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A Network Meta-Analysis and GRADE Assessment
of the Effect of Preoperative Oral Antibiotics with
and Without Mechanical Bowel Preparation on
Surgical Site Infection Rate in Colorectal Surgery
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and Marja A. Boermeester, MD, PhD*t

Objective: To compare the effect of different methods of bowel preparation on the incidence of surgical site infections (SSI), \
anastomotic leakage (AL), and mortality in patients undergoing elective colorectal surgery.

Background: Recent guidelines advise mechanical bowel preparation with oral antibiotics (MBP-OA) for the prevention of SSI in
colorectal surgery. Recent trials suggest oral antibiotics (OA) alone may be sufficient.

Methods: PubMed, MEDLINE, and Embase were searched from inception until 10-08-2021. We included randomized controlled
trials (RCTs) comparing multiple methods of bowel preparation (mechanical bowel preparation [MBP], OA, MBP-OA, or no prepa-
ration) with regards to clinical outcomes such as incidence of SSI, AL, and mortality rates. A frequentist random-effects network
meta-analysis was conducted to estimate the network effects of the different treatment options.

Results: We included 48 studies with 13,611 patients. Compared to no preparation, combined direct and indirect network estimates
showed a relative risk (RR) for SSI of 0.57 (95% confidence interval [Cl], 0.45-0.72) for MBP-OA, 0.68 (95% ClI, 0.49-0.95) for OA,
and 1.05 (95% Cl, 0.87-1.26) for MBP. The RR for MBP-OA compared to OA was 0.84 (95% Cl, 0.60-1.19); in sensitivity analysis of
mainly laparoscopic procedures this effect of MBP-OA was more profound (RR, 0.56; 95% CI, 0.31-0.99).

Conclusions: This network meta-analysis of RCTs finds that both mechanical bowel preparation with oral antibiotics and oral
antibiotics alone are comparably effective in the prevention of SSI. The evidence is uncertain about the relative benefit of MBP-OA

compared to OA alone. Therefore, it seems justified to use either of the 2 for the prevention of SSI in colorectal surgery.
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INTRODUCTION

Surgical site infections (SSI) and anastomotic leakage (AL) are
serious complications after colorectal surgery and are asso-
ciated with high morbidity, mortality, and costs.! Incidence
of 5% to 25%"? for SSI and 3% to 12%3%* for AL have been
reported. Bowel preparation may prevent a large proportion of
SSI and can be performed using mechanical bowel preparation
(MBP), oral antibiotics alone (OA), and a combination of both
(MBP-OA).

Recent guidelines for the prevention of surgical site infec-
tion by the World Health Organization (WHO) and National
Institute for Health and Care Excellence (NICE) recommend the
combination of OA and MBP and advise against the use of MBP
alone.>* Recommendations are based on multiple systematic
reviews”® directly comparing the effect of multiple treatment
modalities pairwise. Nonetheless, the recommendations are
controversial.”!® MBP is associated with possible harms, such as
dehydration and great discomfort.!! Patients treated with MBP
are sometimes admitted early to the hospital to complete prepa-
ration. Furthermore, few randomized controlled trials (RCTs)
study the effect of OA alone (without MBP). Therefore, the
added effect of MBP on OA is unclear.

Regular pairwise meta-analyses compare 1 intervention
directly to another intervention (or control). Often, multiple
treatments are available, but a regular pairwise meta-anal-
ysis cannot compare multiple treatments in 1 single analysis.
For instance, in multiple RCTs treatment A is compared with
treatment B, and treatment B is compared with treatment
C. Treatment A and C are not directly investigated and can-
not be compared. However, treatments A and C share a com-
mon comparator B. A network meta-analysis (NMA) uses the
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common comparator and allows simultaneous comparison of
all treatment modalities through direct and indirect effects. In
this example, an NMA is able to make a (indirect) compari-
son between A and C, although A and C have not been directly
compared in RCTs, and quantify its effect size. Direct compar-
isons are pooled estimates of studies that pairwise compare the
interventions (similarly to classical pairwise meta-analysis).
Indirect effects are estimated using mathematical combinations
of the available direct effect estimates in the network. A net-
work meta-analysis thereby utilizes more available information
than a pairwise meta-analysis can. The network estimate is the
result of a weighted combination of the direct and indirect effect
estimates.

