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A B S T R A C T   

Background: Surgical site infection (SSI) is common in colorectal surgery patients and associated with morbidity 
and mortality. Guidelines recommend preoperative intravenous antimicrobial prophylaxis with aerobic and 
anaerobic coverage to reduce SSI risk. Cephalosporin based prophylaxis (CBP) regimens are recommended as 
first-line prophylaxis, and non-cephalosporin based are recommended as alternative prophylaxis (AP). We 
evaluate the efficacy of CBP versus AP in preventing surgical site infections in colorectal surgery patients. 
Methods: A systematic review and meta-analysis was conducted of studies published between 2005 and 2020 in 
MEDLINE and Web of Science. Studies were excluded if intravenous antimicrobial prophylaxis was not admin
istered, or if oral and intravenous prophylaxis were routinely co-administered. Heterogeneity was reported using 
the Q-statistic and I2-statistic. Publication bias was evaluated using a funnel plot and Egger test for small study 
effects. Statistical significance was defined as a two-sided p < 0.05. 
Results: 11 studies met inclusion criteria. AP was not associated with increased SSI risk at 30 days compared to 
CBP (OR 1.01, 95% CI 0.91, 1.13; OR < 1 favors AP). There was no effect size variability in subgroup analysis 
comparing higher-to lower-quality studies (I2 = 99%, P = 0.17). Subgroup analysis by publication year 
approached a significant difference in effect size between studies published prior to 2014 and later than 2014 (I2 

= 99%, P = 0.06). 
Conclusions: Meta-analysis of 11 studies of SSI risk in adult colorectal surgery patients suggest that SSI risk is 
similar for patients receiving CBP or AP, subgroup analysis of studies published since 2014 suggest increased SSI 
risk with AP compared to CBP.   

1. Introduction 

Surgical site infections (SSI) are defined by the Centers for Disease 
Control as infections affecting the superficial or deep incision space or 
organ space of the operative site occurring within 30 days of a surgical 
procedure [1]. Despite significant advances in surgical protocols aimed 
at reducing SSI incidence, SSIs remain significant contributors to 
morbidity and mortality in surgical populations [2]. Patients 

undergoing colorectal surgery suffer one of the highest postoperative SSI 
rates, with reported incidence ranging from 3 to 28% [3,4]. 

The 2013 American Society of Health-System Pharmacists (ASHP) 
Therapeutic Guidelines on Antimicrobial Prophylaxis in Surgery rec
ommended administering preoperative intravenous antimicrobial pro
phylaxis with both anaerobic and aerobic coverage for adult colorectal 
surgery procedures. However, while the guidelines suggest 
cephalosporin-containing regimens as first-line, they also state that the 

Abbreviations: RCT = Randomized Control Trial, RC = Retrospective Cohort; PC = prospective Cohort, CC = case control; PD=Percent Difference, AD = Adjusted 
Difference; OR=Odds Ratio, RR = Relative risk. 
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“the optimal choice of antimicrobial agent has not been fully resolved” 
[5]. While prior studies have evaluated the optimal timing and fre
quency of intravenous antimicrobial dosing in this population, few 
studies have compared the effectiveness of cephalosporin-based pro
phylaxis regimens (CBP) to the alternative non-cephalosporin-based 
regimens (AP) that are recommended for SSI prevention. Furthermore, 
no systematic reviews or meta-analyses have been published on this 
topic over the past two decades, and certainly none since the widely 
used 2013 ASHP guidelines were widely integrated into clinical practice 
[6]. Thus, the equivalent efficacy of first line and alternative intravenous 
antimicrobial prophylaxis remains uncertain, despite the ASHP recom
mendations for intravenous antimicrobial prophylaxis for the colorectal 
surgery population. This question remains unresolved, even as the 
literature has moved on to new questions regarding the benefits of 
adjunctive oral antimicrobials and bowel preparation in SSI reduction 
[7]. 

In this systematic review and meta-analysis, the 30-day odds of 
acquiring SSI were compared between adult patients receiving preop
erative intravenous CBP versus AP in advance of elective colorectal 

surgery procedures. 

