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Executive summary

Background

Wound infections are the most frequent
nosocomial infections among surgical patients
and are related to an increase in morbidity and
mortality, a prolongation of hospital stay and an
increase in the cost of medical care. Colorectal
surgery is associated with a high risk of infection
due to endogenous contamination by bacteria
in the contents of the large bowel.

It is now generally accepted that antimicrobial
prophylaxis is one of many important measures
that should be taken to prevent postoperative
wound infections. To achieve the most cost-effective
use of antimicrobial prophylaxis, consideration of
the choice, delivery and regimen of antimicrobial
agents is necessary.

Objectives

This review evaluates the relative efficacy of
antimicrobial prophylaxis in patients undergoing
colorectal surgery where there is a high risk of
surgical wound infection (SWI).

Methods

Data sources

Literature searches of Medline, Embase and the
Cochrane Controlled Trials Register were con-
ducted to identify randomised controlled trials
(RCTs) published between 1984 and 1995, which
investigated antimicrobial prophylaxis in the
prevention of postoperative wound infection in
patients who had undergone colorectal surgery.
Bibliographies of reviews and all identified trials
were examined to locate additional studies. A
sample of key journals was also handsearched.
All languages were considered.

Validity assessment and data extraction
The identified studies were assessed for both
relevance and validity by one reviewer and checked
by another. Data extraction was carried out by one
reviewer using an electronic data extraction form.
This process was again checked by a second reviewer.
For articles containing insufficient detail, authors
were contacted for clarification. Of all the

studies assessed, 147 RCTs, including a total of
23,049 patients, met the review inclusion criteria.

The principal outcome assessed in the review was the
incidence of SWI. Where possible, abdominal wound
infections were recorded separately from perineal
wound infections. Data on other postoperative
infections and adverse events were also collected.

Data synthesis

Studies were grouped according to the antibiotic
used, route of administration, and number of doses
administered (i.e. single versus multiple doses).
Where appropriate, formal meta-analysis and
investigation of heterogeneity among trials

were conducted.

Results

The quality of the RCTs has improved over the last
12 years, though there are still many methodolog-
ical problems, including inappropriate method of
patient allocation, lack of blinding during outcome
assessment, and insufficient sample size. The
criteria for inclusion and exclusion were described
in 87% of the included trials. The exclusion criteria
most frequently used were allergy to study drugs,
preoperative use of other antibiotics, impaired
renal or liver function, children or very old
patients, pregnancy or lactation, and certain

types of colorectal operations.

More than 70 different antibiotic regimens were
tested in 147 trials. The overall rate of SWI across
all the included trials of antimicrobials prophylaxis
(excluding four non-antibiotic groups) was 11.1%

(n =22,927).

The results of this review confirm that the use of
antimicrobial prophylaxis is generally effective for
the prevention of SWIs in colorectal surgery. Some
antimicrobial regimens appear to be less effective
than others in this indication. For example, mono-
therapy with either metronidazole, doxycycline or
piperacillin are inadequate for prophylactic
treatment in colorectal surgery.

The review found that a single dose or short-term
use of an antimicrobial agent is as efficacious as
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long-term, postoperative use. Pooled results from
17 trials that compared a single-dose regimen with
a multiple-dose regimen, showed no significant
difference in the rate of SWI (odds ratio = 1.17;
95% confidence interval [CI]: 0.89, 1.54). There
is a lack of convincing evidence concerning the
importance of a second-dose regimen when
surgical procedures are longer than 2 hours.

There is no convincing evidence to suggest that the
second- and third-generation cephalosporins are
more efficacious than the first-generation cephalo-
sporins in this indication (6% versus 6.4%; odds
ratio = 0.93; 95% CI: 0.46, 1.86).

Establishing the efficacy of different routes

of administration of antibiotic prophylaxis was
complicated by the use of different antibiotics

or use of extra antibiotics. No additional benefit
was observed in six trials that compared parenteral
alone, with parenteral plus topical use of antibiotic
prophylaxis. Several trials, showing extra benefit of
oral antibiotics, used inadequate parenteral anti-
biotics such as metronidazole alone, or piperacillin
alone. Oral or topical application of antibiotics in
addition to the parenteral administration of appro-
priate antibiotics seem to be of limited value in
most cases.

In general, the estimates of efficacy of many of
the different regimens included are similar and it
is very difficult, if not impossible, to identify the
best one. However, the Type-II error or lack of
statistical power cannot be ruled out as a potential
reason for statistically non-significant findings in
many small trials.

A total of 74 of the 134 trials published in English
reported adverse events following antibiotic pro-
phylaxis in colorectal surgery. Skin rash, diarrhoea,
and nausea were commonly mentioned adverse
events that may be attributable to the use of some
antibiotic treatments. No serious toxicity or adverse
events were reported except in one trial that
reported postoperative bleeding in some patients
treated with latamoxef.

The costs associated with SWI are high in terms of
both antibiotic treatment and prolonged hospital-
isation with some studies reporting an additional
12 days in hospital as a result of SWI. Three trials
that included cost data in comparisons of mono-
therapy and combination therapy showed that
monotherapy was as effective as the combination
regimens but less expensive. The overall cost data
available from the RCTs suggest that drug acquis-
ition costs need to be viewed in terms of their

efficacy, as a reduction in infection rates is associ-
ated with a shorter hospital stay, the ‘hotel’ costs of
which account for the highest proportion of overall
cost during treatment.

Conclusions

The use of antimicrobial prophylaxis is efficacious
in the prevention of SWI in colorectal surgery.
With the exception of a few inadequate regimens,
there is no significant difference in the rate of SWI
between many regimens. The use of a multiple-
dose regimen may be unnecessary for the preven-
tion of SWI, as single-dose regimens have been
demonstrated to be as efficacious as multiple
dosing and in addition, may be associated with
less toxicity, fewer adverse events, less risk of
developing bacterial resistance and lower costs.
Similarly, no convincing evidence supports the
idea that the new-generation cephalosporins are
more efficacious than first-generation cephalo-
sporins in preventing SWI in colorectal surgery.

Implications for policy

Two principles are important to follow when
selecting an antimicrobial prophylactic regimen
in colorectal surgery:

e antibiotics or antibiotic combinations
should be active against both aerobic and
anaerobic bacteria;

¢ the administration of antibiotics should be
timed to ensure that the tissue concentration of
antibiotics around the wound area is sufficiently
high when bacterial contamination occurs.

Universal acceptance and use of a regimen should
be avoided in order to minimise the development
of antibiotic-resistant bacteria. Based on the
research evidence, guidelines should be developed
locally in order to achieve a more cost-effective use
of antimicrobial prophylaxis in colorectal surgery.

Recommendations for research

Further studies of efficacy may be of little value
and would require large numbers of patients in
order to demonstrate a statistically significant
difference. Future research should focus on the
understanding of the practical use of antimicrobial
prophylaxis in colorectal surgery in the UK and
the cost-effectiveness of different regimens of
antibiotic prophylaxis.



Health Technology Assessment 1998; Vol. 2: No. 7

Chapter |

Background

Wound infections are the most frequent
nosocomial infections among surgical
patients and are related to an increase in morbidity
and mortality, a prolongation of hospital stay and
an increase in the cost of medical care."?

