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Bowel Preparation: Always,  
Sometimes, Never?

Timothy A. Rockall and Rishabh Singh

�Introduction

The administration of bowel preparation prior to elective 
colorectal resection is contentious. There is dogma and 
strongly held opinion both for and against. At present there is 
a cultural divide between the USA and many countries in 
Europe, particularly regarding guidelines and recommenda-
tions in this area advocated by the Enhanced Recovery After 
Surgery (ERAS®) Society and the American Society for 
Enhanced Recovery (ASER) [1–3]. This chapter tries to 
address the evidence that exists with regard to benefits or 
otherwise of mechanical bowel preparation (MBP) alone or 
MBP combined with oral antibiotics in different circum-
stances and in the context of ERAS.

The original work on what has come to be known as 
“enhanced recovery after surgery” (ERAS) was in the field of 
colorectal surgery [4], and this remains the area in which the 
most research evidence exists. One of the dogmas of colorec-
tal surgery has been the necessity to administer mechanical 
bowel preparation for patients undergoing colorectal resec-
tion, and this is an element of treatment that has been chal-
lenged in the context of ERAS.  Its avoidance has been a 
central tenet of colorectal ERAS since its inception.

Bowel preparation was first established during an era of 
open surgery, limited antibiotics, and sutured anastomoses, 
which necessitated opening the bowel within the abdominal 
cavity. Modern colorectal surgery with its emphasis on lapa-
roscopy and the use of stapling technologies avoids this in 
most circumstances, and so it is possible that the rationale for 
bowel preparation is no longer valid. Indeed it has been 
shown in numerous studies that surgical site infection (SSI) 

rates are significantly lower in patients who have undergone 
laparoscopic surgery [5].

The questions are firstly whether mechanical bowel prep-
aration prior to surgery is effective in reducing infective 
complications (that includes superficial and deep surgical 
site infections and including anastomotic leaks) and sec-
ondly whether bowel preparation has a negative impact on 
fluid and electrolyte balance of patients prior to surgery that 
might have an adverse outcome in terms of complications 
and recovery. It is possible that both are correct and then we 
must consider the balance of risk and benefit.

There are a number of variables that need to be consid-
ered with regard to mechanical bowel preparation. The vari-
able that is attracting the most attention and is mostly 
responsible for the schism in bowel preparation guidelines is 
the synchronous use of oral nonabsorbable antibiotics. This 
chapter will go on to analyze the data that exists in this area.

�Arguments in Favor of Mechanical  
Bowel Preparation

Effective mechanical bowel preparation results in a macro-
scopically cleaner bowel with potentially easier bowel han-
dling and a theoretical lower risk of gross peritoneal or 
wound contamination. It also results in a reduction in the 
quantity of bowel content at the site of anastomosis for a 
period of time postoperatively, or longer where the anasto-
mosis is defunctioned with a proximal stoma.

It has been assumed that the bacterial load in the colon is 
reduced but this is incorrect [6]. Additionally, there is no need 
for a preoperative enema or distal washout of the rectum prior 
to inserting mechanical staplers into the rectum, and the oper-
ation itself might be seen to be aesthetically less unpleasant.

From an outcome perspective, it is believed by many sur-
geons that it results in a lower risk of surgical site infection 
and anastomotic leak. It is also believed that if patients 
receive bowel preparation and are defunctioned with a proxi-
mal stoma, then any leak that does occur will be easier to 
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manage and have less disastrous consequences. This chapter 
will go on to address the evidence that exists in this area. The 
findings of recent meta-analyses and systematic reviews are 
summarized in Table 12.1 [6–15].

Lastly, while there is evidence that bowel preparation can 
cause significant electrolyte disturbance, there is evidence to 
the contrary that with modern preparations and appropriate 
use the risk of this can be negated [16].

Table 12.1  Summary of meta-analyses and systematic reviews regarding mechanical bowel preparation and antibiotics

Authors Origin of study
Population/
studies included Comparison

Outcome 
measures Important findings

Limitations of study/
comments

Rollins 
et al. [7]

United Kingdom, 
Annals of Surgery 
2018

28 RCTs, 12 
cohort studies

1. �Combined 
antibiotics + MBP 
vs MBP

2. �Combined 
antibiotics + MBP 
vs combined 
antibiotics

3. �Combined 
antibiotics + MBP 
vs no NMBP

4. �Combined 
antibiotics vs 
NMBP

5. �Combined 
antibiotics vs 
MBP

SSI, anastomotic 
leak, 30-day 
mortality, 
morbidity, 
development of 
ileus, C. difficile 
infection rates

Combined antibiotics 
with MBP showed 
significant reduction of 
all outcome measures, 
no increase in C-diff 
rates
No difference between 
combined antibiotics 
and MBP vs combined 
antibiotics alone in 
terms of SSI and leak. 
Reduction in 30-day 
mortality and ileus
Combined antibiotics 
with MBP associated 
with lowest risk of SSI

Limited data 
regarding comparison 
between combined 
antibiotics + MBP vs 
combined antibiotics 
alone

Toh et al. 
[8]