2. Methods 

This systematic review and meta-analysis was registered by PROS
PERO and conducted per PRISMA guidelines. It was deemed exempt for 
review by the Hamilton Integrated Research Ethics Board. A systematic 
literature search of studies published in English between 2005 and 2020 
was performed between August 3–5, 2020 using MEDLINE and Web of 
Science per study protocol. The complete list of search terms, including 
MeSH terms and standardized language, can be found in Appendix A. 
Literature was compiled using Covidence (www.covidence.org). 
Observational cohort studies, case-control studies, and randomized 
controlled trials of adults undergoing clean-contaminated elective 
colorectal surgery procedures who received preoperative intravenous 
antimicrobial prophylaxis adhering to standard CDC NHSN definitions 
for SSI and procedure wound class reporting were included [1]. Studies 
were excluded if preoperative antimicrobial prophylaxis was not 
administered, or if oral and intravenous antimicrobial prophylaxis were 

Fig. 1. PRISMA diagram of studies included in this systematic review and meta-analysis.  

A.N. Bowder et al.                                                                                                                                                                                                                              

http://www.covidence.org


Annals of Medicine and Surgery 67 (2021) 102401

3

routinely co-administered. Duplicate studies identified by Covidence 
were removed. Remaining study titles and abstracts were screened for 
eligibility by two reviewers with a third reviewer resolving 
discrepancies. 

Following screening, two reviewers completed full-text appraisal and 
used a standardized chart to enter data from eligible studies. Study 
quality was assessed using Jadad Scale for randomized control trials and 
Newcastle-Ottawa Scale for observational studies, and an agglomerate 
score created for ease of analysis such that RCTs that were originally 
scored on the Jadad score (i.e. 5 out of 5) had their scores translated to 
an equivalent score (i.e. 9 out of 9) on the Newcastle-Ottawa scoring 
system [8,9]. Microsoft Excel was used to calculate the standardized 
study metameter (log odds ratio). 

STATA 16 was used to perform the meta-analysis, including cumu
lative meta-analyses, a priori subgroup analyses, meta-regressions, and 
sensitivity analyses. Treatment effects were reported as SSI odds ratios 
with 95% confidence intervals. Between-study and between-subgroup 
heterogeneity was reported using Q-statistic and I2-statistics. Publica
tion bias was evaluated using a funnel plot and Egger test for small study 
effects. Statistical significance was defined as a two-sided P < 0.05. 

3. Results 

Using MEDLINE and Web of Science searches 1253 studies were 
identified. Of these, 278 were duplicates and 975 studies were screened 
for inclusion (Fig. 1). 791 of 975 were excluded because they did not 
meet inclusion criteria after title and abstract screening. The remaining 
184 studies underwent full-text eligibility review, of which 144 were 
excluded; 46 (32%) due to incorrect SSI outcome, 36 (25%) due to 
incorrect intervention, and 35 (24%) because the study design was not 
amenable to data extraction for this meta-analysis. The remaining 27 
(19%) were excluded for other reasons including non-English language, 
comparison of intravenous to oral antimicrobial prophylaxis, or lack of 
full text availability. 

The 40 remaining studies were eligible for full-text review and data 
abstraction, of which 29 were excluded: 16 (53%) for including a 
different comparator (ie. oral antimicrobial or no antimicrobial pro
phylaxis at all), 4 (13%) for incomplete data, and 10 (33%) for other 
reasons (Fig. 1). A total of 11 studies met criteria for inclusion in the 
meta-analysis [4,10–18]. Characteristics of all 11 studies that under
went data extraction are presented in Table 1. A total of 102,277 colo
rectal surgery patients comprised the combined study population. The 
nine observational studies included in the meta-analysis scored either 6 
or 7 of 9 possible points on the Newcastle-Ottawa quality scale. This 
translated into three ‘good’ studies (Kuriakose, Ho, Fan) on the AHRQ 
scale [11,14,18]. The remaining six were fair studies per the AHRQ scale 
(Hawn, Baatrup, Eagye, Branch-Elliman, Branch-Elliman, Poeran) due 
to low scores in the outcome exposure domain, and none were consid
ered of poor quality [4,12,13,16,17]. None of the nine observational 
studies reported that SSI assessment was blinded to the type of antimi
crobial prophylaxis administered, and only three studies (Kuriakose, Ho, 
Fan) clearly reported that all subjects were evaluated for SSI following a 
full 30-day follow-up period [11,14,18]. Only two studies (Eagye, Fan) 
clearly reported that the infection was not present at the beginning of 
the study [4,18]. The two clinical trials included in this meta-analysis 
scored 5 out of 5 possible points on the Jadad scale and were consid
ered high quality. 

