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Abstract
Background There is significant variation in the use of mechanical bowel preparation and oral antibiotics prior to left-sided
elective colorectal surgery. There has been no consensus internationally.
Methods This was a retrospective analysis of the 2015 American College of Surgeons National Surgical Quality Improvement
Program database. Patients were divided into four groups: those who had mechanical bowel preparation with oral antibiotics, mechan-
ical bowel preparation alone, oral antibiotics alone and no preparation. The main outcome measures included overall, superficial, deep
and organ/space surgical site infections. Secondary outcomes included anastomotic leak, ileus and rate of Clostridium difficile.
Results A total of 5729 patients were included for analysis. The overall surgical site infection rate (any superficial, deep or organ/
space infection) was significantly lower in the mechanical bowel preparation and oral antibiotics approach when compared to no
preparation (OR = 0.46, 95% CI 0.36–0.59, P < 0.0001). On multivariable logistic regression analysis, mechanical bowel prep-
aration with oral antibiotics maintained a lower risk of overall surgical site infections. MBP and OAB also had a protective effect
on anastomotic leak in both the laparoscopic and open cohorts (laparoscopic multivariable adjusted OR = 0.42 (0.19–0.94), P =
0.035; open multivariable adjusted OR = 0.3 (0.12–0.77), P = 0.012). Mechanical bowel preparation alone and oral antibiotics
alone was not associated with a significant decrease in surgical site infections. There was no increase in C. difficile occurrences
with the use of oral antibiotics.
Conclusion Mechanical bowel preparation with oral antibiotics significantly minimised surgical site infections and anastomotic
leak following both laparoscopic and open left-sided restorative colorectal surgery. Mechanical bowel preparation alone did not
reduce surgical site infections. There was a trend to reduction in surgical site infections with oral antibiotics alone.

Keywords Mechanical bowel preparation . Oral antibiotics . Surgical site infections . Anastomotic leak . Laparoscopic colorectal
surgery . Colorectal surgery . Anterior resection

Introduction

Debate on the role of mechanical bowel preparation (MBP)
and oral antibiotics (OAB) prior to colorectal surgery con-
tinues as large population-based studies and meta-analyses
over the past four decades continue to report a range of con-
flicting outcomes [1–8]. Even recent studies evaluating the
American College of Surgeons National Surgical Quality
Improvement Program (ACS-NSQIP) database have reported
different outcomes [2–4]. Of note, the study byGarfinkle et al.
(2017) [3] recommended OAB alone, but the study by Kiran
et al. (2015) [2] and Klinger et al. (2017) [4] were in favour of
MBP with OAB.
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It is not surprising that international guidelines such as
those in America, Europe and Asia-Pacific have not reached
an agreement. While the American Society for Enhanced
Recovery (ASER) and Perioperative Quality Initiative
(POQI) joint consensus statement in 2017 recommended the
routine use of ‘MBP with OAB before elective colorectal
surgery’ [9], recent international guidelines such as the
Australian guidelines recommended that ‘MBP should not
be used routinely in colonic surgery’ [10].

In a survey of European colorectal surgeons, less than 10%
stated that they used OAB with or without MBP, and majority
favoured no preparation for colon surgery and approximately
80% used MBP for rectal surgery [11]. No preparation for
colon surgery and MBP alone for rectal surgery is still com-
mon practice internationally. This practice is consistent with
the findings from the landmark Cochrane review in 2011
which reported no benefit for MBP in colonic surgery but
suggested that MBP may be used selectively in rectal surgery
[5]. The lack of benefit for MBP alone, and in some cases,
harm, has also been demonstrated in numerous other studies
[7, 8, 12, 13], so that while recent ACS-NSQIP studies have
demonstrated that MBP with OAB is associated with benefit,
it is difficult to change long-term wide-held beliefs on MBP
which has been supported by levels 1 and 2 evidence reported
over decades.

To date, many of the ACS-NSQIP studies on this topic
have reported on data associated with a wide range of colo-
rectal surgery for both sides [2–4]. An array of statistical
methods such as propensity scoring, coarsened exact
matching and multivariate regression analysis have been used.
However, surgeons are wary of sophisticated statistical tech-
niques that do not replace the value of a well-designed study
with appropriate inclusion and exclusion criteria.

The aim of this study was to perform a focused evaluation
of the ACS-NSQIP data to include only elective left-sided
restorative colorectal surgery with and without faecal diver-
sion. A separate subset analysis of open and laparoscopic out-
comes was performed to determine if MBP and OAB have a
role in both open and laparoscopic surgery. The 2012–2014
data was excluded, as this time period had already been ex-
tensively studied and consistently favoured OAB strategies
and we wanted to assess a cohort independent of this time
period.

Methods

Patients and data collection

The ACS-NSQIP targeted colectomy data from 2015 was
used for analysis. The NSQIP database is a nationwide data-
base where data are collected by trained clinical reviewers.
Data on demographics, pre-operative, intraoperative and 30-

day post-operative outcomes with hundreds of accurate and
reliable data points were used.