Two previous network meta-analyses have been performed
on this topic. One NMA'> demonstrates that the combination
of MBP-OA is associated with the lowest SSI rate, while the
latest review!? concludes that OA only is most beneficial. These
studies, however, have included few RCTs studying the effect of
OA only compared to no preparation. In recent years, multi-
ple relevant RCTs*'¢ studying the effect of OA only have been
conducted, and contain crucial information not included in pre-
vious NMAs. These new RCTs permit a far more precise effect
estimate. Moreover, both previous NMAs!>" have included
studies in which no standard intravenous surgical antibiotic
prophylaxis (SAP) was used. Intravenous SAP is a standard,
well-implemented preventive measure in the current clinical
setting. Generalizability for current practice is limited if studies
performed in an outdated clinical setting are included.

The aim of this systematic review and network meta-analysis is to
provide an up-to-date evaluation on the effect of different methods
of bowel preparation on surgical site infections rate, anastomotic
leakage and mortality after elective colorectal surgery, research
the effect of OA alone (without MBP) and provide a Grading of
Recommendations Assessment, Development and Evaluation
(GRADE) recommendation based on current available evidence.

METHODS

This network meta-analysis was conducted according to the
Preferred Reporting Items for Systematic Reviews and Network
Meta-analyses statement.!” The study protocol is registered in
PROSPERO (CRD42021225091).

Search Strategy

A systematic literature search was carried out using PubMed,
MEDLINE, and Embase on 10-08-2021. Search terms included:
surgical site infection, anastomotic leakage, colorectal surgery,
preoperative period, and antibiotic prophylaxis. A clinical
librarian was consulted on the search strategy. Reference lists of
published reviews and included studies were examined to iden-
tify additional articles. The complete search strategy is included
in Appendix S1, see http://links.lww.com/AOSO/A132.

Eligibility Criteria

We included RCTs comparing MBP and/or OA to MBP or OA
or no bowel preparation in patients undergoing elective col-
orectal surgery that reported rates of surgical site infections and
other complications.

We excluded studies investigating pediatric participants,
effects of different treatments within a specific treatment modal-
ity (eg, only different kinds of mechanical bowel preparation),
and studies that did not provide standard preoperative intrave-
nous SAP. In addition, studies including emergency surgery for
which bowel preparation could not have been performed and
treatment arms containing probiotics were also excluded. The
language was restricted to English. We applied no restrictions
regarding the year of publication.

Annals of Surgery Open

Study Selection and Data Extraction

Two authors (H.J. and N.W.) independently reviewed titles and
abstracts for eligibility. These authors also reviewed full texts
of potentially eligible studies. Disagreements were resolved
through discussion and, if necessary, the senior author (M.B.)
was consulted.

The following data were extracted using a prespecified form:
author, year, country, study period, primary and secondary out-
comes, number of patients in each arm, type of surgery, open or
laparoscopic procedure, methods of bowel preparation (agent/
medication, dose, and timing of administration), regiment of
preoperative intravenous SAP, definition of SSI and AL. When
data were incomplete or unclear, authors were contacted for
additional information. To uniformly assess SSI and AL, authors
of the original publications were contacted to clarify if AL was
included in the SSI rate or if AL was reported separately.

Outcomes

The primary outcome was the rate of SSI (anastomotic leakage
included in the SSI rate), as defined by the authors of the original
publication. Secondary outcomes included anastomotic leakage,
as defined by the authors of the original publication, and mor-
tality rates.