Exogenous or endogenous contamination of the
surgical wound by pathogenic organisms is one of
the most important factors related to the risk of
surgical wound infection (SWI), though it does not
necessarily mean that a SWI will be inevitable.?
According to the risk of bacterial contamination,
surgical wounds have conventionally been classified
as clean, clean-contaminated, contaminated, or
dirty.* Colorectal surgery is associated with a high
risk of infection due to endogenous contamination
by bacteria in the contents of the large bowel.
Postoperative wound infections have been shown
to occur in about 40% of patients after colorectal
surgery in whom antibiotic prophylaxis was

not used.”

A review by Baum and co-workers® compared the
wound infection and mortality rates of patients
given antimicrobial prophylaxis for colorectal
surgery with those of no-antibiotic controls. By
pooling results from 26 randomised controlled
trials (RCTs), it was found that the wound infection
rate was significantly higher in the no-antibiotic
control group with 36% of patients developing
infections compared with 22% in the antibiotic
prophylaxis groups. They also found that mortality
was significantly reduced by using antibiotic
prophylaxis (11.2% versus 4.5%, p < 0.01). It

was concluded that the no-antibiotic control

should not be used in further trials of
colorectal surgery.®

It is now generally accepted that antimicrobial
prophylaxis is one of many important measures
that should be taken to prevent postoperative
wound infections in contaminated or clean-
contaminated surgery. Many different antimicrobial
agents are available with different pharmacokinetic
and pharmacodynamic features, spectra of activity,
and toxicities. To achieve the most cost-effective
use of antimicrobial prophylaxis, consideration

of the choice, delivery and regimen of anti-
microbial agents is necessary."”* However, it is
often argued that questions regarding the choice
of antibiotics, and the timing and duration of
treatment have yet to be answered satisfactorily.’
Other important issues include the ease of admin-
istration and cost-effectiveness. The occurrence

of antibiotic-resistant bacteria should also be
considered when assessing the appropriate use

of antimicrobial prophylaxis.

The main objective of this review, which was
commissioned by the NHS HTA programme, is to
evaluate the relative effectiveness of antimicrobial
prophylaxis in patients undergoing colorectal
surgery. Cost-effectiveness of antimicrobial
prophylaxis is also summarised from the RCTs that
examined this aspect of treatment. (It should be
noted that the following agents are not available
in the UK: cefmatazole, cefonicid, cefoperazone,
cefotetan, cefotiam, cephalothin, chlorchinaldole,
mezlocillin, latamoxef, ornidazole, sulbactam, and
thymostimulin.)
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Chapter 2
Methods

Inclusion criteria

This review includes RCTs, published between
1984 and 1995, that evaluate antimicrobial prophy-
laxis in the prevention of postoperative wound
infection in patients who have undergone color-
ectal surgery. The year 1984 was chosen because
activity in this field at this time included the intro-
duction of many new antibiotics, changes in the
clinical use of antibiotic prophylaxis, improvement
in surgical procedures, possible emergence of
antibiotic-resistant micro-organisms, and the

large volume of literature on this topic.

Literature search strategy

A search of Medline from 1984, Embase /Embase
Alert (1983-present) and the Cochrane Controlled
Trials Register was conducted with the assistance of
the NHS Centre for Reviews and Dissemination
information services (appendix 1). The titles and
abstracts were assessed and copies of relevant
studies collected. The references of retrieved
articles were checked to locate other relevant trials.
Studies in all languages were considered for the
evaluation, surgical wound outcome and study
quality. For reasons of difficulty and cost of
translation, studies published in non-English
languages were not used in the discussion of
adverse events, bacteriological test, and cost issues.

A sample of several key journals (Acta Chirurgica
Scandinavica, British Journal of Surgery, Journal of
Antimicrobial Chemotherapy, Archives of Surgery, Annals
of Surgery) were handsearched in addition to the
electronic database searches. No additional trials
were located during handsearching.

Validity assessment

The relevance and validity of each study were
assessed and data were extracted by one reviewer
and checked by another. Data from individual
studies were extracted using a pre-defined form
(appendix 2) and managed using an Idealist data-
base. When there was insufficient data on outcome
of SWI in the article, authors were contacted for
clarification (three authors were contacted, two
replied). Indicators of study quality included

method of randomisation, blind outcome assess-
ment, written definition of SWI, withdrawals, and
a priori calculation of sample size. True random-
isation is defined as concealed patient allocation
until the point of allocation.'” According to
examples listed in the Cochrane Collaboration
Handbook,' the following methods were
considered to be true randomisation:

centralised or pharmacy-controlled randomisation
pre-numbered or coded identical containers
which are administered serially to participants

* on-site computer system combined with group
assignments in a locked unreadable computer
file that can be accessed only after entering
characteristics of an enrolled subjects

¢ sequentially numbered, sealed, opaque envelopes.

Data extraction

The wound itself has the greatest risk of infection
from endogenous bacterial contamination during
surgical procedures." In this review, therefore,

the rate of SWI is used as the principal outcome
measure to assess the relative effectiveness of anti-
microbial prophylaxis in colorectal surgery. The
definition and diagnosis of SWIs often vary in pub-
lished studies. If possible, only abdominal wound
infections are included because of their reliability.
However, in some trials it was not clear whether peri-
neal wound infections or other infections related to
the surgical procedures were included. In these
cases, the reported results are presented.

Data on other postoperative infections (systemic
infections) were also collected from each trial.
Remote infection (such as respiratory tract
infections, urinary tract infections) may be
important but the definition and diagnosis is
more problematic. Anastomotic leakage is not
considered in this review because it is mainly
associated with the surgical technique used and
complex patient characteristics. Other outcomes
that are important include prolonged hospital-
isation and increased cost of medical care. A
data extraction sheet is detailed in appendix 2.

Mortality data were recorded where available,
as mortality is a reliable and sensitive outcome
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measure to compare the results of antibiotic Review Manager Software (RevMan, version 3.0
prophylaxis with no-antibiotic controls in colorectal ~ for Windows). The Mantel-Haenszel method was
surgery.® However, when different regimens of chosen for calculating overall odds ratios and the
antibiotic prophylaxis are compared, the mortality chi-squared method for testing heterogeneity
rate is too low for comparing relative efficacy.'? between individual studies.

It is often inappropriate to pool results from trials

Data synthesis quantitatively. For example, trials may compare an
agent with other regimens in many different ways,

The studies were grouped according to the such as alone or in combination with other agents.

antibiotic used. Where appropriate (e.g. when Therefore, results from individual studies are

the same regimen of antibiotic prophylaxis was described in narrative form. To facilitate discussion,

assessed in several trials), formal meta-analysis figures are used to present the results of SWI for

and investigation of heterogeneity among trials antimicrobial prophylaxis regimens that have

was conducted using MetaView in Cochrane been assessed in four or more trials.
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Chapter 3

Results

total of 147 RCTs met the inclusion criteria

for this review. Details of each trial, including
the quality assessment, type of colorectal surgery,
antibiotic prophylaxis used, clinical results, and
conclusions are shown in appendix 3."7°° Among
these RCTs, 134 were published in English and
13 in other languages. The trials were conducted
in 25 different countries, mainly in Europe and
North America. A quarter of the trials were carried
out in the UK, 12% in the USA, 10% in Germany,
10% in Denmark, 6% in Italy, Sweden and
Australia. The review included 24 trials of patients
who underwent abdominal surgery, and from
which the results for colorectal surgery could
be separated from other procedures.