Our primary meta-analysis found no difference in the 30-day SSI risk 
between the AP and CBP groups (odds ratio [OR] 1.01, 95% confidence 
interval [CI] 0.91, 1.13; where OR < 1 favors AP, Fig. 2). There was 
considerable heterogeneity between studies, with an I2 value of 99% (P 
< 0.001), but no obvious outliers. 

Cumulative meta-analysis of effect size by descending publication 
quality demonstrated a statistically non-significant trend associating 
higher study quality with greater effect size, as demonstrated by odds 
ratios further from the null (Fig. 3a). Cumulative meta-analysis of effect Ta
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size by ascending publication year demonstrated a statistically non- 
significant trend associating later study publication with smaller effect 
size (Figure 3b). Cumulative meta-analysis trends were used to derive 
cutoffs for subsequent pre-defined subgroup analyses. 

Subgroup analysis by publication year approached a significant dif
ference in effect size between studies published prior to 2014 and those 
published in 2014 and later (I2 = 99%, P = 0.06) Fig. 4b). Subgroup 
analysis of studies published 2014 and later had a larger effect size 
associated with AP (OR 1.12 95% CI 1.05, 1.19), favoring CBP in 
reducing SSI risk. Subgroup analysis by study quality demonstrated no 
significant variability in effect size between higher-quality and lower- 
quality studies, with significant heterogeneity of effect size within the 
higher-quality group (I2 = 80%, P=0.02) and the lower-quality group 
(I2 = 99%, P<0.001) but no difference in subgroup means between the 
higher- and lower-quality groups (P = 0.17, Fig. 4a). Additional sub
group analyses by AP type, carbapenem versus other AP (OR 1.01, 95% 

CI 0.91, 1.13 Fig. 5) demonstrated a non-significant within-group and 
between group heterogeneity of effect size (I2 = 99.20, P = 0.07). 

Meta-regression by study quality did not demonstrate a significant 
trend towards higher-quality studies having a larger effect size (log
OR¼-0.04, 95% CI -0.16, 0.07, P=0.45, Fig. 6). Bias analysis using 
funnel plot did not show significant evidence of a missing study effect, 
with Egger test P-value 1.0, though some small-sized population studies 
may be missing (seeFig. 7). 

4. Discussion 

Administration of preoperative intravenous antimicrobial prophy
laxis is standard of care for elective colorectal surgery patients to reduce 
30-day SSI risk, however in addition to the gold-standard CBP regimens, 
a variety of AP regimens are endorsed by the 2013 ASHP consensus 
guidelines [5]. The inclusion of multiple options reflects financial 

Fig. 2. Meta-analysis of the odds ratio comparing AP to CBP for clean or clean-contaminated elective colorectal surgery prophylaxis for SSI risk at 30 days. Our 
primary meta-analysis found no difference in the 30-day SSI risk between the AP and CBP groups (odds ratio [OR] 1.01, 95% confidence interval [CI] 0.91, 1.13; 
where OR < 1 favors AP. 

Fig. 3. Fig. a (left). Cumulative meta-analysis of effect size by study quality demonstrated a statistically non-significant trend associating higher study quality with 
greater effect size, as demonstrated by odds ratios further from the null. Figure 3b (right). Cumulative meta-analysis of effect size by study publication year 
demonstrated a statistically non-significant trend associating later study publication with smaller effect size. 
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considerations, variability of regional antibiograms, and the need to 
provide alternatives for patients who report allergies and intolerances to 
specific antimicrobials. However, a growing body of cross-disciplinary 
evidence suggests that people reporting cephalosporin or penicillin al
lergies and receive AP regimens have worse clinical outcomes [19], 
possibly due to receiving less effective antimicrobial prophylaxis. While 
our meta-analysis found no difference in 30-day SSI risk between adult 
colorectal surgery patients receiving AP and CBP (OR 1.01, 95% CI 0.91, 
1.13), included studies had significant heterogeneity of effect size. 