Risk of Bias and GRADE Assessment

The risk of bias within individual studies was assessed using the
Cochrane Risk of Bias-2 tool.'® Assessment was performed by
2 authors (H.J. and N.W.). Publication bias was assessed using
a comparison-adjusted funnel plot."” The GRADE methodology
was used to judge the certainty of evidence.?

Statistical Analysis

Relative risks (RRs), corresponding 95% confidence intervals
(ClIs) and standard errors were calculated for the individual
studies. Studies with no events in both arms were excluded from
quantitative analysis.?!

We performed a network meta-analysis using the frequentist
method?? and chose a subsequent random-effects model. A P
< 0.05 was considered statistically significant. Heterogeneity
was assessed by the I* statistic. An I* up to 40% might not
be important, between 30% and 60% may represent mod-
erate heterogeneity, between 50% and 90% may represent
substantial heterogeneity, and 75% to 100% is considerable
heterogeneity.?!

We assessed the transitivity of the treatment modalities, which
recalls that studies are similar regarding methodological aspects
and clinical settings. Theoretically, the interventions in different
studies are exchangeable and effect modifiers should not dif-
fer. Methodological aspects and clinical aspects that may cause
inconsistencies were evaluated. We assessed inconsistency using
the node splitting method? and the effect estimates of the direct
and indirect comparisons were examined to check agreement.
If inconsistency was detected, the network evidence was either
downgraded when direct and indirect estimates had overlapping
Cls, or focus was put on either the direct or indirect estimate,
whichever shows a narrower CL.*

Results of the NMA were expressed in pooled RRs with
95% CI. We calculated P-scores to rank the different treatment
modalities.”* A high P-score (nearing 1) means that the treat-
ment modality is preferable, a score nearing 0 means the treat-
ment is least preferable.

Additional subgroup analysis was carried out based on
the use of aminoglycosides (yes/no). Furthermore, sensitivity
analyses were conducted with studies published after the year
2000 and based on surgical approach (studies in which all
patients had open surgery versus studies with a combination
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of open and laparoscopic surgery). Quantitative analysis was
performed using R version 4.0.3 (R Core Team [2016] R: A lan-
guage and environment for statistical computing; R Foundation
for Statistical Computing, Vienna, Austria), using the pack-
ages “netmeta,” “metafor,” “meta,” “dmetar,” “devtools,” and
“tidyverse”.

RESULTS

Our search resulted in 3040 potential studies. Eight additional
studies were found through forward and backward citation
tracking. We reviewed 123 full texts. A total of 48 studies, with
13,611 patients, were included in the quantitative analyses. All
but 9 articles were published after the year 2000. The selection
process is summarized in Fig. 1. Reasons for exclusion of full
texts are listed in Appendix S2, see http://links.lww.com/AOSO/
A132.

Study Characteristics

The study characteristics of the 48 included RCTs are presented
in Appendix S3, see http:/links.lww.com/AOSO/A132. Twenty-
three RCTs compared MBP-OA and MBP, 16 RCTs compared
MBP and no preparation, 5 compared OA with no preparation,
3 compared OA and MBP-OA, and 1 RCT compared MBP-OA
and no preparation. Figure 2 shows the network plot of direct
comparisons between included RCTs.

For MBP, studies used the following solutions, alone or in
combination with others: polyethylene glycol solution (24
studies), sodium picosulfate (10 studies), sodium phosphate (8
studies), magnesium citrate (5 studies), bisacodyl (2 studies),
mannitol (1 study), and senna (1 study). The solutions (2—4
liters) were mostly given the day before surgery.

The protocols regarding OA in the 32 studies studying OA
varied greatly. Aminoglycosides (eg, kanamycin, neomycin, and
erythromycin) were used in 27 out of 32 studies, of which in
14 studies in combination with metronidazole. OA were usually
started the day before surgery. Alternative protocols span from
3 days preoperative until postoperative day 7, ranging from 2
to 4 times a day.