Australia, Journal 
of the American 
Medical 
Association 2018

38 RCTs 1. MBP vs NMBP
2. �Combined 

antibiotics with 
MBP vs 
combined 
antibiotics

3. �Combined 
antibiotics with 
MBP versus MBP

SSI, superficial 
and deep, 
anastomotic leak, 
mortality, 
readmission, 
urinary infections, 
pulmonary 
complications

Combined antibiotics 
with MBP associated 
with lowest risk of SSI
No significant 
difference found in 
comparison between 
combined antibiotics 
with MBP versus 
combined antibiotics 
alone
MBP alone conferred 
no benefit

Limited data 
regarding comparison 
between combined 
antibiotics + MBP vs 
combined antibiotics 
alone
Most studies assessed 
open surgery

Rollins 
et al. [6]

United Kingdom, 
World Journal of 
Gastroenterology, 
2018

23 RCTs, 12 
observational 
studies

MBP vs NMBP vs 
rectal enema

Anastomotic leak, 
SSI, deep SSI, 
length of hospital 
stay, mortality

Overall analysis 
showed no difference
Analysis of RCTs alone 
showed no difference
Observational studies 
found in favor of MBP 
in nearly all outcome 
measures, although not 
when compared with 
rectal enema

Did not take into 
account MIS
Did not take into 
account use of 
antibiotics

Dahabreh 
et al. [9]

United States, 
Diseases of the 
Colon and Rectum, 
2015

18 RCTs, 7 
nonrandomized 
trials, 6 single 
group cohorts

MBP vs NMBP Length of 
hospital stay, 
quality of life and 
adverse events, 
postoperative 
complications

Overall analysis 
showed no difference

States data reporting 
with regard to 
surgical access and 
antibiotics poor

Güenaga 
et al. [10]

Brazil, Cochrane 
Review, 2011

18 RCTs MBP vs NMBP vs 
rectal enema

Anastomotic leak, 
SSI

No statistically 
significant differences 
between MBP, NMBP, 
and rectal enema alone
Rectal and colonic 
surgery analyzed 
separately—no 
significant difference

Only a small 
proportion of patients 
had minimally 
invasive surgery
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Table 12.1  (continued)

Authors Origin of study
Population/
studies included Comparison

Outcome 
measures Important findings

Limitations of study/
comments

McSorley 
et al. [11]

United Kingdom, 
British Journal of 
Surgery, 2018

14 RCTs, 8 
observational 
studies

Combined 
antibiotics + MBP 
vs MBP

SSI, anastomotic 
leak, 
postoperative 
ileus, 
readmission, 
mortality

IOMBP significantly 
reduced SSI in both 
RCTs and 
observational studies
Sub-analysis assessing 
deep space SSI, 
anastomotic leak rates, 
postoperative ileus, 
readmission rates, and 
mortality found 
significantly in favor of 
IOMBP, but only when 
cohort studies 
considered. RCTs 
either showed no 
difference or did not 
assess

Variations in type of 
MBP and antibiotic 
regimen used
Limitations of cohort 
studies

Koullouros 
et al. [12]

United Kingdom, 
International 
Journal of 
Colorectal 
Diseases, 2017

23 RCTs, 8 
cohort studies

1. �Oral antibiotics vs 
intravenous 
antibiotics

2. �Combined 
antibiotics + MBP 
vs MBP

3. �Combined 
antibiotics vs 
combined 
antibiotics + MBP

SSI (superficial 
and deep)

Both RCTs and cohorts 
found significantly in 
favor of combined 
antibiotics versus one 
modality
Found no difference 
between combined 
antibiotics alone vs 
IOMBP, both in RCTs 
and cohort studies

Majority of RCTs 
published in the 
1980s
Heterogeneity in 
antibiotics and MBP 
regimens

Chen et al. 
[13]

China, Diseases of 
the Colon and 
Rectum, 2016

7 RCTs MBP vs combined 
antibiotics + MBP

SSI (superficial 
and deep)

IOMBP had 
statistically significant 
lower incisional SSI 
rates
Equivocal result with 
regard to deep SSI

States studies were 
not blinded
Reporting of 
antibiotic regimens 
poor

Allegranzi 
et al. [14]

World Health 
Organization, 
Lancet, 2016

11 RCTs 
comparing (1), 
13 RCTs 
comparing (2)

1. Combined 
antibiotics + MBP 
vs MBP
2. MBP vs NMBP

SSI, anastomotic 
leak

IOMBP reduces SSI 
rate, no difference in 
rates of anastomotic 
leak
Equivocal result 
regarding MBP vs 
NMBP

Heterogeneity 
regarding antibiotic 
and bowel 
preparation protocols

Nelson 
et al. [15]

United Kingdom, 
Cochrane Review, 
2014

96 RCTs 1. �Antibiotics vs no 
antibiotics

2. �Oral antibiotics vs 
intravenous 
antibiotics

3. �Combined 
antibiotics vs 
intravenous 
antibiotics

4. �Timing of 
antibiotic doses

5. �Pathogenic 
coverage

SSI (abdominal 
wound infection)

Antibiotic prophylaxis 
should cover anaerobic 
and aerobic pathogens
Both OAB and IAB 
significantly reduce 
SSI, with combined 
regimens having the 
greatest effect

Did not take into 
account MBP

RCTs randomized controlled studies, MBP mechanical bowel preparation, NMBP no mechanical bowel preparation, SSI surgical site infection, 
MIS minimally invasive surgery, IO combined antibiotics, OAB oral antibiotics, IAB intravenous antibiotics, IOMBP intravenous and oral antibiot-
ics with mechanical bowel preparation

12  Bowel Preparation: Always, Sometimes, Never?



108

�Arguments Against the Routine Use 
of Mechanical Bowel Preparation

There are many mechanical bowel preparation regimes, but 
they all require the ingestion of large volumes of fluid. 
However, there are some new lower volume (1  L) bowel 
preparations now on the market [17].

