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Abstract
Introduction Despite several meta-analyses and randomized controlled trials showing no benefit to patients, mechanical
bowel preparation (MBP) remains the standard of practice for patients undergoing elective colorectal surgery.
Methods We performed a systematic review of the literature of trials that prospectively compared MBP with no MBP for
patients undergoing elective colorectal resection. We searched MEDLINE, LILACS, and SCISEARCH, abstracts of
pertinent scientific meetings and reference lists for each article found. Experts in the field were queried as to knowledge of
additional reports. Outcomes abstracted were anastomotic leaks and wound infections. Meta-analysis was performed using
Peto Odds ratio.
Results Of 4,601 patients (13 trials), 2,304 received MBP (Group 1) and 2,297 did not (Group 2). Anastomotic leaks
occurred in 97(4.2%) patients in Group 1 and in 81(3.5%) patients in Group 2 (Peto OR=1.214, CI 95%:0.899–1.64, P=
0.206). Wound infections occurred in 227(9.9%) patients in Group 1 and in 201(8.8%) patients in Group 2 (Peto OR=
1.156, CI 95%:0.946–1.413, P=0.155).
Discussion This meta-analysis demonstrates that MBP provides no benefit to patients undergoing elective colorectal
surgery, thus, supporting elimination of routine MBP in elective colorectal surgery.
Conclusion In conclusion, MBP is of no benefit to patients undergoing elective colorectal resection and need not be
recommended to meet “standard of care.”
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Introduction

Mechanical bowel preparation (MBP) is the standard of
practice for patients undergoing elective colorectal surgical

resection despite growing evidence that it may not be of
benefit to the patient. Several trials have been run to address
this issue, including two large multicenter-randomized
controlled trials performed in Europe. The aims of this paper
are to review the history and advances made surrounding this
common practice, review all the published prospective
randomized controlled trials, and perform a meta-analysis
to evaluate the impact of mechanical bowel preparation on
anastomotic leak and wound infection rates.

History of Mechanical Bowel Preparation

When anesthesia and antisepsis permitted surgeons to
safely enter the peritoneal cavity, more and more challeng-
ing procedures were performed, including operations on the
biliary tract, urinary tract, and the gastrointestinal tract. At
the beginning of the 20th Century, intestinal resections were
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fraught with many infectious complications that resulted
from contamination of the operating field, lack of antibiotics,
and poor or nonexistent postoperative support. Surgeons
started prescribing specialized “elemental diets” and laxa-
tives in order to maintain an empty bowel. Fewer compli-
cations were noted in patients treated in this fashion, thus,
starting the era of mechanical bowel preparation. With
advances in pharmacotherapy, the use of antibiotics peri-
operatively for intestinal surgery became commonplace. The
landmark studies regarding the use of antibiotics and MBP
compared the use of preoperative oral and intravenous
antibiotics combined with MBP to MBP alone. These studies
showed a significant decrease in the rate of infectious
complications.1 Preoperative prophylactic antibiotics became
a mainstay of therapy along with MBP. This combination of
oral and intravenous antibiotics with mechanical bowel
preparation continues to be the combination most commonly
used by surgeons in the United States.2 Currently, the correct
and timely administration of antibiotics have become
performance measures for quality improvement projects
nationwide.3 The role of mechanical bowel preparation in
the era of prophylactic antibiotic administration has never
been addressed separately and, thus, remains one of the
cornerstones of safe colorectal surgery.4

Goals of Mechanical Bowel Preparation

The stated goal of MBP is to completely empty the bowel
before surgery in order to decrease the risk of infectious
complications. This is conventional wisdom and is theoret-
ically accomplished by decreasing the bacterial load in the
intestinal lumen and by decreasing the risk of spillage of
feces in the operative field. MBP also purportedly makes
manipulation of the bowel easier for the surgeon. However,
existing evidence does not support these tenets.

When MBP is performed alone, the bacterial load does
not decrease significantly in the lumen or in the bowel
wall.5–7 The intervention that affects changes in bacterial
flora is the use of antibiotics, not the bowel preparation.8

Mucosal-associated bacteria are still found within the bowel
wall with an increasing gradient from the distal rectum to
the proximal colon after MBP with polyethylene glycol
solution (PEG).9 Thus, the bacteriologic benefit of mechan-
ical bowel preparation is not readily apparent.