Cephalosporins (1-2g) alone or in combination with metro-
nidazole (0.5-1g), or flomoxef (1g) were often used for pre-
operative SAP. Redosing of SAP during surgery was performed
in 15 out of 48 studies if surgery lasted longer than 2—4 hours
depending on the half-life of antibiotics used.

Network Model

We evaluated methodological and clinical aspects that may
cause inconsistencies and deemed these aspects comparable to
allow the construction of a network and quantitative analysis.
Overall, the network showed moderate inconsistency for SSI
(heterogeneity between studies: I = 37.3%; P = 0.88), and low
inconsistency for AL (I = 0%; P = 0.10) and mortality (I> = 0%;
P = 0.27). Inconsistency was also evaluated through node split-
ting and checking the agreement between the direct and indirect
comparisons (Fig. 4). For SSI and mortality, no inconsistency
was detected in any comparison. Two comparisons of AL (MBP
vs MBP-OA and MBP vs no preparation) showed significant
inconsistency (P <0.0S5).

Primary Outcome and Network Meta-Analysis

All 48 RCTs report on SSI rates. Twelve out of 23 RCTs>+
comparing MBP-OA and MBP reported a significant reduc-
tion of SSI when using MBP-OA. Two**° out of three!* RCTs
comparing MBP-OA and OA report a significant benefit favor-
ing OA. Only one® investigation compared MBP-OA to no
preparation and found no significant difference in SSI. Two

www.annalsofsurgery.com

RCTs!®! comparing OA to no preparation reported a signifi-
cant lower SSI rate in the OA group, 2 found no difference,'**?
and 1 reported no events in both arms.* In the 16 RCTs!! %68
comparing MBP and no preparation, 15 out of 16 did not find
a significant difference.

The NMA estimated RRs using direct and indirect evidence.
The forest plots are shown in Fig. 3A. Compared to no prepa-
ration, RR were 0.57 (95% CI, 0.45-0.72) for MBP-OA, 0.68
(95% CI, 0.49-0.95) for OA, and 1.05 (95% CI 0.87-1.26) for
MBP. The RRs of all comparisons are described in Table 1 and
Fig. 4A. The effectiveness of MBP-OA and OA was compara-
ble (RR, 0.84; 95% CI, 0.60-1.19) and higher compared to
MBP (RR, 0.55; 95% CI, 0.47-0.65). OA compared with MBP
only was 0.65 (95% CI, 0.46-0.92). In the network ranking,
the P-score of MBP-OA was 0.944, 0.717 for OA, 0.230 for no
preparation and MBP had the lowest P-score of 0.110.

Secondary Outcomes and Network Meta-Analysis

Anastomotic leakage rates were reported by 39 RCTs. Three
of 17 RCTs comparing MBP-OA versus only MBP found a sig-
nificant benefit with MBP-OA. All three!>** RCTs comparing
MBP-OA and OA alone did not find a significant difference in
rates of AL. Three RCTs'*!¢5! comparing OA and no prepa-
ration reporting on AL, did not find a significant difference.
Only one® of 15 RCTs comparing AL rates of MBP and no
preparation found a significant reduction with the use of MBP.
None of the 20 RCTs reporting on mortality found a signifi-
cant difference. In nine!*3236:543558:65-67 pyblications no deaths
occurred.

Network meta-analysis for anastomotic leakage showed a
RR of 0.76 (95% CI, 0.51-1.15) for MBP-OA compared to OA
and 0.59 (95% CI, 0.42-0.84) versus no preparation (Fig. 3b
and 4b). The RR for OA compared with MBP is 0.83 (95% CI,
0.59-1.17) and 0.78 (95% CI, 0.61-0.99) compared with no
preparation. MBP compared to no preparation and MBP-OA
compared to MBP showed significant inconsistency. In both
comparisons, direct estimates had a narrower CI, with a RR of
0.85 (95% CI, 0.65-1.11) for MBP vs. no preparation and RR
of 0.55 (95% CI, 0.40-0.76) for MBP-OA vs MBP.