Data for elective colorectal operations from the targeted
colectomy Participant User File (PUF) with the American
Medical Association Current Procedural Terminology (CPT)
codes 44145 (colectomy, partial; with coloproctostomy (low
pelvic anastomosis)), 44146 (colectomy, partial; with
coloproctostomy (low pelvic anastomosis) with colostomy),
44207 (laparoscopy, surgical; colectomy, partial, with anasto-
mosis, with coloproctostomy (low pelvic anastomosis)),
44208 (laparoscopy, surgical; colectomy, partial, with anasto-
mosis, with coloproctostomy (low pelvic anastomosis) with
colostomy) were included for analysis. These codes have been
previously identified as the ‘Proctectomy’ group in the
‘Targeted Colectomy’ NSQIP database [2, 3].

Other CPT codes in the targeted colectomy PUF data in-
cluded 44143, 44144, 44147 and 44206. CPT code 44147
(colectomy, partial, combined abdominal and transanal ap-
proach) was excluded as this was not a targeted procedure in
this study. We also excluded 44143 and 44206 (Hartmann
type procedure—open and laparoscopic) and 44144
(Colectomy, partial; with resection with stoma and creation
of mucofistula) as these procedures were not restorative.
Data from the ACS-NSQIP targeted proctectomy PUF were
not used as the targeted proctectomy data does not include
information on bowel preparation and oral antibiotics which
is a limitation of the targeted proctectomy data.

The data gathered for analysis included patient demo-
graphics, pre-operative, intraoperative and 30-day post-oper-
ative variables. The primary outcomes of interest in this study
included superficial (subcutaneous), deep (fascia, muscle
layers) and organ space surgical site infection (SSI) (organ
or spaces other that surgical incisions), anastomotic leak and
post-operative ileus. Anastomotic leak has been defined by
NSQIP as endoluminal contents through an anastomosis and
has been classified based on need for antibiotics, drainage and
surgical intervention [14]. This is similar to the International
Study Group of Rectal Cancer (ISREC) severity grading sys-
tem of anastomotic leak after anterior resection based on need
for intervention [15, 16]. The ISREC grading system classifies
leaks based on no treatment, non-operative treatment and op-
erative treatment (similar to NSQIP)—but additionally strat-
ifies treatment of leak by first line treatment and full clinical
course (not included in NSQIP).

Statistical analysis

Normality of data distribution was assessed and information
such as patients’ co-morbidities, pre- and post-operative char-
acteristics were summarised using descriptive statistics
(Table 1). Continuous variables were presented as medians
with interquartile range (IQR, range from the 25th to the
75th percentile) due to data skew and comparisons made using
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the MannWhitneyU tests. Categorical data were presented as
proportions (%) with comparisons made using the chi-square
(χ2) or as required the Fisher exact tests. If appropriate, the
Kruskal-Wallis test was used to compare groups of continuous
data or to test for trends.

Variables such as use of MBP with or without the use of
OAB were grouped into four categories. Similarly, primary
indication was grouped into four categories (acute diverticuli-
tis, Crohn’s disease or ulcerative colitis, colon cancer or oth-
er). Furthermore, variables such as age of 80 years or more,

Table 1 Pre-operative patient characteristics according to mechanical bowel preparation and oral antibiotics

Mechanical bowel preparation (MBP) No MBP

Patient characteristics Antibiotics
(n = 2721)

No antibiotics
(n = 1713)

P Antibiotics
(n = 199)

No antibiotics
(n = 1096)

P

Age (median (IQR)) 59 (51–68) 60 (51–69) P = 0.275 61.0
(50.0–70.0)

60.5 (51.0–69.0) P = 0.410

Gender (proportion males) 49.40% 48.50% P = 0.551 50.30% 50.90% P = 0.864

ASA class P = 0.008 P = 0.046

ASA I 2.20% 3.20% 3.00% 1.60%

ASA II 52.90% 49.40% 54.80% 49.20%

ASA III 43.20% 44.20% 41.70% 45.90%

ASA IV 1.50% 2.80% 0.50% 3.30%

Indication for surgery P < 0.0001 P = 0.003

Acute diverticulitis 5.60% 7.90% 12.10% 7.30%

Crohn’s/ulcerative colitis 1.20% 0.60% 2.50% 1.50%

Colorectal cancer 46.30% 52.30% 36.70% 49.50%

Other 46.80% 39.20% 48.70% 41.70%

BMI (median (IQR)) 28.2 (24.7–32.4) 28.1 (24.4–31.9) P = 0.796 27.3
(24.5–32.9)

27.7 (24.2–32.4) P = 0.829

Diabetes mellitus 12.20% 12.30% P = 0.909 8% 15% P = 0.009

Smoker 17.60% 16.10% P = 0.188 21.60% 15.40% P = 0.030

Dyspnoea 4.60% 3.90% P = 0.215 5.00% 4.50% P = 0.730

Not independent 0.70% 1.10% P = 0.059 1.00% 0.90% P = 0.952

Severe COPD 3.30% 3.30% P = 0.971 3.50% 4.70% P = 0.476

Ascites 0.10% 0.20% P = 1.00 0.00% 0.80% P = 0.370

Congestive heart failure 0.30% 0.40% P = 0.913 0.00% 0.30% P = 1.000

Acute renal failure 0.10% 0.00% P = 0.526 N/A N/A N/A

Dialysis 0.10% 0.20% P = 1.00 0.00% 0.10% P = 1.000

Steroid use for chronic conditions 4.00% 3.10% P = 0.102 3.00% 4.20% P = 0.435

Chemotherapy within 90 days of surgery 15.10% 16.10% P = 0.378 11.60% 12.60% P = 0.712