The reduction in the risk of fecal spillage in the operative
field is also questionable. In a chart review of 333 patients who
underwent various colorectal procedures, spillage of bowel
contents occurred in 26 (17%) patients who underwent MBP
compared to 22 (12%) patients who underwent no MBP (p=
0.21). Interestingly, patients who had spillage during surgery
compared to those that did not have higher anastomotic leak
rates and wound infection rates, 6.2% versus 3.8% (p=0.39)

and 12.5% versus 6.7% (p=0.23), respectively.10 These
differences did not reach statistical significance, but a trend
that favored no MBP was apparent. Sometimes, MBP does
not completely empty the bowel, and the remaining liquid
effluent is harder to control, thus, potentially increasing the
risk of spillage. Poor MBP has already been shown to
increase the rate of anastomotic leak compared to patients
with adequate MBP.11 Lastly, it is logical to assume that an
empty bowel is easier to manipulate than a full one.
However, a recent single-blind randomized trial that com-
pared MBP to no MBP in women undergoing laparoscopic
gynecologic surgery found no difference in ease of bowel
handling or differences in operative field visualization.12

Complications of Mechanical Bowel Preparation

MBP is not an innocuous procedure. There are many choices
for preparation of the bowel before elective surgery, which
include various preparations of PEG, bisacodyl tablets,
aqueous and tablet sodium diphosphate (NaP), and saline
laxatives.13 However, the most popular among surgeons in
the United States are PEG and NaP.14 Traditional PEG is
given to patients as a 4-L solution. Those patients unable to
drink the solution are admitted the night prior to surgery and
are given the PEG solution per nasogastric tube, thus, adding
the discomfort associated with tube placement and the
potential risk of aspiration.15 NaP is more convenient for
patients, as it is given as a 90-mL solution. Patients have less
difficulty drinking the solution, have less gastrointestinal
symptoms (pain and bloating), and less fatigue.16,17 However,
NaP is associated with more electrolyte disturbances, includ-
ing changes in sodium, potassium, calcium, and phosphorus.
Changes in calcium and phosphorous levels are markedly
increased in patients 60 years or older, leading some to
suggest that NaP not be provided without a prescription.17

There have also been case reports of near-fatal and fatal
complications associated with the use of NaP.18–20

On a survey of 105 patients who underwent elective
colorectal resection, 65 underwent MBP and 45 underwent
no MBP. The authors found that patients would prefer not to
undergo MBP. The time to first bowel movement was shorter
in the no MBP group (p=0.04). However, this group had
more discomfort on postoperative day 4.21 They attributed
this difference in discomfort (pain was not different) to the
decreased time to the first bowel movement.

Effects of Mechanical Bowel Preparation on Intestinal
Mucosa

At the histologic level, MBP is associated with certain
architectural changes, including loss of superficial mucus
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and epithelial cells, inflammatory changes, and polymor-
phonuclear cell infiltration.22 Other changes, such as
aphtoid-like lesions, have been reported with NaP.23 The
clinical significance of these histologic changes is unknown
and requires further investigation but suggests possible
changes in bowel wall homeostasis that may impact
anastomotic structural integrity.

Initial Experience Without Mechanical Bowel
Preparation

Challenges to the use of MBP arose in the 1960s from
surgeons who started performing primary repair of injuries
to the colon in trauma, with good results in selected cases.24

This, then, led to a flurry of single-institution or single-
surgeon series in which MBP was omitted. These authors
consistently found rates of wound infections and anasto-
motic leaks comparable to the literature that used MBP
leading to the conclusion that the benefits of MBP might be
overstated.25

Initial Randomized Controlled Trials

The first randomized controlled trials comparing MBP to
no MBP were performed in Europe and South America in
the early 1990s.26–29 Since then, several trials have been
performed.30–37 All studies are slightly different in their
methodology, with some studies including patients who
also underwent procedures in which intestinal continuity
was not restored, and others including procedures in both
the right and left colon. Anastomotic leak rates for all
studies are summarized in Table 1. The difficulty in
interpretation and application in practice derives from the
variability in methodology in these studies. For example,
anastomotic leak rates range from 0.6% to 20.8% in
patients who underwent MBP. Wound infection rates for
all studies are summarized in Table 2.