The overall rate of SWI with various regimens
of prophylactic antimicrobial agents in
colorectal surgery was 11.1% (2540/22,927)
after excluding the four no-antibiotic arms.
The rate of SWI was 10.6% in the 120 trials
that included patients undergoing elective
colorectal surgery only, and 13.4% in the

27 trials that included both elective and emergency
colorectal surgery.

Quality of the studies

Table 1 summarises the results of the quality
assessment of RCTs. The proportion of the trials
that used truly concealed randomisation was 37%
and the proportion of trials that assessed outcome
blindly was 40%. The majority of the trials did not
calculate the required sample size (84%) and many
included fewer than 100 patients (39%). The with-
drawals were not reported in 22% of the trials and
follow-up period was not clear for 33% of the trials.
The proportion of the trials that did not give a
written definition of SWI was 21%.

When the studies were grouped according to

the year of publication, it can be seen that the
quality of trials has improved over the last 12 years
(Table 1). The proportion of trials in which the
method of randomisation was truly concealed

TABLE 1 Summary of quality assessment of RCTs of antibiotic prophylaxis in colorectal surgery (1984-95)

Year of publication 1984-87
True randomisation 30%
Blinding assessment 44.4%
A priori calculation of sample size 6.3%
Definition of SWI 76.2%
Follow-up, 28 days or longer 44.4%
Withdrawal rate

< 10% 28.6%

Unsure 38.1%
Sample size of the trials

<100 55.6%

100-299 42.9%

> 300 1.6%
No. of centres in the trials

Single centre 77.8%

24 centres 11.1%

5 centres or more 11.1%

Total number of trials 63

1988-91 1992-95 All trials
32.8% 65.2% 36.7%
34.4% 43.5% 40.1%
19.7% 34.8% 16.3%
80.3% 82.6% 78.9%
62.3% 73.9% 56.5%
45.9% 34.8% 36.7%
13.1% 4.3% 22.4%
34.4% 4.3% 38.8%
52.4% 56.5% 49.0%
13.1% 39.1% 12.2%
70.5% 11.7% 64.4%
14.8% 15.0% 13.3%
14.8% 30.4% 15.7%

23 147
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was 30%, 33%, and 65%, respectively, for the three
time periods, 198487, 1988-91, and 1992-95.
Trials published between 1992 and 1995 were also
of better quality in terms of a priori calculation of
sample size, definition of SWI, appropriate follow-
up period, and the reporting of withdrawals.

More multicentre studies have also been published
more recently and, in addition, patient numbers
have risen; the sample size was smaller than 100 in
more than 50% of the trials published between
1984 and 1987 compared with only 4.3% of trials
published since 1992.

Antibiotic prophylaxis versus
no-antibiotic controls

The review identified four trials published since
1984 that compared patients receiving antibiotic
prophylaxis for colorectal surgery with a control
group not given antibiotics (Table 2).53.56-197.150

The antibiotics used prophylactically in these four
trials were gentamicin plus metronidazole,” metro-
nidazole alone or metronidazole plus ampicillin,*
mezlocillin plus oxacillin,”” and cefoxitin.'™ The
results from the individual studies showed consist-
ently that the SWI rate was much lower in the
antibiotic groups than that in the control groups
(12.9% versus 40.2%; pooled odds ratio = 0.24;
95% CI: 0.13, 0.43).

Different antibiotics and surgical
wound infections

Few regimens were directly compared, each
comparison being evaluated by a limited number
of trials, in which the sample size was often too
small to have sufficient statistical power (appendix
4). Below, the results of SWI rates are discussed

TABLE 2 Antibiotic prophylaxis versus no-antibiotic control

separately for each antibiotic agent that has been
assessed in at least four trials.

Ampicillin

Ampicillin is a broad-spectrum penicillin and is
active against certain Gram-positive and Gram-
negative organisms. It may be inactivated by penicil-
linases produced by bacteria such as Staphylococcus
aureus and Escherichia coli. When it is administered
orally, less than half is absorbed.

Five trials compared ampicillin plus metronidazole
with other regimens of prophylactic antibiotics in
colorectal surgery (Table 3).56:699013313¢ Tyq trials
showed that ampicillin plus metronidazole was
more effective than metronidazole alone in the
prevention of SWIL.*%!** In the trial by Jensen and
co-workers,” it was found that ampicillin plus
metronidazole was associated with a significantly
higher SWI rate than cefuroxime plus metronid-
azole in 39 patients who underwent emergency
colorectal surgery, but there was no difference in
272 patients who underwent elective colorectal
surgery. Two other trials did not find a difference
between ampicillin plus metronidazole and
ceftriaxone alone or cefoxitin alone.”'*

No statistically significant differences were found
when ampicillin plus sulbactam was compared with
gentamicin plus metronidazole'® and cefoxitin.*
The use of topical ampicillin in addition to oral
antibiotics or in addition to intravenous cefotaxime
was not found to have an additional benefit.'**!*?

Aztreonam

Aztreonam is a monocyclic beta-lactam antibiotic
with an antibacterial spectrum limited to Gram-
negative aerobic bacteria. Therefore, it is often
combined with clindamycin (active against Gram-
positive and anaerobic bacteria) in trials of
antibiotic prophylaxis in colorectal surgery.

Study [reference] Prophylaxis Control Odds ratio Odds ratio
n/N n/N (95% CI fixed) [95% CI fixed]
Gomez-Alonso [53] 6/35 13/31 —— 0.29 [0.09, 0.89]
Gottrup [56] 11/94 13/41 —— 0.29 [0.11,0.71]
Schiessel [137] 2/29 12/31 — 0.12[0.02,0.59]
Utley [150] 3/13 11719 — 0.13 [0.04, 1.06]
Total (95% ClI) 22/171 49/122 - 0.24 [0.13,0.43]

I 1 1 1

0.01 0.1 | 10 100 (log scale)

Favours prophylaxis Favours control
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TABLE 3 Ampicillin versus other antibiotics

Regimen and study Incidence of SWI Odds ratio Odds ratio
[reference] (95% ClI fixed) [95% CI fixed]
Ampicillin Other
n/N antibiotics
n/N
(Ampicillin + metronidazole) x 10 vs. 1/48 10/46 EEE—— 0.8 [0.01,0.63]

metronidazole x 10
Gottrup [56]

(Ampicillin + metronidazole) X | vs. 1/188 6/170 E— 0.15[0.02, 1.23]
(metronidazole % 1)

Roland [133]

(Ampicillin x 12) + (metronidazole x 9) 14/175 13/177 - 1.10 [0.50,2.41]

vs. (cefoxitin x 3)
Rorbaek-Madsen [134]

(Ampicillin + metronidazole) X | vs. 5/36 4/32 e 1.13[0.28,4.63]
(ceftriaxone % 1)

Luke [90]

(Ampicillin + metronidazole) X 3 vs. 4/12 I/16 T 7.50 [0.71,78.91]

(cefuroxime + metronidazole) X |
Jensen [69]