> 10% Body weight in past 6 months 3.60% 2.60% P = 0.064 2.00% 3.20% P = 0.369

Bleeding disorders 1.50% 2.00% P = 0.270 2.00% 2.10% P = 1.000

Transfusion of >/= 1 unit of PRBCs 72 h
prior to surgery

0.20% 0.50% P = 0.154 0.50% 0.30% P = 0.487

PATOS

Deep incisional SSI 0.10% 0.00% P = 0.526 0.00% 0.20% P = 1.000

Superficial incisional SSI 0.10% 0.10% P = 1.00 0.50% 0.00% P = 0.154

Organ/space SSI 0.60% 0.70% P = 0.534 1.00% 0.90% P = 1.000

Pneumonia 0.00% 0.10% P = 1.000

UTI 0.20% 0.00% P = 0.088 0.00% 0.50% P = 1.000

Sepsis 0.44% 0.30% P = 0.543 0.50% 0.70% P = 1.000

Pre-op Alb (median, IQR) 4.1 (3.7–4.3) 4.0 (3.7–4.3) P = 0.176 3.9 (3.6–4.3) 4.0 (3.6–4.3) P = 0.867

ASAAmerican Society of Anaesthesiologists, IQR interquartile range, BMI body mass index, IBD inflammatory bowel disease, PATOS present at time of
surgery,PRBCs packed red blood cells,COPD chronic obstructive pulmonary disease, SSI surgical site infection,Alb albumin,N/A predictor not tested in
univariate analysis due to low frequencies
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American Society of Anaesthesiology score of 3 or more,
body mass index of 30 kg/m2 or more, albumin levels of
3.50 g/dL or more, white blood count (WBC × 109/) of 12
or more, haematocrit of 30% or more, total operative time of
180 min or more and anastomotic leak were dichotomised
based on clinical importance. All comparisons were made
by the operative technique which was classified as the laparo-
scopic or open. Missing variable data of greater than 90% was
not included in the analysis. The rate of missing data in this
study was found to be minimal and hence unlikely to modify
findings with the use of multiple imputation techniques or
sensitivity analysis.

Univariable (unadjusted) logistic regressions were used to
test the significance of MBP and use of ABX regimen, pre-
and post-operative factors for the primary outcome of any SSI
which included superficial, deep or organ space occupying.
Separate models were developed for the laparoscopic and
open colectomy method (Table 3). For the primary outcome
of any SSI (superficial, deep or organ) and the secondary
outcome anastomotic leak, a multivariable (adjusted) logistic
regression model was fitted to determine predictors of these
outcomes while controlling for other significant covariates
identified on univariable analyses (Tables 4 and 5).
Statistical analyses were performed using SPSS 22.0 (IBM
SPSS Statistics for Windows, Armonk, NY, USA). All tests
were two tailed and differences considered statistically signif-
icant at a P < 0.05 level.

Results

Study population

A total of 5729 patients were included for analysis, 2721
(47.5%) had both MBP and OAB, 1713 (29.9%) had MBP
alone, 199 (3.5%) had OAB alone and 1906 (19.1%) had no
preparation. Patients in all four groups were comparable for
age, gender and BMI. There was a statistically significant
difference in the proportion of patients in the no preparation
group andMBP alone groupwho hadASA ≥ 3when compared
to the subgroup who had OAB ± MBP. There was also a
difference in the indication for surgery between each subgroup.

In terms of co-morbidities, there was no significant differ-
ence between the groups with respect to frequency of
smoking, dyspnoea, COPD, ascites, congestive heart failure,
steroid use for chronic conditions, chemotherapy within
90 days, bleeding disorders, pre-operative transfusions and
pre-operative infections and albumin. A greater proportion
of patients in the no preparation group were diabetic when
compared to the other subgroups. Clinically relevant variables
with respect to patient characteristics were similar and all
study covariates were later considered in multivariable analy-
ses (see Table 1).

The rate of minimally invasive surgery was 67–73.5% be-
tween the four subgroups, the rate of stoma was 2–4.7% in the
open group and 2–5.3% in the minimally invasive group.
There was no difference in operating time between the four
groups based on MBP and OAB status.

Outcomes

Pooled laparoscopic and open data

With both laparoscopic and open data pooled, the overall SSI rate
(any superficial, deep or organ space infection) was significantly
lower in the MBP and OAB group when compared to no prep-
aration (OR= 0.46 (0.36–0.59), P < 0.0001) on univariable anal-
ysis. On multivariable logistic regression analysis, the MBP and
OAB group maintained a lower risk of overall SSIs. The OAB
group alone had a trend to reduction of SSIs (univariable OR
0.84 (0.51–1.38), P = 0.49; multivariable adjusted OR 0.50
(0.16–1.54), P = 0.23), but this was not statistically significant.
MBP alone prior to elective left-sided restorative colorectal sur-
gery with pelvic anastomosis did not reduce the risk of SSIs
(multivariable adjusted OR 0.98 (0.58–1.65)).