Cochrane Review

Given the small number of patients in the aforementioned
randomized controlled trials and the variability among
these, several meta-analyses have been performed, includ-
ing a Cochrane Review.38,39 The latest iteration of the
Cochrane Review included nine trials with a total of 1,592
patients. Anastomotic leaks were significantly higher in the
MBP group (6.2% versus 3.2%, Peto OR 2.03, 95%
CI:1.276–3.26, p=0.003). However, when subgroup analy-
sis was performed for leakage for low anterior resection and
leakage for colonic surgery (only four studies could be

included), the analysis still favored no MBP, but the
statistical significance was lost. The authors found a
statistically significant difference favoring no MBP for a
decrease in the rate of peritonitis. Elimination of MBP was
associated with a statistically significant decreased anasto-
motic leak rate when sensitivity analyses for studies that
were completed and papers published (abstracts excluded),
studies that only included adults (children excluded), and in
studies that only included creation of an anastomosis. No
MBP was also favored in all other analyses (decreased
mortality, decreased rate of reoperation, decreased rate of
wound infection, decreased noninfectious extra-abdominal
complications, and decreased rate of surgical site infec-
tions), but these differences did not reach statistical
significance. These analyses are limited by the small
number of studies that could be included. The authors
concluded that MBP before colorectal surgery does not add
any value for patients and that it might lead to an increase
in anastomotic leak rate.39

Results of Latest Randomized Controlled Trials

In light of the Cochrane Review findings, two large
multicenter-randomized controlled trials were performed
and the results published in the past year; one was
performed in Sweden and another in the Netherlands.40,41

The Swedish trial randomized 686 patients to MBP and 657
to no MBP.40 Patients in the MBP arm were prepped with
PEG (47.2%), NaP (48.5%), or enemas (4.3%). Antibiotic
prophylaxis was appropriate for colorectal surgery and
similar in both arms. The indications for surgery, patient
demographics, type of anastomosis (site and technique)
were similar for both groups. The results showed no
statistically significant difference in cardiovascular compli-
cation rates, general infectious rates, or surgical site
infection rates. Anastomotic dehiscence occurred in 13
(2.3%) patients in the MBP arm and in 17 (2.6%) patients
in the no MBP arm (p=0.46). No mid- to low-anterior
resections were performed in either group.

The study from the Netherlands randomly assigned 670
patients to mechanical bowel preparation and 684 to no
mechanical bowel preparation for elective bowel resec-
tion.41 The authors found that those patients that did not
undergo MBP had an anastomotic leak rate of 5.4%
compared to 4.8% in those that did undergo MBP, but the
difference was not statistically significant (p=0.69). How-
ever, in the group of patients who did not undergo MBP,
there was a statistically significant increased risk for
anastomotic leak associated with a pelvic abscess (p=
0.001). The authors did not explicitly state the complica-
tions for each type of anastomosis for each group.
However, multivariate analysis did show that type of
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anastomosis (ileocolic, colocolic, and colorectal), ASA
classification, and intraoperative blood-loss correlated with
an increase in anastomotic leaks in general.

Meta-analysis

Methods

We performed a systematic review of the literature of all
trials that prospectively compared mechanical bowel prep-
aration with no mechanical bowel preparation for patients
undergoing elective colorectal surgical resection. We
performed a search in MEDLINE using the following

search terms: (1) “Surgical Procedures, Elective” [Mesh]
AND “Colorectal Surgery” [Mesh] AND mechanical bowel
preparation; (2) mechanical bowel preparation AND elec-
tive AND surgery; (3) mechanical bowel preparation AND
surgery AND colon AND rectum. We also performed a
search in LILACS and SCISEARCH using the following
terms: mechanical bowel preparation AND elective surgery.
This was followed by a manual search of the reference lists
for each article found, as well as abstracts of pertinent
scientific meetings. Experts in the field were queried as to
knowledge of additional reported trials. There were no
limits on dates or language and all searches were performed
up to January 2008. Studies had to be prospective, have two
groups (one with mechanical bowel preparation and one

Table 1 Randomized Controlled Trials that Compare Mechanical Bowel Preparation to No Mechanical Bowel Preparation—Anastomotic Leaks

Study Procedures performed Type of MBP Total number
of patients
enrolled

Anastomotic
leaksa MBP
n/N (%)

Anastomotic
leaksa No
MBP n/N (%)

P valueb

Brownson 199226 Elective colorectal (not specified) PEG 179 8/67 (11.9) 1/67 (1.5) 0.03
Burke 199427 Elective left colectomy and anterior

resection with primary anastomosis
Sodium picosulfate 169 3/82 (3.7) 4/87 (4.6) 1

Santos 199428 Elective colon and rectal surgery
(includes abdominoperineal resection
and pediatric surgery)

Mineral oil, agar and
phenolphthalein;
enema; mannitol
(3-day regimen)

149 7/67 (10.4) 4/75 (5.3) 0.34

Fillmann 199529 Elective left and right-sided resections,
rectal resections (including APR and
total proctocolectomy)

Mannitol 60 2/23 (8.7) 1/23 (4.3) 1

Miettinen 200030 Elective colon and rectal resections,
colostomy closure, APR, ileal-pouch
anal anastomosis