(Ampicillin + metronidazole) X | vs. 6/11 1716 ——— 18.00[1.72, 188.09]
(cefuroxime + metronidazole) X |
Jensen [69]

(Ampicillin + metronidazole) X 3 vs. 8/92 7191 —_ 1.14 [0.40, 3.29]
(cefuroxime + metronidazole) X |
Jensen [69]°

(Ampicillin + metronidazole) X | vs. 8/89 7191 —f— 1.19 [0.41, 3.42]
(cefuroxime + metronidazole) x |
Jensen [69]"

(Ampicillin + sulbactam) x 3 vs. 6/63 7/65 —r 0.87 [0.28,2.75]
(gentamicin + metronidazole) x 3
AhChong [15]

(Ampicillin + sulbactam) x 4 vs. 7144 9/48 — 0.82 [0.28,2.43]
(cefoxitin x 4)
De La Hunt [41]

(Ampicillin + neomycin + erythromycin) 6/50 2/50 - 3.27 [0.63, 17.07]
X 3 vs. (cefotaxime X 3)
Raahave [128]

(Ampicillin x 1) + (cefotaxime X 3) 5/81 6/89 — 0.91 [0.27,3.10]
vs. (cefotaxime x 3)
Raahave [129]

[ I I 1
001 002 [ 50 1000 (log scale)

Favours ampicillin Favours other antibiotics

“Estimated number of SWI
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Aztreonam plus metronidazole was a less
efficacious regimen than cefotaxime plus
metronidazole (32.4% versus 12.9%) for the
prevention of SWIs in colorectal surgery.'® The
authors claimed that this was because aztreonam
plus metronidazole provided good Gram-negative
and anaerobic cover but little activity against
Gram-positive bacteria.

Four trials compared aztreonam plus clindamycin
with other antibiotics (Table 4).2°9199132 Tywo very
small trials compared aztreonam plus clindamycin
with cefotetan® or ceftriaxone® and no significant
differences were found. By pooling the results from
two trials,'?®!3? it was found that the rate of SWI in
the aztreonam plus clindamycin group was signifi-
cantly lower than that of the gentamicin plus
clindamycin group (7.2% versus 13.6%, overall
odds ratio = 0.51; 95% CI: 0.3, 0.87).

Clindamycin

Clindamycin is active against Gram-positive cocci,
including penicillin-resistant staphylococci and

also against many anaerobes, particularly Bacteroides
fragilis, and is often combined with other antibiotics
such as aztreonam or gentamicin. However, clinda-

TABLE 4 Aztreonam versus other antibiotics

Regimen and study

[reference]
Aztreonam +
clindamycin
n/N
(Aztreonam + metronidazole) x 3 vs. 23/71
(cefotaxime + metronidazole) x 3
Morris [106]
(Aztreonam + clindamycin) x 3 vs. 0/26
(cefotetan x 3)
Bellantone [25]
(Aztreonam + clindamycin) X 5 vs. 1/18
(ceftriaxone % 1)
Franceshini [50]
(Aztreonam + clindamycin) X 3 vs. 8/66
(gentamicin + clindamycin) x 3
Rodolico [132]
(Aztreonam + clindamycin) X 3 vs. 13/224

gentamicin + clindamycin) X 3
Mozzillo [109]

Favours aztreonam + clindamycin

Incidence of SWI

mycin is associated with an increased risk of pseudo-
membranous colitis which may be fatal. Clinda-
mycin plus gentamicin was less effective than
clindamycin plus aztreonam.'”'* The difference
was not statistically significant when clindamycin
plus gentamicin were compared with cefoxitin,
gentamicin plus lincomycin, or gentamicin

plus metronidazole.”®

Cefotaxime
Cefotaxime is a ‘third-generation’ cephalosporin
with great activity against Gram-negative bacteria.

Most trials showed no significant difference in SWI
rate when cefotaxime alone was compared with
other regimens (Table 5), such as ticarcillin plus
clavulanic acid” (Timentin®, SmithKline Beecham
Pharmaceuticals, Welwyn, UK), cefoperazone,70
penicillin plus streptomycin,® mezlocillin,”
cefoxitin,'® and oral neomycin plus erythromycin
plus topical ampicillin.'® Jones and co-workers”
found that cefotaxime as a single dose (second
dose if operation continued over 2 hours) was less
effective than four doses of cephazolin or cefoxitin
when all patients received intraluminal neomycin
and erythromycin (14% versus 3%, p = 0.057).

Odds ratio
(95% Cl fixed)

Odds ratio
[95% CI fixed]

Other
antibiotics

n/N
9/70 — 3.25[1.38,7.66]
1/32 0.40 [0.02, 10.14]
0/14 2.49 [0.09, 65.76]
12/72 —f— 0.69 [0.26, 1.81]

29/230 — 0.43 [0.22,0.84]

I T T |
0.01 0.l | 10 100 (log scale)

Favours other antibiotics
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Five trials compared cefotaxime plus metronidazole
with other regimens (Table 5). It was found that a
regimen of three doses of cefotaxime plus metro-
nidazole was significantly more effective than
aztreonam plus metronidazole.'”® Other trials did
not find significant differences between cefotaxime
plus metronidazole and other regimens such as
co-amoxiclav,* cefoxitin,* ceftriaxone plus ornida-
zole,” and cefuroxime plus metronidazole.'*

When cefotaxime plus metronidazole in a single
dose was compared with multiple doses, no signifi-
cant difference was found.*'*” Hakansson and co-
workers™ showed that a single dose of cefotaxime
plus metronidazole was significantly more effective
than three doses of cefotaxime alone (6.6% versus
15.7%, p = 0.0006). In other trials, however, cefo-
taxime alone was as efficacious as cefotaxime plus
metronidazole,*” or plus topical ampicillin.'®

Cefotetan
Cefotetan is a long-acting, broad-spectrum, third-
generation cephalosporin.

Seven trials compared cefotetan alone with other
regimens (Table 6)'19,25,64,68,107,117,118,140,149 No Signiﬁ-
cant difference was observed when cefotetan alone
was compared with cefoxitin,”*!'” gentamicin plus
metronidazole,"* co-amoxiclav,'? cefuroxime plus
metronidazole,"* piperacillin,* or clindamycin
plus aztreonam.” It was found that cefotetan alone
was as effective as cefotetan plus metronidazole,'"”
and cefotetan plus thymostimulin.'® Greig and
co-workers” found no extra benefit when cefotetan
was used as a topical application in addition to
intravenous gentamicin plus metronidazole.

Cefoxitin
Cefoxitin is a second-generation cephamycin that
is active against bowel flora including B. fragilis.

There was no significant difference in SWI rate
when cefoxitin alone was compared with other
antibiotic regimens in 15 trials (Table 7). Cefoxitin
alone was at least as efficacious as cefoxitin plus oral
neomycin (or tinidazole) and erythromycin.*120:14!

In addition to oral neomycin and erythromycin,
three doses of cefoxitin, (2 g) seemed to be

less efficacious compared with a single dose

of cefmetazole (2 g) in the prevention of post-
operative wound infection.*'* Cefoxitin plus
oral neomycin and erythromycin was more
efficacious than oral neomycin and erythro-
mycin alone'® and was of similar efficacy as oral
neomycin and erythromycin plus cefonicid*

or plus cephazolin.” Single-dose ceftriaxone

appeared to be as efficacious as three doses of
cefoxitin with or without metronidazole.'’