Other clinically relevant factors which increased SSI rates
included anastomotic leak, BMI ≥ 30 kg/m2, dialysis, bleed-
ing disorders and ascites on multivariable analysis. ASA, di-
abetes, dyspnoea, disseminated cancer, prior wound infection,
> 10% body weight loss, pre-operative sepsis, albumin, WBC
and total operative time were statistically significant on
univariable analysis, but the adjusted multivariable OR was
not statistically significant (refer to Table 2).

Separate analysis of open and laparoscopic data

When open and laparoscopic data were assessed separately,
the protective effect ofMBP and OAB on frequency of overall
SSIs was maintained on univariable analyses in both groups
(laparoscopic: OR 0.52 (0.37–0.75), P < 0.0001); open: OR
0.41 (0.29–0.57), P < 0.0001).

On multivariable analysis, the benefit of MBP and OAB
for open elective left-sided colectomy remained statistically
significant (OR = 0.41 (0.20–0.83), P = 0.013). For the lapa-
roscopic cohort, the multivariable adjusted OR showed a trend
but just missed statistical significance (OR = 0.44 (0.19–1.04),
P = 0.062).

There was a trend to reduction in overall SSIs in the OAB
alone group for both the open (multivariable adjusted OR =
0.5 (0.16–1.54), P = 0.23) and laparoscopic cohort (multivar-
iable adjusted OR = 0.84 (0.51–1.38), P = 0.49) but outcomes
were not statistically significant. On univariable analysis of
the laparoscopic group, there was no benefit with respect to
SSI rates for OAB alone (OR = 1.24 (0.66–2.33), P = 0.51).
This study was not able to demonstrate a statistically signifi-
cant improvement in SSI rates with OAB alone.
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The ma jo r i t y o f r e s e c t i on s we r e pe r f o rmed
laparoscopically. On univariable analysis, other factors
influencing SSI rates in the laparoscopic cohort included
BMI ≥ 30 kg/m2, ASA ≥ 3, post-operative blood transfusion,
sepsis prior to surgery, total operative time ≥ 180 min and
anastomotic leak. The clinically relevant factors that remained
statistically significant on multivariable analyses included
anastomotic leak, ascites, prolonged operative time and

steroid use for chronic conditions (refer to Tables 3 and 4).
For open surgery, prior wound infection was also a significant
risk factor for risk of overall SSIs.

MBP and OAB also had a protective effect on anastomotic
leak in both the laparoscopic and open cohorts (laparoscopic:
multivariable adjusted OR = 0.42 (0.19–0.94), P = 0.035;
open: multivariable adjusted OR = 0.3 (0.12–0.77), P =
0.012). OAB alone did not have a protective effect in reducing

Table 2 Univariable and
multivariate logistic regression to
identify factors associated with
any surgical site infection
(superficial, deep, organ) for left-
sided elective colorectal surgery
with pelvic anastomosis

Variable Univariate logistic Multivariate logistic

OR (95% CI) P Adjusted OR (95%
CI)

P

Mechanical bowel preparation

MBP −/ABX − (reference) < 0.0001 0.004

MBP +/ABX − 0.82 (0.64–1.05) 0.11 0.98 (0.58–1.65) 0.93

MBP −/ABX + 0.84 (0.51–1.38) 0.49 0.50 (0.16–1.54) 0.23

MBP +/ABX + 0.46 (0.36–0.59) < 0.0001 0.47 (0.28–0.78) 0.004

Primary indication

Acute diverticulitis—(reference) 0.12 0.075

Crohn’s disease or ulcerative colitis 0.44 (0.15–1.25) 0.12 1.63 (0.33–8.02) 0.55

Colorectal cancer 0.74 (0.54–1.01) 0.063 0.54 (0.24–1.18) 0.12

Other 0.71 (0.51–0.97) 0.03 0.91 (0.42–1.95) 0.80

Stoma 1.40 (1.05–1.87) 0.021 1.05 (0.54–2.03) 0.89

Male 1.07 (0.90–1.27) 0.44 1.44 (0.96–2.16) 0.079

Age ≥ 80 years 1.23 (0.86–1.76) 0.25 1.24 (0.53–2.89) 0.62

BMI ≥ 30 kg/m2 1.58 (1.32–1.87) < 0.0001 1.52 (0.99–2.31) 0.054

ASA (≥ 3) 1.57 (1.32–1.86) < 0.0001 0.79 (0.51–1.22) 0.28

Diabetes 1.32 (1.05–1.67) 0.018 0.98 (0.55–1.74) 0.94

Dyspnoea 1.60 (1.13–2.26) 0.008 0.41 (0.13–1.29) 0.13

Ascites 3.50 (1.28–9.58) 0.015 4.41 (0.99–19.60) 0.051

Hypertension 1.09 (0.92–1.29) 0.34 1.17 (0.76–1.79) 0.48

Acute renal failure (post-operatively) 3.71 (0.39–35.76) 0.26 N/A

Dialysis (pre-operatively) 1.11 (0.14–8.71) 0.92 23.02 (1.18–254.08) 0.039

Disseminated cancer 1.67 (1.24–2.24) 0.001 1.52 (0.74–3.12) 0.25

Prior wound infection 2.93 (1.65–5.20) < 0.0001 2.59 (0.73–0.92) 0.14

Steroid use (chronic condition) 1.23 (0.82–1.85) 0.32 1.22 (0.44–3.44) 0.70

> 10% body weight loss (6 months
prior)