For mortality rates, the RR of MBP-OA was 0.87 (95% CI,
0.26-2.57) compared with OA, 1.05 (95% CI, 0.63-1.75) ver-
sus MBP and 0.99 (95% CI, 0.51-1.91) versus no preparation
(Figs. 3¢ and 4c). The RR for mortality for OA compared with
MBP was 1.28 (95% CI, 0.39-4.17) and 1.21 (95% CI, 0.35-
4.12) compared with no preparation. RR for MBP compared
with no preparation was 0.94 (95% CI, 0.24-2.58).

Sensitivity and Subgroup Analyses

The sensitivity analysis of studies that focussed on laparoscopic
surgery or had a mixed cohort of both laparoscopic and open
surgical approaches, included 20 RCTs with a total of 5213
patients (thereby excluding 28 studies using only an open surgi-
cal approach). The sensitivity analysis showed a more prominent
effect of MBP-OA than all other bowel preparations on SSI rate
and AL in studies that included also laparoscopic surgery. For
MBP-OA vs OA, a RR for SSI of 0.56 (0.31-0.99) and a RR for
AL of 0.54 (0.29-1.03) were found. All other comparisons of
preparations in open versus mixed/laparoscopic surgery RCTs
were comparable to the overall analyses, as shown in Table 1. It
must be noted that this is not a true comparison between lapa-
roscopic and open surgery, since only 60% of operations (3062
of 5213) in the laparoscopic/mixed group were laparoscopic.

Results of the sensitivity analysis for the study year (after the
year 2000) and subgroup analysis for the type of antibiotics
(with or without aminoglycosides) showed no major differences
compared to the overall analysis. Detailed results are shown in
Appendix S4, see http://links.lww.com/AOSO/A132.
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FIGURE 1. Study selection process. Reasons for exclusion after full text review can be found in Supplementary Appendix 2

Risk of Bias Assessment

Among the 48 RCTs included, 5 RCTs had a high risk of bias,
35 had some concerns regarding bias, and 7 had a low risk of
bias. The overall quality of the included studies was deemed
satisfactory. A detailed Risk of Bias assessment can be found
in Appendix S5, see http:/links.lww.com/AOSO/A132. Funnel
plots did not show signs of publication bias, which can be found
in Appendix S6, see http://links.lww.com/AOSO/A132.

GRADE Assessment

The GRADE assessment for SSI can be found in Fig. 5. The level
of evidence for SSI comes from RCTs and therefore starts high.
The level of evidence was downgraded by 2 levels because the
CI crosses the minimal clinically important difference (MCID)-
boundary (imprecision, -1) and because of study limitations
(risk of bias -1). If there was a high level of inconsistency and
the direct evidence had superior quality and confidence over the
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FIGURE 2. Network Plots. Network plots of included studies. The thickness
of the lines and circles correspond with the number of studies. The squares
and lines represent relative risks with corresponding 95% confidence inter-
vals. (A) Total SSI. (B) Anastomotic leakage. (C) Mortality.

indirect evidence, we looked at the direct evidence and did not
downgrade for inconsistency.?’ The overall quality of evidence
for all outcomes was deemed low.

