duration, the
specific procedure performed, and complica-
tions, but meaningful stratified analysis was
conducted on instrumentation use and a crude
analysis was performed for SSI incisional type.

Hellbusch et al. and Kanayama et al. were the
only studies that included patients undergoing
instrumented spinal fusion, but only the former
detailed the specific fusion procedures per-
formed. The mean number of spinal levels fused
was not reported in either study. After stratify-
ing the overall cohort by instrumentation, there
were 15 SSIs among 888 patients in the instru-
mented group and 17 SSIs among 1926 patients
in the non-instrumented group. The rate of SSI
in patients undergoing instrumented spinal
surgery was nearly twice that observed in non-
instrumented spinal surgery (15/888 = 1.69%
versus 17/1926 = 0.9%). Among patients
undergoing instrumented spinal surgery, there
were 9 SSIs among 599 patients receiving
extended postoperative AMP and 6 SSIs among
299 patients receiving preoperative AMP (1.5%
versus 2%, respectively). In contrast, among
patients undergoing non-instrumented spinal
surgery, there were 17 SSIs among 791 patients
receiving extended postoperative AMP and 6
SSIs among 638 patients receiving preoperative
AMP (1.3% versus 0.94%, respectively).

Rates of superficial and deep incisional SSIs
were differentiated in each study except for
Dobzyniak et al. After stratifying the four
remaining studies by SSI incisional type, there
were 20 superficial and 10 deep SSIs among
2214 patients. Among 1469 patients receiving
extended postoperative AMP, there were 13
superficial and 8 deep SSIs (0.89% and 0.54%,
respectively). Meanwhile, among 745 patients
receiving preoperative AMP, there were 7
superficial and 2 deep SSIs (0.94% and 0.27%,

respectively). There was no discernable differ-
ence in rate of SSI when stratified by the inci-
sional type secondary to crude analysis.

Although each included study reported on
the microbiology of positive cultures to varying
degrees, inconsistencies in reaching diagnosis
through wound culture and the reporting of
these findings, both across and within studies,
prevented us from ascertaining the true per-
centage of patients from the overall cohort with
positive wound cultures and their individual
microbiology. We were also unable to reliably
determine what causative organisms were most
commonly encountered among the two differ-
ent AMP protocols and whether any associa-
tions existed between instrumentation use or
the incisional type of SSI with specific types of
microorganisms. In particular, Dobzyniak et al.
[52] did not specify the absolute number SSIs
attributable to identified causative bacteria, but
noted that the majority of positive cultures
grew Staphylococcus species. Since most patients
either had negative cultures or were diagnosed
solely through clinical observation, only 20
individual patients from the overall cohort were
reported to have positive wound cultures
[27, 28, 33, 51]. Causative organisms included
Staphylococcus aureus (n = 10) [28, 33, 51],
coagulase-negative Staphylococcus species (n = 5)
[27, 28, 51], methicillin-resistant S. aureus
(MRSA) (n = 3) [28, 51], Enterococcus faecalis
(n = 1) [51], and gram-positive bacillus (n = 1)
[51].

There were also inconsistencies in the
reporting of AMR strains and bacteria-induced
postoperative complications. Kanayama et al.,
Kakimaru et al., and Khan et al. commented on
antibiotic resistance patterns of cultured
organisms. Among the 19 patients with positive
cultures in these three studies, resistant organ-
isms were cultured in 6 of 15 patients receiving
extended postoperative AMP (40%), and in 0 of
4 patients receiving preoperative AMP
[28, 33, 51]. In addition, two cases of pseu-
domembranous colitis secondary to C. difficile
were noted in the extended postoperative AMP
group while no cases were noted in the preop-
erative AMP group [28].

The overall combined GRADE quality of
evidence score was low. Additionally, the
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included studies had an average GRADE quality
of evidence score of low when this evaluation
criteria was applied to them individually.