They are undoubtedly unpleasant for the patient and can 
be very challenging, particularly in the elderly and frail, and 
are known to cause hypovolemia and electrolyte imbalance 
including hyponatremia, hypernatremia, hypokalemia, hypo-
calcemia, hypomagnesemia, and phosphate nephropathy. 
MBP may therefore be particularly dangerous in patients 
with cardiac and renal comorbidity [18, 19].

They are also variably effective, and there is a recognized 
failure or partial failure rate that can result in a situation that 
is worse for the surgeon than having no bowel preparation at 
all [20]. A dilated fluid-filled colon and rectum is probably 
more hazardous than an unprepared large bowel [21]. 
Furthermore, it is possible to precipitate acute bowel obstruc-
tion (albeit relatively rarely) by giving bowel preparation to 
patients with impending obstruction, which in itself may 
necessitate a change of surgical approach—usually to the 
detriment of the patient. There is also evidence to suggest 
exacerbation of postoperative ileus and impaired anasto-
motic healing [22].

By comparison, rectal enemas are usually well tolerated, 
are safe in almost all circumstances, and are generally effec-
tive in emptying the rectum and the left colon—although 
they may not empty the colon proximal to a stenosing lesion.

�Patient Effects and Considerations

One of the principles of effective ERAS is to bring the patient 
to surgery in an optimized state, which includes a status of 
normovolemia and normal electrolyte balance. This is 
achieved by maintaining oral hydration and supplementation 
in the 24 hours prior to surgery. Mechanical bowel prepara-
tion has a capacity to disrupt this and indeed may be hazard-
ous in patients with cardiac and renal dysfunction in 
particular [18, 19]. The need to purge may also cause signifi-
cant sleep disturbance.

This may then impact on fluid requirement during the 
operative and postoperative period that may increase compli-
cations and hospital stay. Mechanical bowel preparation is 
often self-administered in an unsupervised environment, 
which may result in poor recognition of these problems and 
may also result in non-compliance and failed preparation. 
Frail patients may receive bowel preparation in hospital 
under supervision and be administered in conjunction with 

intravenous rehydration, but the overall fluid and electrolyte 
impact of these two interventions is difficult to gauge. 
Inpatient preparation also does not safeguard against signifi-
cant complications [23]. Simple estimations of serum urea 
and electrolytes following these interventions may not accu-
rately reflect significant disruptions in homeostasis. Patient 
factors that must be taken into account when considering 
MBP are outlined in Table 12.2.

Most colonoscopy studies report a failure rate of between 
20% and 40%, with only about 1:5 patients with failed 
preparation reporting not following instructions adequately. 
This failure rate relates to inadequacy for colonoscopic 
purposes with reduced adenoma detection rates in particu-
lar but nevertheless gives an idea of the limitations [18, 19, 
23]. Risk factors for failed or inadequate preparation are 
outlined in Table 12.3 [24–26]. In addition to bowel prepa-
ration not necessarily clearing the bowel adequately of 
stool, it is unlikely to have much impact upon bacteriology 
in the lumen.

Table 12.2  Patient factors when considering mechanical bowel 
preparation

The patient Is the patient at high risk of dehydration and 
electrolyte imbalance?
Is the patient immunocompromised?
Is the patient at increased risk of infection? Diabetic/
obese?
What is the risk of failure of mechanical bowel 
preparation if it is administered?

The 
pathology

Does the patient have impending bowel obstruction?
Does the patient have malignancy or inflammatory 
bowel disease?
Is there pre-existing infection?
Has the patient had preoperative radiotherapy?

The 
operation

Does the operation involve an anastomosis?
If so, where is the anastomosis: ileocolic, colocolic, 
colorectal, ileo-rectal?
Is the anastomosis to be defunctioned?
Is the operation being performed laparoscopically or 
via a laparotomy?

The trials Which bowel preparation regime is being tested?
What is it being compared to—enema or none?
What synchronous antibiotic regime is used?
Are oral nonabsorbable antibiotics used?

Table 12.3  Risk factors for failed mechanical bowel preparation

Risk factors for inadequate 
bowel preparation

Instructions not followed properly
Previously failed bowel 
preparation
Procedural indication as 
constipation
Use of tricyclic antidepressants
Male patient
Hospitalized patient
Medical history of stroke, 
cirrhosis, dementia
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�Surgical Site Infection and Anastomotic  
Leak Rates

It should be noted that the question of whether any antibiot-
ics should be used prior to colorectal surgery has been 
answered. The evidence is categorical that they should be 
administered, and controversy regarding this was laid to rest 
many years ago [27, 28]. There have, however, been more 
recent meta-analyses, the findings of which have been con-
cordant with earlier work. In a 2014 Cochrane review, Nelson 
et al. found a risk ratio (RR) of 0.34 when comparing antibi-

otics to no antibiotics or placebo with regard to surgical 
wound infections (Fig. 12.1) [15].