Ceftriaxone
Ceftriaxone is a third-generation cephalosporin
with a longer half-life than other cephalosporins.

The difference in the SWI rate was not significant
when ceftriaxone alone was compared with aztre-
onam plus clindamycin,” ampicillin plus metro-
nidazole,” cephazolin plus metronidazole,” cefoxi-
tin,'? or cefotiam plus gentamicin and metronida-
zole!® (Table 8). Matikainen and Hiltunen®? found
that ceftriaxone plus tinidazole was more effi-
cacious than netilmicin plus tinidazole. Ceftriaxone
plus ornidazole was as efficacious as amikacin plus
metronidazole.'*” Ceftriaxone plus metronidazole
was as efficacious as ceftazidime plus metronida-
zole,”! cefamandole plus metronidazole,”” and
co-amoxiclav,"® and more efficacious than genta-
micin plus metronidazole.*® Two trials compared
ceftriaxone plus metronidazole with oral neomycin
plus erythromycin. In the trial by Weaver and co-
workers,'?? ceftriaxone plus metronidazole was
significantly more efficacious than oral neomycin
plus erythro-mycin (9.7% versus 41.4%, p = 0.005).
In the trial by Kling and Dahlgren® there were no
abdominal wound infections and the rate of peri-
neal wound infection was not significantly different
between the two groups.

Cefuroxime

Cefuroxime is a second-generation cephalosporin,
which are less susceptible than the earlier cephalo-
sporins to inactivation by penicillinases.

In the RCTs reported in this review, cefuroxime

was almost always combined with metronidazole
(Table 9). Cefuroxime plus metronidazole was

more efficacious than metronidazole alone,3%6%101
piperacillin alone,' and co-amoxiclav.'"® Three trials
compared cefuroxime plus metronidazole with mez-
locillin alone.®**!* A statistically significant differ-
ence was found in only one of these trials.” When
the results of these three trials were pooled, the rate
of SWI in the cefuroxime plus metronidazole group
was significantly lower than that in the mezlocillin
group (odds ratio = 0.55; 95% CI: 0.32, 0.93).

The results with cefuroxime plus metronidazole
were not significantly different from those with
ampicillin plus metronidazole,” cefoxitin,* netilmi-
cin plus metronidazole,” imipenem,” latamoxef,”
imipenem plus cilastatin,'” cefotaxime plus metro-
nidazole," or cefotetan.'* No significant difference
was found in a small trial that compared a single
dose of cefuroxime plus metronidazole with three
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TABLE 5 Cefotaxime versus other antibiotics

Regimen and study
[reference]

(Cefotaxime x 3) vs. (neomycin + erythromycin)
% 3 + (ampicillin X 1)
Raahave [128]

(Cefotaxime X I) vs. (cefoperazone X 1)
Jones [70]

(Cefotaxime X 1) vs. (mezlocillin x I)
Mendel [98]

(Cefotaxime x 1) vs. (cefoxitin x 5)
Shatney [139]

(Cefotaxime x I) vs. (cephazolin or cefoxitin) x 4
Jones [71]

(Cefotaxime x 4) vs. (ticarcillin/clavulanic acid X |)
Jones [72]

(Cefotaxime + metronidazole) X 3 vs.
(aztreonam + metronidazole) x 3
Morris [106]

(Cefotaxime x 4) + (metronidazole X 3) vs.
(ceftriaxone + ornidazole) X |
Fingerhut [49]

(Cefotaxime + metronidazole) X 3 vs. (co-amoxiclav x 3)
Kwok [82]

(Cefotaxime + metronidazole) X | vs. (cefuroxime +
metronidazole) X 3
Rowe-Jones [135]

(Cefotaxime + metronidazole) X | vs. cefoxitin x |
Kow [81]

(Cefotaxime x 3) + (metronidazole x ) vs. (cefoxitin x 3)
Kow [81]

(Cefotaxime x 3) + (metronidazole X 1) X 3 vs.
(cefotaxime + metronidazole) X |
Kow [81]

[All: Metronidazole x 6] (Cefotaxime X 3) vs.
(cefotaxime % [)
Rangabashyam [130]

(Cefotaxime x 3) vs. (cefotaxime +metronidazole) x |
Hakansson [59]

(Cefotaxime x 3) vs. (cefotaxime X 3) + ampicillin
Raahave [129]

(Cefotaxime x 4) vs. (cefotaxime X 4) + metronidazole
Favre [47]

(Cefotaxime X 3) vs. (penicillin X 19) + (streptomycin X 9)
Lauridsen [84]

(Cefotaxime + metronidazole) X 10 + cefotaxime vs.
(cefotaxime + metronidazole) x 10
Moesgaard [104]

Favours cefotaxime

Incidence of SWI Odds ratio
Cefotaxime  Other (95% Cl fixed)
n/N antibiotics
n/N
2/50 6/50
1124 223 I
3/52 2/48 S D
736 3/34 I
4129 2/71
178 o/l
9/70 23/71 —_—
4/102 6/122 N
8/88 7176 I
33/454 32/453 £
7/84 10/73 .
9/81 8/8| L
9/81 7/84 N
1117 217 I
44/280 19/287 e
6/89 5/81 L
4/74 107143 .
0/52 1/48
2121 4/19 N
T T |
0.01 0.l | 10

Odds ratio
[95% CI fixed]

0.31 [0.06, 1.59]

0.46 [0.04,5.41]

.41 [0.23,8581]

2.49 [0.59, 10.57]

5.52 [0.95,32.02]

460 [0.16, 128.55]

0.31[0.13,0.73]

0.79 [0.22, 2.88]

0.99 [0.34,2.86]

1.03 [0.62, 1.71]

0.57 [0.21, 1.59]

114 [042,3.12]

1.37 [0.49, 3.83]

0.47 [0.04,5.72]

2.63 [1.49,4.63]

1.10 [0.32,3.75]

0.76 [0.23,2.51]

0.30[0.01,7.58]

0.39 [0.06, 2.45]

|
100 (log scale)

Favours other antibiotics
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TABLE 6 Cefotetan versus other antibiotics

Regimen and study

[reference]
Cefotetan

n/N

(Cefotetan x 2) vs. (gentamicin X 15) 10/75
+ metronidazole x |
Tudor [149]

(Cefotetan x 2) vs. (cefuroxime + 10/68
metronidazole) x 3
Skipper [140]

(Cefotetan x |) vs. (piperacillin x 3) 14/75
Hershman [64]

(Cefotetan X |) vs. (co-amoxiclav X 1) 4/103
Arnaud [19]

(Cefotetan x 3) vs. (clindamycin + 1/32
aztreonam) X 3
Bellantone [25]

(Cefotetan X |) vs. (cefoxitin x 5) 25/164

Jagelman [68]

(Cefotetan X |) vs. (cefoxitin x 4) 18/197
Periti [117]

(Cefotetan x 2) vs. (cefotetan X 2) + 39/278
(metronidazole % 3)

Morton [107]

(Cefotetan x 1) vs. (cefotetan X |) +
(thymostimulin x 7)
Periti [118]

72/434

[All: Gentamicin + metronidazole] 15/64
Cefotetan in saline lavage vs. saline only
Greig [57]

doses of the same antibiotics (10.5% versus 3.4%,

p = 0.554)."* Cefuroxime alone appeared to be less
efficacious than cefuroxime plus metronidazole in
a small trial but the difference was not statistically
significant (9.4% versus 0%, p = 0.24).%®

Co-amoxiclav

Co-amoxiclav (Augmentin®, SmithKline Beecham
Pharmaceuticals, Welwyn, UK), is a combination of
amoxycillin and clavulanic acid. Amoxycillin has a
similar antibacterial spectrum to ampicillin but is
better absorbed than ampicillin when given orally.
Clavulanic acid is used to inactivate penicillinases.
Therefore, it is believed that co-amoxiclav is active
against penicillinase-producing bacteria that are
resistant to amoxycillin.