Meta-Analysis

The overall risk of SSI development in patients
who received extended postoperative AMP was
1.11 times the risk of SSI development in
patients who only received preoperative AMP,
though this effect was not significant (RR =
1.11, 95% CI 0.53–2.36, p = 0.78) (Fig. 2a).
There was no evidence of heterogeneity of
treatment effects among the included studies
(I2 = 0%; p = 0.50), and cumulative meta-anal-
ysis failed to reveal a significant risk ratio at any
time.

Publication bias was assessed using funnel
plots (Fig. 2b), and the study estimates appear
symmetric about the estimated true effect size.
However, the small number of studies limits the
interpretation of a funnel plot. Egger’s test for
small-study effects was also found to be statis-
tically insignificant (p = 0.81). Taken together,
these results support the hypothesis that the SSI
rate after spine surgery is not different between
extended postoperative AMP and preoperative
AMP.

Stratified meta-analysis was performed by
whether instrumentation was implanted during
surgery. Among patients who underwent
instrumented spinal surgery, no significant dif-
ference in risk of SSI development was observed
between patients who received extended post-
operative AMP and those who received preop-
erative AMP (RR = 0.92, 95% CI 0.15–5.75,
p = 0.93) (Fig. 3a). No notable benefit or harm
was observed from extended postoperative AMP
in terms of occurrence of SSI. Only two studies,
Hellbusch et al. and Kanayama et al., con-
tributed to the instrumented cohort in this
stratified meta-analysis; the results of neither
study were statistically significant indepen-
dently, and their estimated effects actually
trended in opposite directions (RR = 0.40 and
RR = 2.64, respectively). Therefore, some
heterogeneity could be expected and is indi-
cated by an I2 of 49.1%, but this was found not
to be statistically significant (p = 0.16). The

interpretation of the funnel plot is extremely
limited because of a very small sample size
(Fig. 3b).

Four studies reported data on outcomes fol-
lowing non-instrumented spinal surgery. The
pooled risk of SSI following non-instrumented
spinal surgery in patients who received exten-
ded postoperative AMP was not significantly
different from the risk of SSI in patients who
received preoperative AMP (RR = 1.25, 95% CI
0.49–3.17, p = 0.65) (Fig. 4a). There was no evi-
dence of heterogeneity of treatment effects
among the included studies (I2 = 0%; p = 0.70).
Again, the study estimates appear symmetri-
cally dispersed about the estimated true effect
size, suggesting absence of publication bias,
although any conclusions drawn are limited by
small study numbers (Fig. 4b).

DISCUSSION

Guidelines over the optimal timing of periop-
erative AMP in spinal surgery have been subject
to clinical debate for over half a century. Prior
to publication of Burke’s [53] landmark bovine
study in 1961, the prophylactic efficacy of
perioperative antibiotic utilization was poor
secondary to administration that was com-
monly confined to the postoperative window
[54, 55]. Succeeding publications, including
Classen et al.’s [30] seminal 1992 observational
study, substantiated Burke’s findings over the
next three decades [29, 56–63] and highlighted
the importance of administering preoperative
AMP just prior to first incision. Horwitz and
Curtin [6] are often credited with first demon-
strating the efficacy of initiating AMP preoper-
atively in spinal surgery in 1975 and,
ultimately, these authors recommended exten-
ded prophylaxis. Despite this evidence, RCTs
[64–69] had so far failed to demonstrate clinical
efficacy of perioperative AMP in preventing
spinal SSI. Barker [19] performed a meta-analy-
sis of these RCTs in 2002 and found results that
robustly reinforced administration of AMP with
at least a single preoperative dose during spinal
surgery, even when anticipated rates of SSI
without AMP are low.
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Fig. 2 a Forest plot and pooled relative risk of SSI
development in patients who received both preoperative
and extended postoperative AMP compared to a patients
who only received preoperative AMP. b Funnel plot of all
studies with non-zero rates of SSI demonstrating a