Indeed, many recent papers that cite the use of “mechanical 
bowel preparation alone” in fact refer to the use of MBP with 
systemic antibiotics prior to surgery, but without additional oral 
antibiotics. Furthermore, papers that cite “no bowel prepara-
tion or antibiotics” do in fact mean that perioperative systemic 
antibiotics had been given, but no oral antibiotics. Therefore, 
for the remainder of the chapter, “MBP” refers to the adminis-
tration of mechanical bowel preparation and systemic intrave-
nous antibiotics at the time of anesthetic induction.

Fig. 12.1  (a, b) Antibiotic versus antibiotic/placebo, Outcome 1 surgical wound infection (SWI). (Reprinted with permission from Nelson 
et al. [15])

Analysis 1.1. Comparison I antibiotic versus no antibiotic/placebo, outcome I surgical wound infection
(SWI).

a

Review: Antimicrobial prophylaxis for colorectal surgery

Comparison: I antibiotic versus no antibiotic/placebo

Outcome: I surgical wound infection (SWI)
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There are, however, three further questions regarding the 
outcomes of bowel preparation in relation to surgical site 
infection that can be addressed in the literature:

•	 What is the evidence that mechanical bowel preparation 
on its own reduces surgical site infection or anastomotic 
leak in colorectal resection when compared to no prepara-
tion at all or compared to rectal enemas alone?

•	 What is the evidence that mechanical bowel preparation 
when combined with the administration of oral nonab-
sorbable antibiotics reduces surgical site infection or 
anastomotic leak?

•	 What is the evidence that systemic and oral antibiotics 
without mechanical bowel preparation reduce surgical 
site infection or anastomotic leak when compared to 
mechanical bowel preparation in combination with 
antibiotics?

Analysis of the data is problematic for all questions 
because of the heterogeneity of the studies. Colonic resec-
tions with different pathologies and different anatomical 

anastomoses are often pooled together. Rectal anastomoses 
that are defunctioned are sometimes excluded. Different 
mechanical bowel preparation regimes are used and some-
times combined with enemas. The surgical approach (open 
or laparoscopic) varies and is not always quantified. There 
are also many retrospective database studies, analysis of 
which carries inherent risks of significant bias. There are, 
however, many recent meta-analyses that have largely 
assessed randomized controlled trials (RCTs). These are 
summarized in Table 12.1 [6–15].

�Mechanical Bowel Preparation  
Versus No Preparation

There is extensive data available for analysis that answers the 
question of whether bowel preparation, with or without addi-
tional oral antibiotics, is effective or not. This includes many 
randomized controlled trials and observational studies.

These have all recently been subjected to a good quality 
meta-analysis [6]. This can be seen in the context of a previ-
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Heterogeneity: Tau2 = 0.03; Chi2 = 32.94, df = 29 (P = 0.28); I 2 = 12%
Test for overall effect: Z = 11.39 (P < 0.00001)
Test for subgroup differences: not applicable
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Fig. 12.1  (continued)
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ous Cochrane review [10] and meta-analyses that all have the 
same conclusion [9, 14, 29]. This is that there is no evidence 
of reduced surgical site infection rate or anastomotic leak 
rate with mechanical bowel preparation when compared to 
no bowel preparation or rectal enema alone. These conclu-
sions are similar whether the meta-analysis includes RCTs 
only or if the observational studies are included. If, however, 
the observational studies are looked at in isolation, there is 
an apparent benefit that is difficult to explain.

Whether bowel preparation should be administered prior to 
low rectal resection with a defunctioned anastomosis is uncer-
tain, and it remains most surgeons’ practice to do so. Leaving 
a colon full of feces proximal to a low rectal anastomosis with 
a defunctioning ileostomy proximal to this seems illogical. 
There is some evidence that an ileostomy in itself inhibits 
colonic peristalsis [30]. It is therefore feasible that the combi-
nation of a rectal enema to empty the left colon and a proximal 
ileostomy may be as effective as full bowel prep in preventing 
the passage of fecal material past a newly formed rectal anas-
tomosis, and the purported surgical complications.

There is evidence to support this theory. As discussed pre-
viously, Rollins et al. found that although RCTs showed no 
benefit to MBP in terms of reducing SSI, analysis of obser-
vational studies alone did show a statistically significant 
reduction. This, however, was negated when compared to 
studies that utilized a rectal enema in place of full MBP [6]. 
In their Cochrane review of 18 RCTs, Güenaga et al. found 
no difference in SSI rates or complications between MBP 
and rectal enema [10].

It should be noted that the overwhelming majority of 
patients included in these meta-analyses had at least sys-
temic antibiotics perioperatively. A smaller proportion had 
additional oral antibiotics, and a smaller proportion still had 
oral antibiotics in isolation.