The elaborate GRADE assessment for all comparisons
including the secondary outcomes, is presented in Appendix S7,
see http://links.lww.com/AOSO/A132 and on the MAGICapp

A Bowel preparation vs. no preparation
Treatment Relative risk RR 95%-Cl
MBP-OA —. 0.57 [0.57;0.72]
OA — e 0.68 [0.49;0.95]
MBP | I —i'— I1 .05 [0.87;1.26]

0.3 0.5 1 2 3

favours intervention favours no preparation

B Bowel preparation vs. no preparation
Treatment Relative risk RR 95%-ClI
MBP-OA — e 0.59 [0.42;0.84]
OA 0.78 [0.61;0.99]

MBP I _"'l_ I0.94 [0.73;1.21]
03 0.5 1 2 3
favours intervention  favours no preparation
C Bowel preparation vs. no preparation
Treatment Relative risk RR 95%-Cl
MBP-OA I 0.99 [0.51;1.91]
OA = >1.21 [0.35;4.12]
MBP | l —"'I— I0.94 [0.60; 1.46]
0.3 0.5 1 2 3

favours intervention favours no preparation

FIGURE 3. Forest plots. Figures show the pooled estimates from the
included studies, comparing different bowel preparation methods with no
preparation. (A) Total SSI. (B) Anastomotic leakage. (C) Mortality.

(https://magicevidence.org/match-it/210519dist-json-temp/#!/
sof/data-set/template).

DISCUSSION

This network meta-analysis investigated the effect of differ-
ent types of bowel preparation on the rates of surgical site
infections, anastomotic leakage, and mortality for patients
undergoing elective colorectal surgery. We found a signifi-
cant reduction of SSI when using MBP-OA or OA alone
compared with MBP only or no preparation. MBP-OA and
OA showed comparable effectiveness. There was no differ-
ence in effect between MBP and no preparation. Overall,
the certainty of the evidence was graded as low because of
imprecision of the results and the risk of bias. Furthermore,
MBP-OA and OA may both be effective for the prevention of
anastomotic leakage, whereas MBP was not. There was no
clear association between the method of bowel preparation
and the all-cause mortality rate. Only in a sensitivity analysis
of studies that focussed on laparoscopic surgery or a mixed
laparoscopic/open population, MBP-OA seemed more effec-
tive than other methods of bowel preparation including OA
alone.

The present review is of great added value to current literature
and existing guideline recommendations. The results are partly
in line with current international guidelines but give an import-
ant new perspective. WHO?® and NICE® guidelines both advise
against the use of only MBP as routine preparation. The WHO


http://links.lww.com/AOSO/A132
https://magicevidence.org/match-it/210519dist-json-temp/#

Jalalzadeh et al ® Annals of Surgery Open (2022) 3:e175

Annals of Surgery Open

League tables

Primary analysis: all RCTs

Sensitivity analysis: RCTs with laparoscopic surgery only
or with both open and laparoscopic colorectal surgery

Total SSI (RR with 95% CI)

Total SSI (RR with 95% CI)

MBP-0A MBP-0A

P-score 0.944

0.84 0A 0.56 0A

(0.60-1.19) P-score 0.717 (0.31-0.99)

0.57 0.68 None 0.41 0.73 None
(0.45-0.72) (0.49-0.95) P-score 0.230 (0.27-0.62) (0.48-1.12)

0.55 0.65 0.96 MBP 0.44 0.80 1.09 MBP
(0.47-0.65) (0.46-0.92) (0.79-1.15) P-score 0.110 (0.34-0.58) (0.46-1.38) (0.74-1.59)
Anastomotic leakage (RR with 95% Cl) Anastomotic leakage (RR with 95% Cl)

MBP-0A *0.55 MBP-0A

P-score 0.967 (0.40-0.70)

0.76 0A 0.54 0A

(0.51-1.15) P-score 0.645 (0.29-1.03)

0.63 0.83 MBP *0.85 0.50 1.14 MBP
(0.47-0.84) (0.59-1.17) P-score 0.276 (0.65-1.07) (0.35-0.71) (0.60-2.16)

0.59 0.78 0.94 None 0.45 0.83 0.72 None
(0.42-0.84) (0.61-0.99) (0.73-1.21) P-score 0.111 (0.26-0.80) (0.64-1.07) (0.40-1.30)
Mortality (RR with 95% CI) Mortality (RR with 95% CI)