Pre-defined subgroup analyses resulted in two important observa
tions. First, the subgroup of studies published 2014 and later had a 
larger effect size associated with AP (OR 1.12 95% CI 1.05, 1.19), fa
voring CBP in reducing SSI risk. This finding could reflect the higher 
quality of more recent studies, as the Poeran study was the only lower- 
quality study included in this group. Changing antimicrobial resistance 
patterns over time could also explain the apparent differences in effec
tiveness of cephalosporin antimicrobial regimens over time, or differ
ences in specific types of CBP or AP used over time. Data from later 
studies could also reflect a turning point in implementation of guideline- 
based bundled perioperative SSI reduction strategies that could influ
ence interpretation of our results. The apparent increased risk of SSI in 
2014 and later studies among patients receiving AP compared to CBP 
warrants further investigation to determine whether this results from 
changing antimicrobial resistance patterns. 

Second, the subgroup analysis comparing the broad-spectrum car
bapenem AP antimicrobial ertapenem to other types of AP suggested a 
lower risk of SSI when ertapenem was used as AP than for other AP 
regimens. Although the Leng study demonstrated an apparent benefit to 
using ertapenem AP instead of CBP in this population, this finding was 
not corroborated across studies that included carbapenems as an option 
for AP. Thus, the decision to include carbapenems for routine AP use 
should be balanced against antimicrobial stewardship efforts to avoid 
accelerating the development of antimicrobial resistance. 

An important strength of this meta-analysis is the large total number 
of patients included, comprising over 102,177 colorectal surgeries. In 
addition, the included studies were of moderate- or high-quality, 

reducing the influence of bias from low quality studies. Furthermore, 
eligible studies were identified using two comprehensive databases - 
MEDLINE and Web of Science - to ensure all relevant studies would be 
captured. We limited the search period to 2005–2020 to accurately 
reflect current antimicrobial prophylaxis practices in colorectal surgery 
following widespread implementation of routine enhanced recovery 
after surgery (ERAS) protocols in 2005, ensuring the relevance of meta- 
analysis results to current practice. 

Two important limitations of our study include the inherent 
subjectivity of quality assessment, such that included studies might have 
been perceived as high-quality by our reviewers despite true study 
biases. This risk for bias was reduced by designating repeat quality 
assessment by multiple reviewers using validated scoring systems. 
Delineating case mix (elective versus urgent) for some studies also pre
sented a challenge. Though all study methods sections published 
whether they included urgent/emergent, non-elective, or non-colorectal 
cases, not all authors clearly reported the proportion of each case type 
when reporting the SSI outcome. To improve clarity in this regard, and 
ensure the meta-analysis included only elective cases, authors of 
included studies were contacted as required, and proportions were 
clarified as best as possible by antimicrobial prophylaxis type and SSI 
outcome. On the other hand, during our initial search for studies in the 
elective colorectal surgery population, we excluded studies conducted 
solely in urgent/emergent case populations. It is possible that this search 
strategy may have missed or excluded some studies reporting on both 
urgent/emergent and elective cases due to lack of clarity on study 
population in the title and abstract. 

An additional limitation of this meta-analysis is potential variation in 
effectiveness between different AP and CBP regimens, which was not 
reported by most included studies and could have led to significant 
heterogeneity in SSI risk by specific prophylactic regimen, biasing the 
effect size towards the null hypothesis of no difference in SSI risk be
tween AP and CBP groups. We would expect this effect to be more sig
nificant in the AP group, which has a wider variety of prophylaxis 
options, compared to the CBP group, which consists of fewer regimens 
with similar spectra of coverage. Another limitation inherent to the 

Fig. 4. Fig. 4a (left) Subgroup analysis of effect size by study quality showed significant heterogeneity of effect size within the higher-quality group (I2 = 80%, 
P=0.02) and the lower-quality group (I2 