symmetric distribution of study estimates around the
estimated true effect size, suggesting no evidence for
publication bias. RR relative risk, CI confidence interval,
SSI surgical site infection, AMP antimicrobial prophylaxis
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Fig. 3 a Forest plot and pooled relative risk of SSI
development in patients undergoing instrumented spinal
surgery who received both preoperative and extended
postoperative AMP compared to patients who only
received preoperative AMP. b Funnel plot of all studies

with non-zero rates of SSI demonstrating a symmetric
distribution of study estimates around the estimated true
effect size. The small sample size limits the interpretation
of this plot. RR relative risk, CI confidence interval, SSI
surgical site infection, AMP antimicrobial prophylaxis
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Fig. 4 a Forest plot and pooled relative risk of SSI
development in patients undergoing non-instrumented
spinal surgery who received both preoperative and
extended postoperative AMP compared to patients who
only received preoperative AMP. b Funnel plot of all
studies with non-zero rates of SSI demonstrating a

symmetric distribution of study estimates around the
estimated true effect size. The small sample size limits the
interpretation of this plot. RR relative risk, CI confidence
interval, SSI surgical site infection, AMP antimicrobial
prophylaxis
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Although research has heavily focused on
when to start AMP in spinal surgery, questions
over its overall duration remain. In 2003,
Dobzyniak et al. [52] and Beiner et al. [70] were
the first to call attention to the lack of consis-
tent recommendations over how long, if at all,
to continue AMP postoperatively. Clinical
studies have since not only assessed the efficacy
of extended postoperative therapy to preopera-
tive AMP alone [27, 28, 33, 51, 52] but have also
compared the therapeutic benefit of extended
AMP regimens to others that differ in postop-
erative duration [32]. The NASS [24, 25] has
made recommendations for optimal antibiotic
duration for both uncomplicated and compli-
cated spinal surgeries after qualitatively
reviewing these studies in 2013, but a meta-
analysis of comparative clinical trials has still
not yet been conducted.

The main meta-analysis performed in this
study combined the results of one RCT and four
retrospective cohort studies. We did not find
evidence that the administration of an exten-
ded AMP regimen was favorable over the
administration of a single preoperative dose as
indicated by an overall risk ratio of 1.11 and
95% confidence interval of 0.53–2.36 (p = 0.78).
Heterogeneity analysis did not reveal variability
among the studies and did not provide any
evidence that the studies could not be com-
bined. Funnel plots did not reveal any clear
publication bias, and Egger’s test for small-study
effects was found to be non-significant. These
findings support the hypothesis that combined
preoperative and extended postoperative
antimicrobial prophylaxis does not reduce SSI
rates in adult patients undergoing spinal sur-
gery as compared to a single preoperative dose.

The broad confidence interval of the risk
ratio and the insignificant test statistic imply
that the meta-analysis is likely underpowered to
detect small differences in the risk of SSI after
spinal surgery between these two AMP regi-
mens. However, the above finding is consistent
with previously published studies. As men-
tioned previously, Barker performed a meta-
analysis of six RCTs in order to evaluate the role
of AMP in spinal surgery. A subgroup analysis of
these studies failed to demonstrate a greater
benefit of prophylaxis when postoperative doses

were added to a single preoperative dose [19].
Furthermore, a large meta-analysis of 28 RCTs
comparing preoperative and extended AMP in
the setting of major surgery also failed to
demonstrate superiority of extended AMP over
preoperative only regimens [20]. Although the
findings of this meta-analysis and the previous
literature cannot definitively answer the ques-
tion of whether extended postoperative AMP
provides additional benefit over preoperative
only AMP during spinal surgery, it contributes
significantly to the existing state of knowledge
by providing more evidence that preoperative
AMP alone may be sufficient to decrease the risk
of SSI.