2.04 (1.41–2.95) < 0.0001 0.99 (0.34–2.87) 0.99

Bleeding disorders 1.68 (0.98–2.87) 0.055 2.92 (1.07–7.99) 0.037

Transfusion (72 h prior to surgery) 1.59 (0.47–5.36) 0.45 N/A

Post-operative blood transfusion 2.21 (1.67–2.94) < 0.0001 1.35 (0.68–2.67) 0.39

Systemic sepsis (prior to surgery) 2.94 (1.59–5.44) 0.001 2.12 (0.52–8.70) 0.30

Clostridium difficile occurrences 2.00 (0.83–4.82) 0.12 0.46 (0.08–2.69) 0.39

Albumin (≥ 3.50) 0.54 (0.42–0.69) < 0.0001 0.72 (0.42–1.23) 0.23

WBC × 109/L (> 12) 1.70 (1.17–2.46) 0.005 1.44 (0.64–3.25) 0.38

Haematocrit (≥ 30%) 0.70 (0.46–1.07) 0.099 0.82 (0.31–2.21) 0.70

Total operative time (≥ 180 min) 1.42 (1.20–1.71) < 0.0001 1.45 (0.94–2.25) 0.09

Anastomotic leak 72.40
(51.99–100.81)

< 0.0001 99.51
(51.22–193.31)

< 0.0001

ASA American Society of Anaesthesiologists, BMI body mass index, WBC white blood cell, N/A predictor not
tested in univariate or multivariate analysis due to low frequencies
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risk of anastomotic leak in the laparoscopic group (OR = 1.11
(0.28–4.37), P = 0.88). There was a trend to risk reduction in
terms of anastomotic leak in the open group (OR = 0.43
(0.065–2.28), P = 0.37) but this was not statistically signifi-
cant (see Table 5, Figs. 1 and 2).

Total anastomotic leak rate and leak rate by severity based
on intervention required

This study reported a statistically significant reduction in total
anastomotic leak rate for MBP and OAB in pooled laparo-
scopic and open data, and also for both open and laparoscopic

Table 3 Univariable logistic regression to identify factors associated with any surgical site infection (superficial, deep, organ) for left-sided elective
restorative colorectal surgery with pelvic anastomosis (laparoscopic vs. open)

Laparoscopic colectomy Open colectomy

Variable Univariate logistic Univariate logistic

OR (95% CI) P OR (95% CI) P

Mechanical bowel preparation

MBP −/ABX − (reference) < 0.0001

MBP +/ABX − 1.04 (0.74–1.47) 0.81 0.72 (0.50–1.03) 0.075

MBP −/ABX + 1.24 (0.66–2.33) 0.51 0.56 (0.24–1.28) 0.17

MBP +/ABX + 0.52 (0.37–0.75) < 0.0001 0.41 (0.29–0.57) < 0.0001

Primary indication

Acute diverticulitis—(reference) 0.65 0.035

Crohn’s disease or ulcerative colitis N/A N/A 0.35 (0.11–1.06) 0.063

Colorectal cancer 0.87 (0.57–1.34) 0.53 0.51 (0.32–0.82) 0.006

Other 0.78 (0.50–1.20) 0.26 0.55 (0.34–0.88) 0.012

Stoma 1.25 (0.79–1.96) 0.34 1.24 (0.85–1.82) 0.26

Male 0.90 (0.71–1.14) 0.38 1.30 (1.01–1.67) 0.039

Age ≥ 80 years 1.34 (0.81–2.24) 0.26 0.96 (0.58–1.58) 0.88

BMI ≥ 30 kg/m2 1.65 (1.30–2.09) < 0.0001 1.51 (1.71–1.94) 0.001

ASA (≥ 3) 1.55 (1.22–1.96) < 0.0001 1.26 (0.97–1.62) 0.079

Diabetes 1.25 (0.90–1.74) 0.18 1.39 (0.99–1.95) 0.058

Dyspnoea 1.37 (0.81–2.31) 0.24 1.67 (1.04–2.68) 0.034

Ascites 5.15 (0.53–49.65) 0.16 2.07 (0.67–6.38) 0.207

Hypertension 1.01 (0.80–1.28) 0.95 1.09 (0.85–1.40) 0.48

Acute renal failure (post-operatively) N/A N/A 6.69 (0.42–107.22) 0.18

Dialysis (pre-operatively) N/A N/A 2.23 (0.23–21.48) 0.49

Disseminated cancer 1.40 (0.83–2.37) 0.21 1.32 (0.92–1.91) 0.13

Prior wound infection 1.06 (0.25–4.48) 0.93 3.08 (1.58–6.01) 0.001

Steroid use (chronic condition) 1.32 (0.72–2.40) 0.37 0.96 (0.55–1.67) 0.88

> 10% body weight loss (6 months prior) 1.28 (0.64–2.55) 0.482 2.07 (1.31–3.26) 0.002