PEG 267 5/131 (3.8) 3/120 (2.5) 0.72

Tabusso 200231 Elective colon and rectal resections,
Hartmann reversal

Mannitol or PEG 47 5/24 (20.8) 0/23 (0) 0.04

Bucher 200533 Elective left-sided colorectal surgery
with primary colocolonic or
colorectal anastomosis

PEG 153 5/78 (6.4) 1/75 (1.3) 0.21

Fa-Si-Oen 200534 Elective colonic resections and
restoration of Hartmann, excluding
ileocecal resections and resections
below peritoneal reflection

PEG 250 7/125 (5.6) 6/125 (4.8) 0.78

Ram 200535 Elective colon and rectal resections
(including APR)

NaP 329 1/146 (0.6) 2/149 (1.3) 1.0

Zmora 200636 Left-sided colonic resections, rectal
resection and Hartmann closure

PEG 249 5/120 (4.2) 3/129 (2.3) 0.48

Pena-Soria
200737

Elective colorectal procedure with
primary intraperitoneal anastomosis

PEG 97 4/48 (8.3) 2/49 (4.1) 0.05

Jung 200740 Elective colonic resections with
primary anastomosis (mid-, low
anterior resection excluded)

PEG, NaP, Enema 1343 13/686 (1.9) 17/657 (2.6) 0.46

Contant 200841 Elective colorectal surgery with
primary anastomosis

PEG + Bisacodyl
or NaP

1354 32/670 (4.8) 37/684 (5.4) 0.69

MBP Mechanical bowel preparation, PEG polyethylene glycol, NaP sodium phosphate, APR abdominoperineal resection
a Rates based on patients who underwent resection with primary anastomosis
b Fisher’s exact test

2040 J Gastrointest Surg (2008) 12:2037–2044



without mechanical bowel preparation), and have the two
outcomes of interest clearly stated in their results section.
The outcomes we abstracted were anastomotic leaks and
wound infections. Retrospective studies and studies that
only evaluated either mechanical bowel preparation or no
mechanical bowel preparation were excluded from meta-
analysis. Meta-analysis was performed using Comprehen-
sive Meta-Analysis version 2 (Englewood, NJ, 2005, USA)
applying the Peto-Odds ratio (fixed effects model). We also
ran a test of statistical heterogeneity for each category.

Results

Of a total of 4,601 patients (13 trials), 2,304 were allocated
to mechanical bowel preparation (Group 1) and 2,297 were
allocated to no mechanical bowel preparation (Group 2).
Anastomotic leaks (Table 1) occurred in 97 (4.2%) patients
in Group 1 and in 81 (3.5%) patients in Group 2 (Peto OR=
1.214, CI 95%:0.899–1.64, P=0.206). Wound infections
(Table 2) occurred in 227 (9.9%) patients in Group 1, and
in 201 (8.8%) patients in Group 2 (Peto OR=1.156, CI
95%:0.946–1.413, P=0.155). Forest plots for anastomotic
leaks and wound infections are shown in Figs. 1 and 2,
respectively.

Discussion

Initial challenges to mandatory MBP first arose in the
1960s surrounding primary colon repairs in traumatic
injuries to the colon. This led to single-institution and
single-surgeon series where MBP was eliminated and
ultimately to prospective randomized controlled trials
comparing MBP to no MBP. A Cochrane review in 2005

suggested that MBP does not add value, but the number of
patients evaluable were still small. Two more large trials
have been performed since the Cochrane analysis, and now
a total of 4,601 patients have been studied in a prospective
fashion. Our meta-analysis suggests that MBP is of no
benefit to patients undergoing elective colon and rectal
surgery.

Based on the earlier small trials and Cochrane review
many surgeons have abandoned routine MBP for elective
“right-sided” surgeries, where the proximal extent of the
resection will involve the small bowel and, therefore,
theoretically be associated with a decreased risk for
anastomotic and wound complications. More recently, some
have questioned the need for MBP where a colocolonic or
colorectal anastomosis is anticipated. Because of continued
concerns for the role of MBP in rectal surgery and the
exclusion of this population from most of the prospective
trials, a retrospective review was performed on 144 patients
who underwent anterior resection for cancer without MBP
or a diverting stoma demonstrated an excellent anastomotic
leak rate of only 4.9%.42 In a French case-control study of
an unselected group of patients with rectal cancer, the
authors found an increased morbidity associated with MBP
and no difference in the anastomotic leak rates.43

However, even with the growing body of evidence that
suggests that mechanical bowel preparation should be
abandoned, many groups have yet to change their practice.
One of the main reasons is that even with several
randomized controlled trials and meta-analyses, many
practitioners feel that the right question has not been asked
and, thus, the right trial has not been run. The ideal trial
would recruit the number of patients necessary to show a
difference in outcome. Power calculations by our statistics
department resulted in over 2,400 patients, thus, requiring