Incidence of SWI

Odds ratio
(95% CI fixed)

Odds ratio
[95% CI fixed]

Other
antibiotics
n/N
17/75 i 0.52 [0.22, 1.24]
5/36 - 1.07 [0.34,3.41]
13/78 I 1.15 [0.50,2.64]
2/105 R 2.08 [0.37, 11.62]
0/26 2.52 [0.10, 64.58]
11/75 1 1.05 [0.49,2.26]
23/206 L 0.80 [0.42, 1.53]
34/253 1 1.05 [0.64, 1.72]
56/425 ™ 1.31 [0.90,1.91]
18/65 T 0.80 [0.36, 1.77]
I T T 1
0.0l 0.l | 10 100 (log scale)

Favours cefotetan  Favours other antibiotics

Single or multiple doses of co-amoxiclav have
been compared with other regimens of prophy-
lactic antibiotics in eight trials of colorectal
surgery (Table 10). In one trial it was found that
co-amoxiclav was significantly less efficacious than
cefuroxime plus metronidazole (p = 0.045)."°
However, the significant difference observed in
this trial was associated with a higher rate of re-
operation for postoperative complications such
as anastomotic leak or haematoma.

Seven trials did not find differences in the SWI
rate between co-amoxiclav arms and other anti-
biotics such as cephradine plus metronidazole,'*
gentamicin plus metronidazole,” ceftriaxone plus
metronidazole,'? cefotaxime plus metronidazole,*
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TABLE 7 Cefoxitin versus other antibiotics

Regimen and study Incidence of SWI Odds ratio Odds ratio
[reference] (95% Cl fixed) [95% Cl fixed]
Cefoxitin Other
n/N antibiotics
n/N
(Cefoxitin x 10) vs. (cephalothin x 18) 0/30 3/30 0.13[0.01,2.61]
Antonelli [17]
(Cefoxitin x 5) vs. (cefotaxime x ) 3/34 736 —_— 0.40 [0.09, 1.70]
Shatney [139]
(Cefoxitin x 3) vs. (metronidazole + tobramycin) x 3 4127 7126 — 0.47 [0.12, 1.86]
+ (penicillin x 5)
Perrott [119]
(Cefoxitin x 3) vs. (ampicillin x 12) + (metronidazole x9)  13/177 14/175 — 0.91 [0.42,2.00]
Rorbaek-Madsen [134]
(Cefoxitin x 5) vs. (cefotetan x [) 11/75 25/164 —— 0.96 [0.44,2.06]
Jagelman [68]
(Cefoxitin x 4) vs. (cephazolin x 4) 1136 1/35 0.97 [0.06, 16.16]
Jones [71]
(Cefoxitin x 2) vs. (gentamicin + clindamycin) x 3 2/37 3/35 —_— 0.61[0.10, 3.89]
Mosimann [108]
(Cefoxitin x 3) vs. (gentamicin + clindamycin) x 2 7130 6/30 _ 1.22 [0.36,4.17]
Cainzos [32]
(Cefoxitin x 4) vs. (ampicillin + sulbactam) x 4 9/48 7144 _—t 1.22 [0.41,3.61]
De La Hunt [41]
(Cefoxitin x 1) vs. (cefotaxime + metronidazole) x | 10/73 7/84 —— 1.75 [0.63,4.85]
Kow [81]
(Cefoxitin x 3) vs. (cefotaxime X 3) + (metronidazole x 1)~ 8/8I 9/81 . 0.88 [0.32,2.40]
Kow [81]
(Cefoxitin x 4) vs. (cefotetan x 1) 23/206 18/197 —— 1.25 [0.65,2.39]
Periti [117]
(Cefoxitin x ) vs. (cefuroxime + metronidazole) x | 2/31 0/30 5.17[0.24,112.29]
Corman [38]
(Cefoxitin x 1) vs. (cefuroxime X |) 2/31 332 —_— 0.67 [0.10,4.29]
Corman [38]
(Cefoxitin x 3) vs. (neomycin + erythromycin) x 3 2/51 3/44 —_— 0.56 [0.09, 3.50]
Stellato [141]
(Cefoxitin x 1) vs. (piperacillin X ) 5/30 2/30 N 2.80 [0.50, 15.73]
Armengaud [18]
T T T 1
0.01 0.1 | 10 100 (log scale)
Favours cefoxitin Favours other antibiotics

continued
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TABLE 7 contd Cefoxitin versus other antibiotics

Regimen and study
[reference]

Cefoxitin

n/N

(Cefoxitin x 3) vs. (ampicillin + sulbactam) X 3 12/126

Menzel [99]

(Cefoxitin x 3) vs. (piperacillin + 12/126
metronidazole) x 3

Menzel [99]

(Cefoxitin x 5) vs. (cefoxitin X 5) + (neomycin 15/141
+ erythromycin) X 3

Coppa [37]

(Cefoxitin x 3) vs. (cefoxitin % 3) + (tinidazole X ) + 0/39
(neomycin x 3)
Peruzzo [120]

(Cefoxitin x 3) vs. (cefoxitin + neomycin + 2/51
erythromycin) x 3
Stellato [141]

(Cefoxitin x 3) vs. (ceftriaxone X ) 3/45
Nel [110]

[All: (Neomycin + erythromycin)] (Cefoxitin X 3) vs. 3/51
no additional antibiotics

Stellato [141]

[All: (Neomycin + erythromycin)] (Cefoxitin X 3) vs. 5/101
no additional antibiotics

Schoetz [138]

[All: (Neomycin + erythromycin)] (Cefoxitin x 3) 2/12
vs. (cefmetazole X 3)
Plouffe [126]

[All: (Neomycin + erythromycin) x 3] (Cefoxitin x 3) 4/32
vs. (cefmetazole X 1)
DiPiro [45]

[All: (Neomycin + erythromycin) x 3] (Cefoxitin x 5) 117
vs. (cefonicid x 1)
Fabian [46]

[All: (Neomycin + erythromycin) x 3] (Cefoxitin x 5) 1/36
vs. (cephazolin x 4)
Jones [71]

Incidence of SWI

Other

Odds ratio
(95% Cl fixed)

Odds ratio
[95% Cl fixed]

antibiotics

n/N

10/142

12/137

9/169

4/41

3/51

6/45

3/44

14/96

0/28

1163

223

1/35

I 1 1
0.0l 0.1 | 10

Favours cefoxitin

139 [0.58,3.34]