�Mechanical Bowel Preparation 
with Combined Versus Unimodal Antibiotics

The question of whether combined antibiotics—systemic 
and oral—in conjunction with bowel preparation are effec-
tive at reducing SSI has also been assessed by meta-analysis 
in recent years. The meta-analyses have compared SSI rates 
with patients receiving solely systemic antibiotics and 
mechanical bowel preparation.

The intention of systemic antibiotics is to achieve an ade-
quate concentration in tissues at the time of operation and 
opening of the colon. There is a belief, however, that intralu-
minal organisms are unaffected by this, therefore necessitat-
ing the use of oral antibiotics. A logical inference from this is 
that emptying of the colon reduces bacterial load and the 
three interventions combined would result in the lowest rate 
of SSI, and potentially other complications.

In a 2018 meta-analysis, Rollins et  al. found that com-
bined antibiotics with MBP were associated with a significant 
reduction in SSI risk when compared with MBP (RR: 0.51) 
(Fig. 12.2) [7]. This remained the case when assessing solely 
RCTs or cohort studies. In terms of overall analysis and when 
considering cohort studies, combined antibiotics were also 
associated with a reduced risk of anastomotic leak, 30-day 
mortality, and morbidity. When considering RCTs alone, 
there was no significant difference. Overall analysis revealed 
a lower risk of ileus with combined antibiotics, but not when 
cohort studies or RCTs were analyzed in isolation [7].

In their analysis of RCTs only, Chen et  al. found that 
combined antibiotics with mechanical bowel prep signifi-
cantly reduced SSI (7.2% vs 16%), but had no effect on 
organ space SSI [13]. This was in accordance with the find-
ings of Koullouros et  al., who arrived at a risk reduction 
(RR) of 0.48 in favor of a combined rather than unimodal 
regimen [12].

McSorley et al. found the same when analyzing RCTs for 
SSI (OR: 0.45) [11]. In addition, when analyzing observa-
tional studies, they found significantly reduced rates of anas-
tomotic leak, postoperative ileus, readmission, and mortality. 
This was not replicated when RCTs were considered 
(Fig.  12.3) [11]. The World Health Organization (WHO) 
arrived at similar conclusions with regard to all SSIs, but no 
difference when assessing anastomotic leak rates (OR: 0.56) 
(Fig. 12.4) [14].

In their assessment of 19 RCTs, Toh et al. found a signifi-
cant reduction in SSI rate with combined antibiotics and 
MBP versus MBP alone, but no difference in terms of other 
outcome measures (OR: 0.7) [29].

A recent Europe-wide audit by the European Society of 
Coloproctology (ESCP) looking primarily at anastomotic 
leak was found in favor of combined antibiotics in addition 
to MBP. Of note, it also found that less than 20% of partici-
pating centers in the study utilized this regimen [31].

This question has also been tackled by a large number of 
observational studies in the United States. These studies uti-
lize data from large, regional databases concerning colorec-
tal surgery [32–34]. They have all found in favor of combined 
antibiotics in addition to mechanical bowel preparation. This 
is the case whether their comparator is unimodal antibiotics 
with bowel preparation or unimodal antibiotics without 
bowel preparation.

As mentioned before, analysis of these studies is prob-
lematic. A large number of the cases were performed via the 
open approach. It is also difficult to extract data such as exact 
site of resection, various relevant patient factors such as 
comorbidity and fitness, and method of preparation used. 
Missing data excludes significant numbers from analysis and 
there is a large potential for selection and reporting bias. 
While not necessarily negating findings from such studies, it 
should qualify their interpretation.

12  Bowel Preparation: Always, Sometimes, Never?



112

�Systemic and Oral Antibiotics Without 
Mechanical Bowel Preparation

Evidence regarding this question is limited. One large retro-
spective database study from the United States found no ben-
efit to MBP combined with oral and systemic antibiotics 
when compared with oral and systemic antibiotics alone [35]. 

Another study of similar methodology found that combined 
antibiotics in conjunction with MBP was superior [36]. 
Further papers addressing this issue are scarce. Although 
small subsets of patients fall into this group in other observa-
tional or retrospective studies, the inherent limitations remain.

In their 2018 meta-analysis—assessing four studies that 
looked at the issue (two RCTs and two cohort studies)—

Study or subgroup
RCT

Total
MBPMBP+OAB

EventsTotalEvents
Risk ratio

M–H, random, 95% ClWeight
Risk ratio

M–H, random, 95% Cl

Anjum 2017
Coppa 1988
Espin-Basany 2005
Hanel 1980
Hata 2016
Ikeda 2016
Ishida 2001
Kaiser 1983
Khubchandani 1989
Kobayashi 2007
Lau 1988
Lazorthes 1982
Lewis 2002
McArdle 1995
Monrozies 1983
Nohr 1990
Oshima 2013
Peruzzo 1987
Playforth 1988
Reddy 2007
Reynolds 1989
Sadahiro 2014
Stellato 1990
Takesue 2000
Taylor 1994
Uchino 2017
Subtotal (95% Cl)

Subtotal (95% Cl)