Table 2 Randomized Controlled Trials that Compare Mechanical Bowel Preparation to No Mechanical Bowel Preparation—Wound Infections

Study Total number of
patients enrolled

Wound infections
MBP n/N (%)

Wound infections
no MBP n/N (%)

P valuea

Brownson 199226 179 5/86 (5.8) 7/93 (7.5) 0.77
Burke 199427 169 4/82 (4.9) 3/87 (3.4) 0.71
Santos 199428 149 17/72 (23.6) 9/77 (11.7) 0.08
Fillmann 199529 60 1/30 (3.3) 2/30 (6.7) 1
Miettinen 200030 267 5/138 (3.6) 3/129 (2.3) 0.72
Tabusso 200231 47 2/24 (8.3) 0/23 (0) 0.49
Bucher 200533 153 10/78 (12.8) 3/75 (4) 0.07
Fa-Si-Oen 200534 250 9/125 (7.2) 7/125 (5.6) 0.79
Ram 200535 329 16/164 (9.8) 10/165 (6.1) 0.22
Zmora 200636 249 8/120 (6.7) 13/129 (10.1) 0.36
Pena-Soria 200737 97 6/48 (12.5) 6/49 (12.2) 1
Jung 200740 1343 54/686 (7.9) 42/657 (6.4) 0.34
Contant 200841 1354 90/670 (13.4) 96/684 (14.0) 0.75

MBP Mechanical bowel preparation
a Fisher’s exact test
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collaboration among many institutions. Because the rate of
anastomotic leak is low in ileocolic anastomoses, these
should be excluded from the study, allowing a focus on
colocolonic and colorectal anastomoses. The study should
compare the same type of anastomosis, report the height of
anastomosis, and use a similar operative technique. More
importantly, the endpoints (anastomotic leaks and wound
infections) must be unambiguously defined. These require-
ments become difficult as it is hard to minimize variability
in studies that require participation of various surgeons and
centers. Other possible reasons why a change in practice
has not taken place include the influence of training
programs on practice patterns, the inability to work
“comfortably” with a bowel filled with feces, and the
persistent yet unrealized fear of increased risk of fecal
spillage during surgery when MBP is eliminated.

In modern surgical practice, the use of prophylactic
antibiotics and the rate of surgical site wound infections

have become, for better or worse, performance measures
used to rank, reward, and penalize institutions and
physicians as part of national and institutional quality
improvement projects.3 Since MBP may or may not
increase the rate of infectious complications, it will become
imperative to define its place in clinical practice in order to
justify its continued use. MBP should not be completely
abandoned, as it is necessary for those procedures in which
intraoperative colonoscopy is necessary. Even though the
ideal study has not yet been performed, this meta-analysis
does point to the fact that MBP is not a prerequisite of safe
colorectal surgery, as suggested by others. Some of our
European counterparts have embraced these findings and
changed their practice patterns, yet we remain static, either
as cautious observers or as laggards.

As individual-practicing surgeons, one can argue to
remain cautious. In fact, the individual-practicing surgeon
relies on national societies to provide guidelines that are

Figure 1 Forest Plot—
Mechanical bowel preparation
versus no mechanical bowel
preparation for anastomotic
leaks. Test for heterogeneity:
Q=16.818, df=12, p=0.157,
I2=28.649. Test for overall
effect: Z=1.266, p=0.206.

Figure 2 Forest Plot—
Mechanical bowel preparation
versus no mechanical bowel
preparation for wound infec-
tions. Test for heterogeneity:
Q=12.492, df=12, p=0.407,
I2=3.937. Test for overall effect:
Z=1.42, p=0.155.
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based on best available evidence.44 This is also true for
medicolegal proceedings, where practice guidelines serve
as key elements that establish the standard of care.45 As
thought leaders, however, we should have the courage to
expose unsubstantiated dogmas and encourage discontinu-
ation of unfounded practices. Thus, our meta-analysis
represents an opportunity for respected national societies,
like the Society for Surgery of the Alimentary Tract, to lead
by publicly endorsing the abandonment of routine MBP in
elective colon and rectal surgery.

Conclusion

MBP has remained a dogmatic practice in surgery of the
alimentary tract. This updated meta-analysis demonstrates
that MBP is of no benefit to patients undergoing elective
colon and rectal surgery, thus, supporting elimination of
routine MBP. It should not be considered as a prerequisite
to meet the “standard of care.”
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