1.10 [0.47,2.54]

2.12[0.90, 5.00]

“«—

0.11 [0.01,2.03]

0.65 [0.10,4.08]

046 [0.11,1.98]

0.85 [0.16,4.46]

0.31[0.11,0.88]

——— > 13.57[0.60, 306.66]

8.86 [0.95,82.89]

0.66 [0.05,7.89]

0.97 [0.06, 16.16]

1
100 (log scale)

Favours other antibiotics
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TABLE 8 Ceftriaxone versus other antibiotics

Regimen and study
[reference]

(Ceftriaxone X 1) vs. (aztreonam +
clindamycin) x 5
Franceshini [50]

(Ceftriaxone X 1) vs. (ampicillin +
metronidazole) X |
Luke [90]

(Ceftriaxone + glycerol suppository) x | vs.
(cephazolin x |) + metronidazole
suppository

Lumley [91]

(Ceftriaxone x ) vs. (cefoxitin x 3)
Nel [110]

(Ceftriaxone + metronidazole) X | vs.
(ceftazidime + metronidazole) x 4
Garcia [51]

(Ceftriaxone + metronidazole) X | vs.
(cefamandole + metronidazole) X |
Hall [62]

(Ceftriaxone + metronidazole) X 2 vs.
(co-amoxiclav) x 2
Nyam [113]

(Ceftriaxone + metronidazole) X | vs.
(gentamicin + metronidazole) x |
Burdon [30]

(Ceftriaxone x ) vs. (cefotiam + gentamicin
+ metronidazole) X 3
Wohlfart [155]

(Ceftriaxone + tinidazole) X | vs.
(netilmicin + tinidazole) x |
Matikainen [92]

(Ceftriaxone + ornidazole) % 3 vs.
(amikacin x 5) + metronidazole x 7
Tsimoyiannis [147]

(Ceftriaxone + metronidazole) X | vs.
(neomycin + erythromycin) x 3
Kling [80]

(Ceftriaxone + metronidazole) X | vs.
(neomycin + erythromycin) x 3
Weaver [152]

Incidence of SWI

Ceftriaxone

n/N

0/14

4/32

8/94

6/45

1/30

4/56

4/100

5/59

1/30

8/315

2/25

2/27

3/31

Other
antibiotics

n/N

1718

5/36

7/96

3/45

2/30

6/75

4/100

14/61

2/30

38/313

1/25

1727

12/29

Odds ratio
(95% CI fixed)

1 1
0.1 I 10

Odds ratio
[95% CI fixed]

0.40 [0.02, 10.64]

0.89 [0.22,3.63]

.18 [0.41,3.40]

2.15 [0.50,9.21]

0.48 [0.04, 5.63]

0.88 [0.24, 3.30]

1.00 [0.24,4.11]

0.31 [0.10,0.93]

0.48 [0.04,5.63]

0.19 [0.09,0.41]

2.09 [0.18, 24.62]

2.08 [0.18,24.41]

0.15 [0.04, 0.62]

1
100 (log scale)

Favours ceftriaxone Favours other antibiotics
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TABLE 9 Cefuroxime plus metronidazole versus other antibiotics

Regimen and study Incidence of SWI Odds ratio Odds ratio

[reference] (95% CI fixed) [95% CI fixed]
Cefuroxime + Other

metronidazole antibiotics
n/N n/N

(Cefuroxime + metronidazole) x | vs. 1716 6/11 _ 0.06 [0.01,0.58]
(ampicillin + metronidazole) x |
Jensen [69]

(Cefuroxime + metronidazole) x | vs. 1716 4/12 ! 0.13 [0.01, 1.40]
(ampicillin + metronidazole) x 3
Jensen [69]

(Cefuroxime + metronidazole) x | vs. 7/91 8/89 — 0.84 [0.29,2.43]
(ampicillin + metronidazole) x |
Jensen [69]

(Cefuroxime + metronidazole) x | vs. 7/91 8/92 —— 0.88 [0.30,2.52]
(ampicillin + metronidazole) x 3
Jensen [69]

(Cefuroxime + metronidazole) x 3 vs. 0/13 0/12 Not estimable
(metronidazole + netilmicin) % 3
Haverkorn [63]

(Cefuroxime + metronidazole) x | vs. 0/30 3/32 - 0.14[0.01,2.79]
(cefuroxime x |)
Corman [38]

(Cefuroxime + metronidazole) x | vs. 0/30 2/31 —_ 0.19[0.01,4.20]
(cefoxitin) x |
Corman [38]

(Cefuroxime + metronidazole) x | vs. 0/30 0/27 Not estimable
cefoxitin x 4
Corman [38]

(Cefuroxime + metronidazole) x 3 vs. 2179 8/69 — 0.20 [0.04,0.97]
(co-amoxiclav X 3)
Palmer [116]

(Cefuroxime X 3) + (metronidazole X 4) vs. 8/119 18/104 — 0.34[0.14,0.83]
(piperacillin x 4)
Reynolds [131]

(Cefuroxime x 3) + (metronidazole x 4) vs. 8/119 9/107 4 0.78 [0.29,2.11]
(piperacillin x 4) + (metronidazole x 6) +
(neomycin x 8)
Reynolds [131]

(Cefuroxime + metronidazole) x | vs. 3/27 7/33 —_— 0.46 [0.11,2.00]
(metronidazole x 1)
Mittermayer [101]

(Cefuroxime + metronidazole) x | vs. 6/40 10/40 . 0.53 [0.17, 1.63]
(metronidazole X 1)
Cunliffe [39]

[ I I 1
0001 002 | 50 1000 (log scale)

Favours cefuroxime  Favours other antibiotics
+ metronidazole

continued
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TABLE 9 contd Cefuroxime plus metronidazole versus other antibiotics

Regimen and study Incidence of SWI Odds ratio Odds ratio
[reference] (95% CI fixed) [95% CI fixed]
Cefuroxime + Other
metronidazole antibiotics
n/N n/N

(Cefuroxime + metronidazole) x 3 vs. 0/13 3/11 E— 0.09 [0.00, 1.97]
(metronidazole x 3)
Haverkorn [65]

(Cefuroxime x 6) + (metronidazole X 2) vs. 1/36 8/35 — 0.10[0.01,0.82]
(metronidazole x 2)
Claesson [35]

(Cefuroxime + metronidazole) x 10 vs. 6/52 13/43 —— 0.30 [0.10,0.88]
(mezlocillin x 7)
Cann [33]

(Cefuroxime + metronidazole) x 3 vs. 10/53 15/51 - 0.56 [0.22, 1.39]
(mezlocillin x 3)
Diamond [44]

(Cefuroxime + metronidazole) x 3 vs. 14/56 16/54 -1 0.79 [0.34, 1.84]
(mezlocillin x 1)
Stubbs [143]

(Cefuroxime + metronidazole) x | vs. 27/108 32/121 - 0.93 [0.51, 1.68]
(latamoxef x [)
Kingston [77]

(Cefuroxime + metronidazole) x 3 vs. 5/36 10/68 - 0.94 [0.29,2.98]
(cefotetan x 2)
Skipper [140]

(Cefuroxime + metronidazole) x 3 vs. 33/454 32/453 - 1.03 [0.62, 1.71]
(cefotaxime + metronidazole) x |
Rowe-Jones [135]