Bleeding disorders 1.48 (0.63–3.44) 0.37 1.53 (0.76–3.08) 0.23

Transfusion (72 h prior to surgery) 1.10 (0.14–8.40) 0.93 1.91 (0.40–9.25) 0.42

Post-operative blood transfusion 1.74 (1.02–2.96) 0.041 1.76 (1.24–2.48) 0.001

Systemic sepsis (prior to surgery) 4.34 (1.97–9.58) < 0.0001 1.60 (0.60–4.27) 0.35

Clostridium difficile occurrences 3.84 (1.43–10.33) 0.008 0.52 (0.07–3.99) 0.53

Albumin (≥ 3.50) 0.68 (0.46–1.01) 0.056 0.54 (0.38–0.75) < 0.0001

WBC × 109/L (>12) 1.77 (1.04–3.00) 0.036 1.43 (0.85–2.41) 0.18

Haematocrit (≥ 30%) 0.62 (0.33–1.16) 0.14 1.00 (0.57–1.75) 1.00

Total operative time (≥ 180 min) 1.41 (1.10–1.81) 0.007 1.36 (1.04–1.78) 0.024

Anastomotic leak 110.12 (72.62–166.98) < 0.0001 41.52 (23.74–72.60) < 0.0001

ASAAmerican Society of Anaesthesiologists,BMI bodymass index,WBCwhite blood cell,N/A predictor not tested in univariate or multivariate analysis
due to low frequencies
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cohorts when analysed separately. The overall leak rate was
low in both the open and laparoscopic cohort. A separate
analysis was performed to assess the risk of leak stratified by
intervention required (no treatment/intervention/reoperation/
unknown). The aim of this was not to show a statistically
significant outcome as the number of leaks was low in both

groups and it was not likely to draw conclusive results from
this analysis. However, this analysis was performed as anas-
tomotic leaks are an area of significant interest to colorectal
surgeons. In this study, MBP with OAB had the lowest rate of
leak requiring intervention and leak requiring reoperation in
both the laparoscopic and open cohorts, but this did not reach

Table 4 Multivariate logistic
regression to identify factors
associated with any surgical site
infection (superficial, deep,
organ) for left-sided elective
restorative colorectal surgery with
pelvic anastomosis (laparoscopic
vs. open)

Laparoscopic colectomy Open colectomy

Variable Multivariate logistic Adjusted multivariate logistic

OR (95% CI) P OR (95% CI) P

Mechanical bowel preparation

MBP −/ABX − (reference) 0.046 0.031

MBP +/ABX − 1.17 (0.51–2.70) 0.71 0.963 (0.45–2.07) 0.92

MBP −/ABX + 0.58 (0.11–3.08) 0.51 0.47 (0.096–2.35) 0.36

MBP +/ABX + 0.44 (0.19–1.04) 0.062 0.41 (0.20–0.83) 0.013

Primary indication

Acute diverticulitis—(reference) 0.20 0.12

Crohn’s disease or ulcerative
colitis

N/A N/A 2.73 (0.48–15.37) 0.26

Colorectal cancer 0.46 (0.14–1.52) 0.20 0.46 (0.15–1.36) 0.16

Other 0.97 (0.31–3.05) 0.96 0.59 (0.20–1.74) 0.34

Stoma 0.47 (0.11–2.03) 0.31 1.23 (0.58–2.61) 0.60

Male 1.11 (0.60–2.08) 0.73 1.64 (0.92–2.95) 0.096

Age ≥ 80 years 1.60 (0.43–5.87) 0.49 0.89 (0.26–3.05) 0.85

BMI ≥ 30 kg/m2 1.80 (0.95–3.40) 0.073 1.37 (0.75–2.52) 0.31

ASA (≥ 3) 0.68 (0.34–1.36) 0.28 0.65 (0.36–1.19) 0.16

Diabetes 0.96 (0.39–2.38) 0.93 1.24 (0.55–2.77) 0.61

Dyspnoea 0.36 (0.061–2.15) 0.26 0.42 (0.086–2.04) 0.28

Ascites 41.89 (2.20–798.75) 0.013 2.53 (0.42–15.32) 0.31

Hypertension 1.13 (0.58–2.20) 0.71 1.24 (0.68–2.28) 0.49

Acute renal failure (post-operatively) N/A N/A N/A N/A

Dialysis (pre-operatively) N/A N/A 14.0 (0.70–281.68) 0.085

Disseminated cancer 0.14 (0.017–1.15) 0.067 1.94 (0.88–.26) 0.099

Prior wound infection N/A N/A 5.28 (1.17–23.80) 0.030

Steroid use (chronic condition) 5.29 (1.40–20.02) 0.014 0.52 (0.14–1.98) 0.34

> 10% body weight loss (6 months
prior)