8
9

15
0

21
20
8
2
4

17
6
1
5
8
2
6
6
4
9
3
9

10
3
2

17
26

91
169
200
33

289
255
72
63
55

242
65
30

104
82
30
77
97
39
61
22

107
99
51
38

159
163

2693

21375 20857 61.7%

26
15
6
0

37
20
17
7

14
26
7
4

17
20
5
7

22
0

16
3

26
22
2
4

30
37

93
141
100
34

290
256
71
56
47

242
67
30

104
87
30
72
98
41
58
24

223
95
51
45

168
162

2685

1.8%
1.6%
1.2%

3.6%
2.7%
1.7%
0.4%
0.9%
2.8%
1.0%
0.2%
1.1%
1.7%
0.4%
0.9%
1.4%
0.1%
1.9%
0.5%
1.9%
2.1%
0.3%
0.4%
3.1%
4.4%

38.3%

0.31 [0.15, 0.66]
0.50 [0.23, 1.11]
1.25 [0.50, 3.12]

Not estimable
0.57 [0.34, 0.95]
1.00 [0.55, 1.82]
0.46 [0.21, 1.01]
0.25 [0.06, 1.17]
0.24 [0.09, 0.69]
0.65 [0.36, 1.17]
0.88 [0.31, 2.49]
0.25 [0.03, 2.11]
0.29 [0.11, 0.77]
0.42 [0.20, 0.91]
0.40 [0.08, 1.90]
0.80 [0.28, 2.27]
0.28 [0.12, 0.65]

9.45 [0.53, 169.95]
0.53 [0.26, 1.11]
1.09 [0.25, 4.85]
0.72 [0.35, 1.49]
0.44 [0.22, 0.87]
1.50 [0.26, 8.60]
0.59 [0.11, 3.06]
0.60 [0.34, 1.04]
0.70 [0.44, 1.10]
0.57 [0.48, 0.68]

Subtotal (95% Cl) 24068 23542 100.0% 0.51 [0.46, 0.56]

0.48 [0.44, 0.51]

Cannon 2012
Englesbe 2010
Ichimanda 2017
Konishi 2006
Midura 2018
Ozdemir 2016
Rohwedder 1993
Sun 2017
Vo 2018

311
17
13
19

489
16
3
6
3

3400
370
166
195

16860
45

100
199
40

768
46
25
52

895
32
96
10
13

3839
370
178
361

15175
45

718
122
49

21.6%
3.3%
2.4%
3.8%

23.2%
4.7%
0.8%
1.1%
0.7%

0.46 [0.40, 0.52]
0.37 [0.22, 0.63]
0.56 [0.30, 1.05]
0.68 [0.41, 1.11]
0.49 [0.44, 0. 55]
0.50 [0.32 , 0.77]
0.22 [0.07, 0.69]
0.37 [0.14, 0.99]
0.28 [0.09, 0.92]

Cohort

Heterogeneity: Tau2 = 0.02; Chi2 = 27.39, df = 24 (P = 0.29); I2 = 12%
Test for overall effect: Z = 6.28 (P < 0.00001)

221 390

877 1937

Total events

Heterogeneity: Tau2 = 0.00; Chi2 = 6.55, df = 8 (P = 0.59); I 2 = 0%
Test for overall effect: Z = 18.91 (P < 0.00001)

Total events

1098 2327
Heterogeneity: Tau2 = 0.01; Chi2 = 38.14, df = 33 (P = 0.25); I2 = 13%
Test for overall effect: Z = 12.85 (P < 0.00001)
Test for subgroup differences: Chi2 = 3.22, df = 1 (P = 0.07), I2 = 69.0%

Total events

0.01 0.1
Favours MBP+OAB Favours MBP

1 10 100

Fig. 12.2  Forest plot comparing surgical site infection rate for patients 
receiving MBP + OAB versus MBP alone, divided by evidence from 
RCTs and cohort studies. A Mantel–Haenszel random effects model 

was used to perform the meta-analysis, and risk ratios are quoted 
including 95% confidence intervals. (Reprinted with permission from 
Rollins et al. [7])
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SSI rate

Reference

RCTs
Barber et al.14

Hanel et al.15

Kaiser et al.16

Lau et al.17

Reynolds et al.19

Khubchandani et al.18

Stellato et al.20

Ishida et al.21

Lewis22

Espin-Basany et al.23

Kobayashi et al.24

Oshima et al.25

Sadahiro et al.26

Hata et al.27

Subtotal

2 of 31

0 of 33

2 of 63

3 of 65

9 of 107

5 of 55

3 of 51

8 of 72

5 of 104

15 of 200

6 of 242

6 of 97

6 of 99

21 of 289

91 of 1508

Oral antibiotics Control

3 of 28

0 of 34

7 of 56

5 of 67

26 of 223

14 of 47

2 of 51

17 of 71

17 of 104

6 of 100

14 of 242

22 of 98

17 of 95

37 of 290

187 of 1506

Cohort studies

Konishi et al.28

Cannon et al.29

Hendren et al.30

Scarborough et al.4

Morris et al.31

Kiran et al.33

Moghadamyeghaneh et al.32

Koller et al.2

Subtotal

19 of 195

311 of 3400

71 of 1357

48 of 1494

162 of 2486

145 of 2324

583 of 10643

1370 of 23285

31 of 1386

52 of 361

768 of 3839

281 of 2701

174 of 2322

452 of 3779

462 of 3822

150 of 2248

1210 of 11836
3549 of 30908

Weight (%)