This is a valuable observation related to the
high costs of SSI, the association of antibiotic
use with increasing antimicrobial resistance,
and related morbidity such as C. difficile colitis.
Attributable costs per spinal SSI range from
US$15,000 to upwards of US$100,000
[7, 11, 71–78]. Notably, the costs incurred from
SSI after spinal surgery are greater than the
reported additional expenditures required for
the average surgical patient who experiences SSI
[79, 80].

In terms of SSI and the potential for AMR,
most infections reported in the included studies
were, unsurprisingly, due to organisms related
to skin flora, and included infections with
S. aureus and coagulase-negative Staphylococcus
species. Infections with E. faecalis and gram-
positive bacillus were also observed. Interest-
ingly, among those studies that commented on
antimicrobial patterns, resistant organisms,
such as MRSA, were cultured in six of fifteen
patients treated with extended AMP and in zero
of four patients who only received preoperative
AMP. Clearly, the numbers of patients in these
two groups are low, and, thus, meaningful sta-
tistical inference is impossible. Furthermore, the
patients were not randomized and it is possible
that patients with increased risk for developing
infection from resistant organisms may have
also been more likely to receive extended AMP.
However, despite these limitations, this obser-
vation is concerning given emerging antibiotic
resistance patterns. The potential to reduce
AMR infections by minimizing the duration of
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perioperative AMP should continue to encour-
age additional, high-quality research.

It is incumbent upon all surgeons to endea-
vor to prevent SSI and AMR emergence by
exercising conservative caution when using
perioperative AMP. To date, surgeon adherence
to recommended guidelines often deviates sig-
nificantly in practice, especially with regard to
how long AMP is extended into the postopera-
tive window [81–83]. This variation in prophy-
lactic care is secondary to numerous factors,
including instrumentation use, surgical com-
plexity, and patient comorbidity status
[9, 16, 52], but can also result from institutional
guidelines or surgeon discretion [28, 52]. This
lack of homogeneity in AMP in spinal surgery is
unsurprising given the historically contradict-
ing recommendations made regarding exten-
sion of AMP into the postoperative window
[6, 16, 29, 52, 53, 67], and highlights the need
for this systematic review and meta-analysis. It
is important to weigh the real risk of antimi-
crobial resistance against a perceived, yet sci-
entifically unsupported, benefit of continuing
antibiotics postoperatively. These considera-
tions aided the authors in developing the rec-
ommendation that AMP should not be
continued postoperatively in uncomplicated,
adult patients during spinal surgery.

However, it is difficult to generalize the
results of this meta-analysis to all spinal surgery
patients because of the complex interaction
between patient-related risk factors, surgical
complexity, and other unmeasured factors,
particularly in complicated cases. In order to
help address this uncertainty, we performed
stratified meta-analyses. Most of the studies did
not report the rates of SSI among various related
medical comorbidities; therefore, the types of
stratified analyses that could be carried out were
limited. However, stratification was possible
according to whether instrumentation was
implanted. Patients undergoing instrumented
spinal fusion are subjected to a higher risk of
postoperative infection due to longer operative
time, increased procedure complexity, and the
implantation of a foreign body [15, 16, 61]. As
expected, the rate of SSI in patients following
instrumented spinal surgery was nearly twice
that observed in patients following non-

instrumented spinal surgery. However, we did
not find a significant benefit of extended AMP
over preoperative only AMP in patients either
undergoing instrumented spinal surgery or in
those undergoing non-instrumented spinal
surgery.

Overall, the strengths of this study make its
findings noteworthy for spine surgeons. First,
the inclusion criteria concerning the study
design were strict. In particular, each study was
required to have a near equivalent comparison
group which allowed for more accurate effect
estimates between the two AMP protocols. This
is highlighted in Kanayama et al.’s [51] cohort
study in which the investigators identified a
potential self-imposed limitation to their study:
the definition of SSI required surgical treatment
of the wound. Since the majority of SSIs were
superficial and managed with conservative
therapy, the reported rate of SSI for both treat-
ment arms may be underestimated. However,
since the same definition was utilized for both
treatment arms, the relative rate of SSI between
the two groups may actually be accurately
reflected, despite the conservative nature of the
definition itself. But, this may not necessarily be
the case. Preoperative AMP may have a different
effect on SSI requiring surgical intervention
when compared to extended postoperative
AMP, and this presents an opportunity for bias
in this meta-analysis. Also, since Kanayama
et al. provided data for the primary analysis and
both subgroup meta-analyses, this confounding
could extend throughout the study.