= 99%, P<0.001) but no difference in subgroup means between the higher- and lower-quality groups. 4b (right) Subgroup 
analysis of effect size by publication year approached a significant difference in effect size between studies published prior to 2014 and those published in 2014 and 
later (I2 = 99%, P = 0.06). 
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meta-analysis study design is difficulty adjusting for covariates that 
could impact SSI risk including the type of pre-operative skin prepara
tion, the use of oral antimicrobials, surgical approach, etc. This high
lights the need for further study via randomized control trials that 
explicitly randomize to equally distribute confounding variables, to 
more clearly compare the effectiveness of AP with CBP. Finally, it is 
important to recognize that the larger studies in this analysis could have 
had a larger impact on the final results. Future studies should compare 
standardized AP and CBP regimens to ensure the effect is not diluted by 
variations in prophylaxis regimen within each group, particularly in the 
heterogeneous AP group. Additional randomized controlled trials and 
better-controlled observational studies are needed to further evaluate 
trends towards decreased SSI risk in CBP compared to AP groups seen in 
more recent, higher-quality studies, so as to clarify if the CBP and AP 
regimens truly share equivalent efficacy in SSI prevention among elec
tive colorectal surgery patients. 

5. Conclusion 

A meta-analysis of 11 studies involving 102,277 adult colorectal 
surgery patients demonstrated no difference in 30-day SSI rates between 
those receiving AP and CBP preoperative antimicrobial prophylaxis. 
Studies published from 2014 and later demonstrate higher SSI risk in 
patients receiving AP compared to those receiving CBP. Randomized 
controlled trials and better-controlled observational studies are needed 
to determine optimal preoperative antimicrobial prophylaxis in this 
population to minimize SSI risk. 
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Fig. 5. Subgroup analysis of effect size by alternative antimicrobial prophylaxis type: carbapenem versus other alternative prophylaxis demonstrated non-significant 
within-group and between group heterogeneity of effect size. 
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Appendix A. Search Terms 

This systematic literature search was designed to identify as many 
relevant online published studies possible comparing the risk of surgical 
site infection (SSI) in patients undergoing elective clean-contaminated 
colorectal procedures who received either cephalosporin based antimi
crobial prophylaxis versus those who did not, using Medline and Web of 
Science database. The last search was carried out on August 3rd, 2020. 
The bibliographies of the studies and related reviews were included for 
additional references. The following search terms were used in several in 
the aforementioned databases: 

Web of Science. 
TS=((surgical OR wound OR postoperative OR “post operative”) 

NEAR/3 infection*) 
AND. 
TS=(“antibacterial” OR “antimicrobial*" OR “anti biotic*" OR 

“antimicrobial” OR “prophylaxis”) 
AND. 
TS=((colon OR colorectal OR rectal) NEAR/3 (surg* OR resection* 

OR ostomy*)) 
Medline. 
(“surgical wound infection" [MeSH Terms] OR surgical site 

infection*[tiab] OR wound infection*[tiab]) 
AND. 
(“Antimicrobial Prophylaxis" [Mesh] OR “Anti-Bacterial Agents" 

Fig. 6. Bubble-plot showing metaregression on study quality did not demon
strate a significant trend towards higher-quality studies having a larger ef
fect size 

Fig. 7. Funnel plot bias analysis did not show significant evidence of a missing 
study effect with Egger test P-value 1.0. 
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[Mesh] OR “Anti-Bacterial Agents" [Pharmacological Action] OR anti
bacterial [tiab] OR antimicrobial*[tiab] OR antimicrobial [tiab]) 

AND. 
(“Colorectal Surgery" [Mesh] OR “Colorectal Neoplasms/surgery" 

[Mesh] OR “Colectomy" [Mesh] OR colectom*[tiab] OR “colon cancer” 
OR “colon neoplasm” OR “rectal cancer” OR “rectal neoplasm” OR 
“colorectal cancer” OR “colon/rectum adenocarcinoma” OR “adenoma” 
OR “unresectable polyp” OR “inflammatory bowel disease” OR “crohn’s 
disease” OR “crohn’s colitis” OR “ulcerative colitis” OR “diverticulitis” 
OR “diverticular stricture” OR “perforated diverticulitis” OR “hinchey” 
OR “Ileocecectomy” OR “right hemicolectomy” OR “partial colectomy” 
OR “left hemicolectomy” OR “subtotal colectomy” OR “sigmoid resec
tion” OR “anterior resection” OR “low anterior resection” OR “abdom
inoperineal resection” OR “hartmann’s procedure” OR “colostomy” OR 
“colostomy reversal OR ((surger*[tiab] OR operative [tiab]) AND (colon 
[tiab] OR colorectal [tiab]))) 
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