1·7

4·2

2·8

9·1

8·1

9·0

9·6

4·4

8·1

12·1

9·6

20·2

100·0

1·1

1·2

22·9

6·2

4·6

11·7

11·5

3·9

37·9
100·0

Odds ratio Odds ratio

0·57 (0·09, 3·72)

Not estimable

0·23 (0·05, 1.15)

0·60 (0·14, 2·62)

0·70 (0·31, 1·54)

0·24 (0·08, 0·72)

1·53 (0·24, 9·57)

0·40 (0·16, 0·99)

0·26 (0·09, 0·73)

1·27 (0·48, 3·38)

0·41 (0·16, 1·10)

0·23 (0·09, 0·59)

0·30 (0·11, 0·79)

0·54 (0·31, 0·94)
0·45 (0·34, 0·59)

0·64 (0·37, 1·12)

0·40 (0·35, 0·46)

0·48 (0·36, 0·62)

0·41 (0·30, 0·57)

0·51 (0·43, 0·62)

0·48 (0·40, 0·59)

0·32 (0·22, 0·47)

0·51 (0·46, 0·56)
0·47 (0·44, 0·50)

Favours controlFavours oral antibiotics

0·01 0·1 1 10 100

Test for subgroup differences:  χ2 = 0·10, 1 d.f., P = 0·75; I2 = 0%

Heterogeneity:  χ2 = 13·60, 12 d.f., P = 0·33; I2 = 12%

Heterogeneity:  χ2 = 13·45, 7 d.f., P = 0·06; I2 = 48%

Test for overall effect: Z = 22·65, P < 0·001

Test for overall effect: Z = 5·88, P < 0·001

Fig. 12.3  Forest plot of studies that used preoperative oral antibiotics 
the day before colorectal surgery to prevent surgical-site infection 
(SSI). A Mantel–Haenszel fixed-effect model was used for meta-

analysis. Odds ratios are shown with 95% confidence intervals. 
(Reprinted with permission from McSorley et al. [11])

No oral antibioticsOral antibiotics Odds ratio Odds ratio
Study or subgroup Events EventsTotal Total Weight M-H, random, 95% CI M-H, random, 95% CI
Espin-Basany 2005
Horie 2007
Ishida 2001
Kobayashi 2007
Lewis 2002
Oshima 2013
Roos 2011
Sadahiro 2014
Stellato 1990
Takesue 2000
Taylor 1994

15 200
10 46
8 72

17 242
5 104
6

6

10
10

143
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51

2 38
18 159

1251
107

Total (95% Cl)
Total events
Heterogeneity: Tau2= 0.22; Chi2= 20.35, df= 10 (P = 0.03); I 2 = 51 % 
Test for overall effect: Z = 2.85 (P = 0.004)

6
5

17
26
17
22
19
22

2
4

39

179

100
45
71

242
104

146
95

98

51
45

168

1165 100.0%

7.3%
9.0%

9.6%

9.2%
8.4%

12.9%

10.8%
10.8%
4.5%
4.1%

13.3%

1.27 [0.48, 3.38]
2.22 [0.69, 7.12]
0.40 [0.16, 0.99]
0.63 [0.33, 1.19]
0.26 [0.09, 0.73]
0.23 [0.09, 0.59]
0.50 [0.23, 1.12]
0.37 [0.17, 0.84]

3.27 [0.63, 17.02]
0.57 [0.10, 3.29]
0.42 [0.23, 0.78]

0.56 [0.37, 0.83]

0.01 0.1 1 10 100
Favours oral antibiotics Favours no oral antibiotics

Fig. 12.4  Mechanical bowel preparation (MBP) and oral antibiotics versus MBP and no oral antibiotics, outcome surgical site infection (SSI). 
M-H Mantel–Haenszel (test), CI confidence interval. (Reproduced with permission from the World Health Organization [42])
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Rollins et al. found no difference between combined antibi-
otics with MBP and combined antibiotics without MBP in 
terms of SSI and anastomotic leak [6]. The researchers did 
find a significantly lower 30-day mortality in patients who 
had MBP and combined antibiotics, and a lower risk of 
ileus. The researchers did cite concerns regarding limited 
data to answer this question, however [6]. Toh et al. found 
no significant difference between combined antibiotics with 
MBP versus combined antibiotics alone, but, again, the 
meta-analysis was subject to a limited number of studies—
three RCTs [29].

As discussed by Nelson et al. in their Cochrane review, “it 
is not known whether oral antibiotics would still be effective 
when the colon is not empty” [15]. Given that evidence exists 
to highlight the negative aspects of bowel preparation, not-
withstanding its unpleasantness, this would appear to be an 
area of study that should be probed with some urgency [22].

The need for this endeavor highlights another problem 
however. SSI rates, and indeed other commonly reported 
complication rates, are relatively low, and by many accounts, 
reducing [37]. This means that RCTs would require unfea-
sible numbers of patients to avoid being underpowered. The 
issues afflicting retrospective database analysis have previ-
ously been discussed. This therefore raises the question of 
how this issue could most appropriately be answered.