The internal validity of this review was high
secondary to assessment with funnel plots and
Egger’s test, which both failed to identify pub-
lication bias. Since this meta-analysis found a
non-significant result, the publication of further
non-significant studies on this topic would only
lend greater support to our current findings,
making publication bias of little concern to the
authors. Additionally, there was no hetero-
geneity present among the five studies. Taken
together, these results support the internal
validity of the results reached in this meta-
analysis. With that said, however, the external
validity of this study may be called into ques-
tion. It is important to note that weaknesses of
this meta-analysis and its methodology are
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mutually exclusive to the limitations of the
included studies. One weakness of the present
study is the generalizability of results. This
study aimed to report on the efficacy of tem-
porally variable perioperative AMP in spinal
surgery at any level. However, 96.2% (2717/
2824) of patients underwent spinal operations
confined to the lumbar spine. Stratification of
the 107 patients undergoing either cervical or
thoracic operations was not possible because of
the small sample size. Although unlikely, it is
possible that cervical, thoracic, or coccygeal
procedures experience different SSI rates under
different perioperative AMP protocols. Addi-
tionally, there was not enough data provided to
conduct further subgroup analyses on patient
comorbidity status, which may impact SSI out-
comes concerning AMP duration. We were able
to stratify based on instrumentation use, but
these subgroup analyses were hindered by the
same limitations detracting from the primary
meta-analysis. There were also differences
between studies in the length of AMP prescribed
based on individual surgeon preference. Thus,
although there was no evidence supporting the
extensions of AMP postoperatively for either
instrumented or non-instrumented patient
subgroups, decisions regarding a patient’s risk of
SSI and whether antibiotic prophylaxis is nee-
ded following surgery must be made on an
individual basis until more data becomes
available.

There were several limitations of the studies
included in this review and meta-analysis that
should be considered separately from the meta-
analysis itself. The GRADE quality of evidence
score for the overall included data ranged from
low [48] to moderate [46] quality, which was
primarily related to their observational and
often retrospective nature [10, 19–21], as the
authors were unable to control for unmeasured
confounding and bias. Since the RCT [27] was
not blinded, investigators were aware of the
AMP protocol administered to each patient and
bias could arise from increased observation and
surgical performance. The majority of included
studies were underpowered with relatively small
sample sizes, increasing the likelihood of type II
error and limiting the ability to detect signifi-
cant differences in SSI rates between the

different AMP protocols. Most studies failed to
include explicit and objective definitions of SSI,
including those for superficial and deep SSIs;
the criteria in which SSI was diagnosed; or who
was making these decisions. One study followed
guidelines set forth by the CDC [28]. Another
study required positive wound cultures and/or
the attending surgeon’s clinical impression of
typical infectious signs that led to additional
surgical intervention [51]. Meanwhile, others
did not mention their criteria for defining and
diagnosing SSI [33]. Although some studies
stated what individuals were making these
clinical decisions, possible sources of bias,
especially for the prospectively collected data-
bases and RCT, could arise. In particular, if the
prospective studies failed to have a third-party
record their data, observer bias could occur if
the investigators knew which patients received
which AMP protocol. At the same time, the
retrospective studies could be biased since the
authors had no control over data collection.
Similarly, the follow-up observational period for
SSI identification demonstrated considerable
variation among studies and ranged from
within 30 days [47] to 6 months [50] and longer
[48] to unspecified follow-up times [50]. This
review did not exclude studies based on antibi-
otic type used or changes in antibiotic admin-
istered during treatment. The timing of initial
preoperative AMP administration and the
length of postoperative AMP duration in the
extended postoperative groups also demon-
strated significant temporal heterogeneity both
within and between studies, ranging from
within 30 min prior to skin incision to 10 days
postoperatively [27, 28, 51]. The timing of
perioperative AMP was either unknown or not
reported by Dobzyniak et al. and Khan et al.
[33, 52]. Hellbusch et al. [27] statistically asses-
sed the impact of demographic factors, comor-
bidities and past surgical history, and operative
variables on the outcome of SSI development,
finding no associations of statistical signifi-
cance. No multivariate analyses were conducted
in any of the included studies. The considerable
variability in defining, diagnosing, and report-
ing SSI; the inconsistency in the postoperative
observational period; and the inconsistency in
preoperative and extended postoperative
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extended AMP somewhat diminish the validity
of this meta-analysis.