MBP MBP

P-score 0.615

0.95 MBP-0A 1.12 MBP-0A

(0.57-1.59) P-score 0.526 (0.52-2.43)

0.94 0.99 None 0.74 0.65 None

(0.60-1.46) (0.51-1.91) P-score 0.496 (0.01-69.25) (0.01-61.51)

0.78 0.87 0.83 0A 0.18 0.16 0.24 0A
(0.24-2.58) (0.26-2.57) (0.24-2.84) P-score 0.363 (0.18-27.26) (0.00-24.22) (0.03-2.11)

League tables showing the network relative risks of pairwise comparisons between different bowel preparation methods. Calculated P-scores are shown, a higher P-score (nearing 1) means that the
treatment modality is preferable, a score nearing 0 means the treatment is least preferable. RR with 95% Cl in bold are statistically significant.

*RR with 95% Cl of direct comparisons.

advises MBP-OA in colorectal surgery. However, both guidelines
did not include studies investigating the effect of OA alone. The
NICE guidelines acknowledge this limitation and state that their
current guideline should be updated with newly published evi-
dence, including studies investigating the effect of OA alone. The
current guideline on this topic by the Centers for Disease Control
and Prevention” does not mention bowel preparation.

Previous, non-network meta-analyses have shown results in
favor of MBP-OA compared to MBP® and no clear difference
between MBP and no preparation.” These results are still in
line with the present study, but lack data on the relative effect
of OA alone. One of the trials'* investigating the effect of OA
alone ended prematurely due to results of a new nonrandomized
study” favoring OA. The authors no longer considered clinical
equipoise.

The most recent NMA?® concludes that OA without MBP
shows the greatest reduction in SSI. This is not in line with our
findings. Current evidence from present NMA shows that the
effectiveness of OA alone does not significantly differ from that
of MBP-OA (RR, 0.84; 95% CI, 0.60-1.19). Our results sup-
port the use of OA alone, but we do not find OA to be superior
to MBP-OA. The most recent NMA" has not included some
of these new RCTs,!%1625272% which explains the difference in
results. Some studies were published after the search date; oth-
ers were excluded for unknown reasons. An earlier NMA!? has
identified a knowledge gap with respect to the effectiveness of
OA as few studies compared OA alone to MBP-OA or no prepa-
ration. We included 4 additional RCTs!#!63! investigating OA as
a sole intervention without MBP; all published since 2020. One
RCT compared OA alone to MBP-OA" and 3 studies compared
OA alone to no preparation.!16-51

In recent years, minimally invasive procedures are widely
performed and a distinction between the effects of the various
bowel preparations in open and laparoscopic procedures could
be very helpful in clinical practice. Therefore, we performed an
additional sensitivity analysis excluding RCTs with only open
surgical procedures. In the remaining cohort for analysis, still,
40% of the procedures were open procedures. It was not pos-
sible to attribute SSI to either laparoscopic or open surgery
among these mixed studies as such details were not supplied
in the original publications. This limits us to draw firm con-
clusions on possible differences in the efficacy of the various
bowel preparation methods between open and laparoscopic
procedures. However, when excluding studies investigating only
open surgical procedures, the results were in favor of MBP-OA.
More studies including only laparoscopic procedures are needed
to draw definite conclusions.

In contrast to earlier NMAs, >3 we excluded all studies with-
out preoperative intravenous antibiotic prophylaxis around the
time of induction, as such prophylaxis is considered standard
state-of-art perioperative care.