0.49 (0.023–10.30) 0.65 0.78 (0.25–2.47) 0.67

Bleeding disorders 4.59 (1.02–20.62) 0.047 2.22 (0.49–9.95) 0.30

Transfusion (72 h prior to surgery) N/A N/A N/A N/A

Post-operative blood transfusion 2.07 (0.56–7.60) 0.27 0.99 (0.43–2.28) 0.98

Systemic sepsis (prior to surgery) 2.95 (0.27–32.62) 0.38 1.83 (0.28–11.98) 0.53

Clostridium difficile occurrences 0.61 (0.065–5.73) 0.67 N/A N/A

Albumin (≥ 3.50) 1.41 (0.52–3.87) 0.50 0.60 (0.30–1.22) 0.16

WBC × 109/L (> 12) 1.87 (0.54–6.50) 0.33 0.87 (0.24–3.16) 0.84

Haematocrit (≥ 30%) 0.33 (0.083–1.32) 0.12 1.04 (0.28–3.84) 0.95

Total operative time (≥ 180 min) 2.01 (1.00–4.07) 0.051 1.28 (0.70–2.34) 0.42

Anastomotic leak 357.99
(124.09–1032.80)

< 0.0001 40.45
(14.17–115.46)

< 0.0001

ASA American Society of Anaesthesiologists, BMI body mass index, WBC white blood cell, N/A predictor not
tested in univariate or multivariate analysis due to low frequencies
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statistical significance in either group. OAB alone had the
second lowest rate of leak requiring intervention and leak
requiring reoperation.

Risk of Clostridium difficile

Based on the available data, there was no increase in
C. difficile occurrences with the use of MBP and OAB. The
C. difficile rate was 1.3% (7/528) in the no preparation group,
1.2% (10/828) in the MBP alone group, 1.0% (1/103) in the
OAB alone group and 1.2% (17/1464) in the MBP and OAB
group. No significant differences were detected in C. difficile
occurrences based on MBP and OAB status (P = 0.0987).
However, there was a significant amount of missing data in
this field (51% (2923/5729) completed).

Discussion

While there have been many ACS-NSQIP studies on this top-
ic, this study specifically reports on left-sided elective restor-
ative colorectal surgery with pelvic anastomosis with and

without faecal diversion. This study also specifically reports
on open and laparoscopic cohorts separately and also provides
an analysis on anastomotic leaks classified by severity based
on interventions required. Furthermore, as we previously
mentioned, we only included the 2015 ACS-NSQIP data.
By only analysing the 2015 ACS-NSQIP data, this study pro-
vided another point of difference from other recent studies.
Studies which included data from the 2012–2014 period in-
clude Kiran et al. (2015) which analysed the 2012 ACS-
NSQIP data and was in favour of MBP and OAB [2],
Garfinkle et al. (2017) which analysed the 2012–2014 ACS-
NSQIP data and favoured OAB alone [3] and Klinger et al.
(2017) which evaluated the 2012–2015 ACS-NSQIP data,
favoured MBP with OAB [4].

Comparing outcomes of this study with RCTs
and meta-analysis

Majority of RCTs studying MBP and OAB report outcomes
associated with open surgery. As a result, the meta-analyses
which have pooled results on this topic [1, 5–8, 12] have
reported on outcome measures based mainly on data from

Table 5 Multivariate logistic
regression to identify the odds of
anastomotic leak according to the
type of mechanical bowel
preparation and antibiotic use
prior to left-sided elective
restorative colorectal surgery with
pelvic anastomosis

Laparoscopic colectomy Open colectomy

Variable Adjusted OR (95% CI) P Adjusted OR (95% CI) P

Mechanical bowel preparation

MBP −/ABX − (reference) 0.079 0.062

MBP +/ABX − 0.94 (0.43–2.03) 0.87 0.29 (0.087–0.98) 0.045

MBP −/ABX + 1.11 (0.28–4.37) 0.88 0.43 (0.065–2.28) 0.37

MBP +/ABX + 0.42 (0.19–0.94) 0.035 0.30 (0.12–0.77) 0.012

Fig. 1 SSI and anastomotic leak complications according to type of bowel preparation for laparoscopic colectomy. Statistical significance, *P < 0.05 and
**P < 0.0001
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open surgery. There have been very few RCTs reporting on
laparoscopic outcomes only [17, 18] and several RCTs
reporting on both laparoscopic and open surgery [19–22].
There have only been a handful of RCTs that have reported
on left-sided colorectal surgery [13, 20, 23]. A meta-analysis
of RCTs only by Chen et al. on this topic demonstrated a
benefit with MBP and OAB over MBP alone [1], but it did
not report on other MBP and OAB strategies nor side of re-
section. Our study was able to show that MBP with OAB for
left-sided restorative colorectal surgery was associated with a
statistically significant risk reduction in anastomotic leak in
both groups, and a significant reduction in SSIs in the open
cohort and trend to risk reduction in SSIs that just missed
statistical significance on multivariable analysis in the laparo-
scopic cohort.

Our study also confirmed no difference between MBP
alone and no preparation. The outcome of our study was sim-
ilar to several meta-analyses including the Cochrane review
[5, 6] which have demonstrated no difference between MBP
alone and no preparation in terms of mortality, anastomotic
leak, surgical site infection or reoperation. Several meta-
analyses have even shown harm with MBP [7, 8]. Our study
did not show increased risk of harm with MBP alone.