These strengths and weaknesses were suc-
cinctly enumerated and tallied by the GRADE
Working Group scoring system in the results
section. As a result of the relative novelty of the
GRADE approach and the very low to moderate
quality of evidence scores awarded to the
included studies, the GRADE scoring system
deserves further mention here. The GRADE
approach is currently regarded as one of the
most effective and unequivocal scoring meth-
ods to systematically connect evidence-quality
evaluations to degree of efficacy for clinical
recommendations [44]. This underlies one of
the primary reasons why the GRADE approach
is valuable in improving clinical practice: its
scoring system transparently separates decisions
regarding evidence quality from decisions eval-
uating recommendation strength [45]. In other
words, studies with high quality evidence do
not always indicate strong clinical recommen-
dations, and strong clinical recommendations
can sometimes be drawn from studies with low
quality evidence [45]. Therefore, despite the
average low quality of evidence scoring assigned
to the included studies through the GRADE
system in this review, the statistically null result
reported in the present analysis and its associ-
ated clinical recommendation to provide spinal
surgery patients with preoperative AMP only
should give pause to spinal surgeons,
nonetheless.

The authors also believe that certain qualities
of the GRADE scoring system led to artificially
low scores among the included articles. Firstly,
the GRADE scoring approach is partial towards
studies that demonstrate statistical significance.
All included studies failed to demonstrate sta-
tistically significant results, and this con-
tributed to their overall low quality of evidence
scores through poor scoring in two of the five
categories of the GRADE scoring system: effect
size and consistency. Effect size awards
increasing points when every included study
reports large, unidirectional magnitudes of
effect. Meanwhile, consistency assigns points to
studies that are characterized by dose response
patterns, either between or within studies.
Magnitude of effect and dose response are two

of Hill’s criteria for causality [84] and are desir-
able if, in reality, there is a difference in effect
between treatment arms. However, their inclu-
sion in the GRADE scoring methodology
assumes that the true and desirable outcome is
always statistically significant. It is pertinent to
remember that statistical significance and clin-
ical significance are distinguishable, and statis-
tically insignificant results can impact care in
clinically meaningful ways. Given the clinical
significance of our null result and its potential
to reduce unnecessary medical expenditures
and decrease risk of AMR development, it is
appropriate here to highlight these
shortcomings.