Our study is limited by the quality and number of studies
available. Especially OA alone has not been investigated exten-
sively and the number of available RCTs is limited. By carrying
out an NMA we chose a design aimed to precisely estimate the
effects of treatments for which limited data exists. Nonetheless,
a network estimate will provide more precise estimations when
more direct comparisons are available. The reported treatment
rankings (expressed in P-scores) are based on the estimated
point estimates and standard errors. With limited data available
effects can be overvalued, especially when relative effects are
small.'” Moreover, treatment rankings take only 1 outcome into
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FIGURE 4. Forest plots — direct, indirect and network estimate. Node split-
ting separates the network estimates into the evidence of direct and indirect
evidence. (A) (SSI). * One study did not have any events in both arms and was
thus excluded from analysis. Direct evidence: Weight of the direct estimate in
the network estimate. Direct estimate: Estimate of pairwise comparison of the
interventions [similarly to classical pairwise meta-analysis]. Indirect estimate:
estimate using mathematical combinations of the available direct effect esti-
mates in the network. Network estimate: Combined estimate of direct and
indirect estimate. (B) Anastomotic leakage. (C) Mortality.
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consideration and do not look at potential harms of a treatment,
which makes them prone to misinterpretation when focusing
only on the P-score ranking. Therefore, we have put an empha-
sis on the RRs with corresponding 95% Cls, depicted in the
forest plots, rather than drawing conclusions only based on the
P-score rankings.”?

Although the overall network for AL showed low inconsis-
tency (I> < 0%), a node split of the results of AL showed two
comparisons (MBP vs MBP-OA and MBP vs no preparation)
had significant inconsistencies. The GRADE working group
advises against modification or exclusion of inconsistent data
without a strong rationale.?’ Rather, if both direct and indirect
evidence are of comparable quality, it is preferred to rate down
the quality of the network estimate in the GRADE assessment.
The second solution is to focus not on the network estimate
but to focus on either the direct or indirect estimate, which-
ever shows greater confidence. Both comparisons that showed
inconsistency had a higher quality of direct evidence, thus we
valued the direct comparison over the indirect comparison.
Additional research comparing MBP-OA to OA alone is needed.
This will generate more direct comparisons, allowing a more
precise estimation of treatment effect and more valid treatment
ranking. Additionally, the emergence of antimicrobial resistance
has not been widely investigated when looking at bowel prepa-
ration and needs further investigation. Two protocols for new
RCTs including an OA study arm have been published and seem
promising.”7*

Second, there is clinical heterogeneity between studies with
respect to type, duration, and dosage of MBP, OA, and pre-
operative surgical antibiotic prophylaxis. The heterogeneity
in antibiotic administration may be attributed to regional
antibiotic availability and resistance. Espin Basany et al*® did
compare 1 or 3 doses of oral antibiotics with no preparation
and found no difference in efficacy. In the future, when large
datasets are available, it would be interesting to perform addi-
tional subgroup analyses based on the type and dosage of oral
antibiotics.

Third, even though most studies used Centers for Disease
Control and Prevention criteria’”® to define SSI and AL, there
were methodological differences. Especially regarding anas-
tomotic leakage, definitions were not always clear; for exam-
ple, some studies categorized abscesses in the proximity of the
anastomosis as anastomotic leakage,?® and others diagnosed
AL only when extraluminal contrast was seen on imaging.®’
In addition, some studies include AL as SSI, whereas others
reported AL separately. Authors of the original publications
were contacted to clarify if AL was included in SSI rates to
unify the results, but this was not always possible.

This network meta-analysis suggests that MBP-OA and
OA alone reduce SSI compared to no bowel preparation and
that MBP-OA result in little to no difference in SSI and AL
rates compared to OA alone. When excluding studies investi-
gating only open surgical procedures, MBP-OA seems to have
favorable effects over OA alone but more studies on laparo-
scopic procedures are needed to draw definitive conclusions.
However, analysis of effectivity does not take the discomfort
and possible harms (eg, electrolytes imbalance and dehydra-
tion) of MBP into consideration nor its practical concerns such
as early hospital admission. The harms and benefits should be
carefully weighed, and these results justify questioning the
additional value of MBP to OA. Therefore, it seems plausible
to use either MBP-OA or OA alone for the prevention of SSI
in colorectal surgery. This may result in the need for current
guidelines to be revisited.
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