With regard to clinical considerations, there are legitimate 
concerns that routinely giving combined antibiotics to all 
elective colorectal patients may also increase the rate of 
Clostridium difficile infection, for example. Evidence regard-
ing this is conflicting, and interpretation, as before, should 
depend on methodological quality [38–40]. There are cur-
rently few RCTs or systematic reviews directly assessing 
this, however, Rollins et al. found no significant difference in 
rates of infection when comparing patients receiving MBP 
and combined antibiotics versus those receiving MBP [7].

Regarding antibiotics, an exciting recent area of study 
concerns the idea that anastomotic dehiscence is less affected 
by, for example, ischemia, but rather by microbial pathogen-
esis. In a murine model, Shogan et al. found that topical appli-
cation of antibiotics that acted on Enterococcus faecalis, or 
indeed direct deactivation of the intestinal metalloproteinase 
MMP 9, inhibited anastomotic leak [41]. Work in this field 
may have future implications for type of antibiotics used and 
may answer whether bowel preparation is a variable in the 
development of postoperative complications at all.

�Site of Resection

Many of the papers discussed show that postoperative com-
plications are more common in patients undergoing rectal 
surgery versus colonic resections. The use of MBP tends to 
be lower in colonic surgery [6, 9, 10, 34].

What is scarcely reported on, and subjected to statistical 
analysis, however, is whether the site of resection has a bear-
ing on whether MBP in addition to various antibiotic regi-
mens may be of benefit. This could be considered as 
something of a missed opportunity, as many of the papers 
report the site of resection in their demographic data.

Three review articles sub-categorized groups according to 
anatomical site of resection. Lobo et al. separately analyzed 
rectal surgery, but not colonic resections. As stated before, 
they found no benefit to the use of MBP [6]. Güenaga et al. 
separately analyzed colonic and rectal resections, finding no 
benefit to MBP in any site of operation [10]. Dahabreh et al. 
produced a similar analysis, with concordant results [9].

One of the large database studies [34] was limited to 
colonic surgery. As discussed before, they were found in 
favor of bowel preparation with concurrent antibiotic admin-
istration [33].

Though more limited in terms of numbers, the findings 
with regard to the utility of MBP according to anatomical 
site of location closely mirror those when all colorectal 
resections are grouped together.

�Conclusion

Contemporary thinking regarding mechanical bowel prepa-
ration has altered substantially over the past 50 years. This 
chapter has aimed to delineate current data regarding the 
overall utility of MBP, in what context and with which simul-
taneous therapy it may be of benefit. It also highlights where 
gaps in the scientific literature exist.

There is substantial data that suggests MBP is potentially 
dangerous, particularly in the comorbid patient. This argu-
ment is compounded by the fact that there is a substantial 
failure rate to bowel preparation and that a poorly prepared 
bowel can make the operation more technically difficult for 
the surgeon. There are now several high-quality meta-
analyses that concur that there is no benefit to MBP in isola-
tion, both in terms of SSI and anastomotic leak.

Some papers, though few in number, have shown that any 
benefit to MBP versus no MBP is negated when compared to 
the use of a rectal enema. A rectal enema carries few, if any, of 
the risks of MBP and may achieve the same aim of clearing the 
site of anastomosis. The use of a rectal enema in the context of 
rectal surgery is therefore an interesting area of future study.

It seems, therefore, that mechanical bowel preparation in 
isolation should not be recommended. In recent years, how-
ever, the question of whether combined oral and systemic 
antibiotics in addition to MBP may be of benefit in reducing 
SSI and other complications has been raised. While not as 
clear-cut an answer, recent meta-analyses are starting to con-
verge on the idea that combined antibiotics combined with 
MBP confer a benefit when compared with MBP in isola-
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tion. This is more apparent in terms of SSI but less so with 
regard to other complications.

The comparison that has not been answered in the litera-
ture is whether combined antibiotics in the absence of MBP 
are as effective as MBP in addition to combined antibiotics. 
Given the potentially negative effects of MBP, and at best 
debatable benefit, it is an area that needs to be explored. This 
work should be done in the context of the theoretical poten-
tial for an increased risk of Clostridium difficile infection and 
other antibiotic-related complications.

While a falling SSI rate is certainly a cause for celebra-
tion, it makes answering the last question more difficult. 
Conducting a modern, adequately randomized RCT is ren-
dered difficult owing to the prohibitively large number of 
participants that would be required in order to reach statisti-
cal significance. The alternative of large prospective data-
base studies can provide useful information, but is limited in 
its interpretation.

�Summary

The question of whether bowel preparation, with or without 
antibiotics, should be administered “always, sometimes, or 
never” cannot currently be answered definitively. However, 
mechanical bowel preparation on its own, in most circum-
stances, is almost certainly unnecessary and can be detri-
mental. Whether mechanical bowel preparation should be 
administered in order to enable or increase the efficacy of 
orally administered antibiotics awaits further investigation. 
Surgical site infection, and anastomotic leak in particular, is 
multifactorial, and it is possible that packages of care and 
surgical technique that do not include mechanical bowel 
preparation or oral antibiotics can produce equally good or 
indeed better outcomes. This is evidenced by studies from 
single institutions or individual series with much better out-
comes than is evident in the large retrospective databases on 
which much of current guidance is being developed.
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