An additional issue brought on by the
GRADE approach that contributes to the overall
low quality of evidence scores is the explicit
value placement on study design. Specifically,
the GRADE scoring system allocates four points
to RCTs and two points to observational studies,
reflecting the old adage that RCTs are the ‘‘gold
standard’’ of research. However, the sample size
necessary for an RCT to establish statistical sig-
nificance is prohibitively large in SSI studies in
spinal surgery. For example, the investigators
[27] who conducted the only RCT included in
this meta-analysis hesitated to make clinical
recommendations secondary to their small
sample size of 233 patients. Utilizing the low SSI
rates experienced by patients in their study and
the small effect size difference in proportions
(ES = 0.074), they performed a power calcula-
tion to determine the sample size that would
have been required to obtain statistically sig-
nificant results. They found that 1400 patients,
a study population six times greater than their
original sample size, would be required to
establish statistical significance in comparing
SSI rates in patients receiving preoperative AMP
to those receiving extended postoperative ther-
apy at the desired power. Additionally, Dimick
et al. [26] further justified the impracticality of
conducting adequately powered RCTs on SSI
development and perioperative AMP in spinal
surgery and the notable risk of making a type II
error when not enough patients are enrolled.
They demonstrated that 474, 988, and 2518
patients would be required to detect baseline SSI
rates of 10%, 5%, and 2%, in each treatment
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group, respectively, of an RCT with 80% power
to detect a 50% reduction in SSI through peri-
operative AMP in spinal surgery. Therefore, it
was highly unlikely that RCTs would have been
available for this meta-analysis because of the
exorbitant costs required to enroll enough
patients to ensure adequate power. Thus, the
relative ease of identifying patients for a large
observational study may, in the case of investi-
gating SSI rates in spinal surgery, make obser-
vational data more meaningful than data from
small RCTs. However, this is not reflected in the
GRADE approach, which broadly penalizes
observational studies when, in this clinical
application, they are actually the best option for
finding statistically significant results, especially
given the low incidence of SSI in spinal surgery
[85]. This meta-analysis benefited from the rel-
atively large sample sizes provided by the
majority of the included observational studies.
The GRADE scoring system aims to objectively
evaluate a research process in which investiga-
tors must invariably make subjective decisions.
Researchers and practitioners must consider the
need for flexibility in the interpretation of such
evaluative methods in order to adapt to the
unique challenges of conducting research in
particular medical and surgical specialties.

In light of these deficiencies, the authors of
this review endorse the validity of the present
analysis despite the low GRADE evidence qual-
ity scores assigned to the included studies. This
is evidenced by the strong strength of recom-
mendation GRADE scores awarded to four of
the five included studies, emphasizing the
importance of the research context and the
discrepancy between statistical and clinical sig-
nificance. Therefore, the evidence utilized for
this review and analysis, although evaluated to
be of moderate to poor overall quality, still
provides useful, evidence-based clinical recom-
mendations that have the potential to impact
current practices as spinal surgeons still com-
monly extend perioperative AMP based on
personal discretion. Therefore, the recommen-
dation set forth by this systematic review and
meta-analysis is strong according to the GRADE
scoring system.

CONCLUSION

A meta-analysis of comparative clinical trials
investigating the development of SSI in 2824
adult spinal surgery patients, receiving either
preoperative or extended postoperative AMP,
revealed that SSI occurred in 1.4% of all cases.
Analysis of the collective data demonstrated no
statistical difference between the temporally
variable AMP protocols, suggesting that preop-
erative AMP without extended postoperative
therapy is clinically equivalent to extended
postoperative AMP. Subgroup analyses also
failed to demonstrate statistical significance in
SSI development between the different periop-
erative AMP protocols between instrumented
and non-instrumented spinal surgery and in the
dermal level of SSI origin. Postoperative AMP
appears unnecessary for spinal surgery given its
increased medical costs and risk for AMR
development from gratuitous prophylaxis.
However, higher-quality data are needed to
determine the theoretically optimal periopera-
tive AMP regimen. As a result of the low inci-
dence of SSIs, the high percentage of patients
who underwent lumbar region surgery, the
inability to stratify results by patient comor-
bidity, and heterogeneity between study proto-
cols regarding AMP use, the results found in
these studies may not be generalizable to a lar-
ger patient population.

Surgeons should use their clinical judgment
in prescribing the correct prophylaxis for their
patients while keeping in mind the real medi-
cal, financial, and societal costs of unnecessary
antibiotic use. Related to the low incidence of
SSI in spinal surgery, future studies of periop-
erative AMP duration in this surgical subspe-
cialty should either be adequately powered
RCTs or large prospective observational studies.
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