Comparing outcomes of this study with other
ACS-NSQIP studies

While most ACS-NSQIP studies report on both sides, our
study was not the first ACS-NSQIP study to look specifically
at left-sided colorectal surgery. Elnahas et al. evaluated left-
sided colorectal surgery using the 2011–2012 ACS-NSQIP

data. This study reported on MBP alone vs. no preparation
prior to elective left-sided colorectal surgery but did not report
on OAB. This study showed that MBP alone decreased the
rate of anastomotic leaks [24]. Our study was not able to
demonstrate a difference between MBP alone and no prepa-
ration. Compared to no preparation, MBP alone was not as-
sociated with a statistically significant reduction in anastomot-
ic leak in total nor in the laparoscopic group (OR 0.94, 95%CI
0.43–2.03). There appeared to be a risk reduction for MBP
alone vs. no preparation in the open group (OR 0.29, 95% CI
0.087–0.98) but this was an isolated finding. There were no
other risk reductions in SSIs or short-term outcomes with
MBP alone when compared to no preparation in this study.
The greatest benefit in terms of minimising anastomotic leak
in both the open and laparoscopic groups was with MBP with
OAB (Laparoscopic OR = 0.42, 95% CI 0.19–0.94; Open
OR = 0.30, 95% CI 0.12–0.77). OAB alone did not reduce
the risk of anastomotic leak on multivariate logistic
regression.

Another study that reported on left-sided colorectal surgery
was by Moghadamyeghaneh et al. which assessed the 2012–
2013 ACS-NSQIP data [25]. This study included outcomes
from both sides but performed a separate analysis of right and
left sides [25]. In this study, left-sided surgery included sur-
gery for splenic flexure, descending colon, sigmoid and
rectosigmoid junction surgery [25], whereas our study fo-
cused only on left-sided colorectal surgery with low pelvic
anastomosis. While there were differences between the study
by Moghadamyeghaneh et al. and ours, both studies showed
that MBP with OAB reduced SSIs and anastomotic leakage
[25]. Other ACS-NSQIP studies which have favoured MBP

Fig. 2 SSI and anastomotic leak complications according to type of bowel preparation for open colectomy. Statistical significance, *P < 0.05 and
**P < 0.0001
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with OAB include studies by Kiran et al. [2], Scarborough
et al. [26] and Klinger et al. [4]. The point of difference be-
tween these studies and ours was that our study did not include
any data from the 2012–2014 period and we excluded a large
number of procedures that were included in the
abovementioned studies.

This study challenged the outcomes reported by the ACS-
NSQIP studies performed by Garfinkle et al. [3] and Atkinson
et al. [27] which recommend OAB alone strategies. Although
we demonstrated a trend to reduction in SSIs with OAB alone
in our study, results were not statistically significant. On
univariable analysis of the laparoscopic cohort, the OR for
SSIs for OAB alone was 1.24 (0.66–2.33), P = 0.51; on mul-
tivariable analysis, the OR was 0.58 (0.11–3.08), P = 0.51.
Nor were we able to demonstrate a statistically significant
benefit in minimising anastomotic leak with OAB alone.
The lack of statistical significance in our study may have been
due to the smaller number of patients who received OAB
alone (n = 199) as we only included four CPT codes for anal-
ysis to perform a focused analysis. This was the least common
of the four strategies (MBP with OAB, OAB alone, MBP
alone, no preparation) prior to elective left-sided colorectal
surgery reported in the ACS-NSQIP database.

This study has several limitations including the observa-
tional nature of this study, lack of information on the type of
MBP and OAB used, the inherent difficulties and inaccuracies
of using data from a large surgical registry with missing and
unknown data, the small number of patients in the OAB alone
group, the inconsistencies in the NSQIP data for colectomies
and proctectomies, lack of propensity score matching (we
found propensity score matching significantly reduced the
number of observations used in analysis without any real ad-
vantage to the multivariable logistic regression model), group
heterogeneity and high risk of selection bias both due to the
non-randomised nature of this study as well as missing data in
variable fields.

The main strength of this study was the specific inclusion
criteria to only include data from left-sided elective restorative
colorectal surgery with pelvic anastomosis only, the separate
analysis for open and laparoscopic procedures, analysis of
anastomotic leak classified by severity based on interventions
required and analysis of a cohort independent from previous
studies. By using a large population-based database, evenwith
a focused review of four CPT codes for a one-year period, the
size of our study was still substantial (n = 5729). To the best of
our knowledge, this is the largest observational study evaluat-
ing the role of MBP with OAB on SSIs and anastomotic leak
specifically prior to left-sided restorative colorectal surgery
with pelvic anastomosis. A large, well-designed, multicentre,
placebo-controlled RCT comparing all four strategies or at
least MBP with OAB vs. OAB alone (with IV antibiotics as
standard) would be ideal to confirm the findings of this study.

Conclusions

This study has clearly demonstrated that of the four strategies
(MBP with OAB, OAB alone, MBP alone, no preparation),
MBP with OAB is associated with the greatest risk reduction
in SSIs and anastomotic leak when used prior to elective left-
sided restorative colorectal surgery with pelvic anastomosis
with and without faecal diversion in both a laparoscopic and
open setting. MBP alone has no significant benefit over no
preparation. Both MBP alone and no preparation strategies
were associated with higher risk of SSIs. There may be a small
benefit with OAB alone, but it did not reach statistical signif-
icance. MBPwith OAB is the best approach to reduce surgical
site infection in patients undergoing left-sided elective restor-
ative colorectal surgery.
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