(Cefuroxime + metronidazole) x 3 vs. 6/30 5/31 - 1.30 [0.35,4.82]
(imipenem + cilastatin) X |
Pacelli [115]

(Cefuroxime + metronidazole) x 3 vs. 17/122 22/114 —r 0.68 [0.34, 1.35]
(imipenem X 4)
Karran [75]

[ I I 1
0001 002 | 50 1000 (log scale)

Favours cefuroxime Favours other antibiotics
+ metronidazole

mezlocillin alone or plus metronidazole,*'* of SWI was not statistically significant (odds ratio =

and cefotetan." 1.41; 95% CI: 0.71, 2.82). There was no significant
difference when topical use of co-amoxiclav was

Bates and co-workers® compared a single compared with parenteral use in the study by

dose of co-amoxiclav with three doses of Pollock and co-workers,'*” in which the patients

co-amoxiclav. The difference in the rate also received metronidazole.
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TABLE 10 Co-amoxiclav” versus other antibiotics

Regimen and study
[reference]

Co-amoxiclav

n/N

(Co-amoxiclav x ) vs. (cefotetan % 1) 2/105
Arnaud [19]

(Co-amoxiclav % 3) vs. (cephradine + 17/84
metronidazole) x 3
Tehan [145]

(Co-amoxiclav x 2) vs. (gentamicin x 2) + 16/116
(metronidazole x )
Hall [61]

(Co-amoxiclav x 2) vs. (ceftriaxone + 4/100
metronidazole) X 2
Nyam [113]

(Co-amoxiclav x 3) vs. (cefotaxime + 7176
metronidazole) % 3
Kwok [82]

(Co-amoxiclav x 3) vs. (mezlocillin x 3) 4/30
Menzies [100]

(Co-amoxiclav x I) vs. (mezlocillin + 6/52
metronidazole) X |
Lohde [87]

(Co-amoxiclav x 3) vs. (cefuroxime + 8/69
metronidazole) % 3
Palmer [116]

(Co-amoxiclav % 1) vs. (co-amoxiclav x 3) 23/113
Bates [23]

(Co-amoxiclav + metronidazole) x |

vs. (co-amoxiclav local injection + | 11/47
metronidazole) X

Pollock [127]

* Amoxycillin plus clavulanic acid

Doxycycline

Doxycycline is a tetracycline antibiotic with
a broad spectrum of activity. Doxycycline was
assessed in eight trials for the prevention of
SWIs after colorectal surgery (Table 11).

Doxycycline alone was as efficacious as
metronidazole plus netilmicin.” Doxycycline
was as efficacious as metronidazole in one
trial’® but was less efficacious in another
trial” in which the single dose of antibiotics

Incidence of SWI

Odds ratio
(95% CI fixed)

Odds ratio
[95% CI fixed]

Other
antibiotics

n/N

4/103 —_— 0.48 [0.09, 2.68]
9/36 —— 0.76 [0.30, 1.92]
18/121 -1 0.92 [0.44, 1.90]
4/100 e 1.00 [0.24,4.11]
8/88 S — 1.01 [0.35,2.94]
4/39 I 1.35[0.31,5.89]
9/59 — 0.72 [0.24,2.19]
2/79 — 5.05 [1.03,24.65]
17/111 T 1.41 [0.71,2.82]
9/40 e 1.05 [0.39,2.87]

[ I I 1
0.0l 0.l I 10 100 (log scale)

Favours co-amoxiclav  Favours other antibiotics

was administered 3—4 hours before
the operation.

Doxycycline alone was less efficacious than
doxycycline plus metronidazole®® or doxycycline
plus tinidazole.”® Doxycycline plus metronidazole
appeared to be less efficacious than fosfomycin
plus metronidazole (p = 0.054).'° A large trial
found that doxycycline added to tinidazole
reduced the SWI rate significantly compared
with tinidazole alone (p = 0.017).!12
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Gentamicin

Gentamicin is a broad-spectrum aminoglycoside.
It is inactive against anaerobic bacteria and not
absorbed from the gut.

Gentamicin alone was less efficacious in the pre-
vention of SWI in colorectal surgery when compared
with gentamicin plus ticarcillin.** Gentamicin was
often combined with metronidazole, or clindamycin
when used for the prevention of SWI in colorectal
surgery (Table 12). Gentamicin plus metronidazole
was as efficacious as ampicillin plus sulbactam,'
co-amoxiclav,’! latamoxef,’* cefotetan,'** and
metronidazole.'™ Gentamicin plus metronidazole
was as efficacious as gentamicin plus lincomycin

or gentamicin plus clindamycin.®

The rate of SWI in the group of gentamicin plus
metronidazole was significantly higher than that of

TABLE 11 Doxycycline versus other antibiotics

Regimen and study

[reference]
Doxycycline

n/N
(Doxycycline x 2) vs. (metronidazole x 8) 16/76
Aberg [13]
(Doxycycline x 1) vs. (metronidazole x I) 12/67
Kling [78]
(Doxycycline % 6) vs. (netilmicin + 5/50
metronidazole) x 3
Brolin [29]
(Doxycycline + metronidazole) X | vs. 16/258
(fosfomycin x 2) + (metronidazole x )
Andaker [16]
(Doxycycline + tinidazole) x | vs. 4/132
(tinidazole x 1)
Norwegian study [112]
(Doxycycline x ) vs. (doxycycline + 12/126
metronidazole) X |
Bergman [26]
(Doxycycline x 1) vs. (doxycycline + 10/107
tinidazole) X |
Gerner [52]
(Doxycycline x ) vs. (doxycycline x 4) 1/53

Goransson [54]

Incidence of SWI

oral ciprofloxacin plus intravenous metronida-
zole,” aztreonam plus clindamycin,'”® and
ceftriaxone plus metronidazole (p < 0.05).*

Two trials comparing gentamicin plus metro-
nidazole with oral neomycin plus erythromycin
on the day before surgery showed conflicting
results. One trial found that the rate of SWI

was higher in the group of gentamicin plus
metronidazole compared with that of oral
neomycin plus erythromycin, though the differ-
ence was not statistically significant (p = 0.095).*
The other trial showed, however, that a single
dose of gentamicin plus metronidazole was
significantly more efficacious than oral neomycin
plus erythromycin (p = 0.03).** It seems that these
latter results were more reliable because of the
superior study quality in terms of blind outcome
measurement, longer follow-up, low withdrawal

Odds ratio
(95% CI fixed)

Odds ratio
[95% CI fixed]

Other
antibiotics
n/N
21/81 B 0.76 [0.36, 1.60]
2/52 —_— 5.45[1.16,25.58]
4/50 — T 1.28 [0.32,5.07]
7/259 — 2.38 [0.96,5.89]
14/135 —_— 0.27 [0.09, 0.84]
2/135 e — 7.00 [1.53,31.93]
3/116 3.88[1.04, 14.51]
2/49 — E— 0.45 [0.04, 5.15]

]
100 (log scale)

Favours other antibiotics

I T T
0.01 0.1 I 10

Favours doxycycline
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TABLE 12 Gentamicin versus other antibiotics

Regimen and study
[reference]

(Gentamicin + metronidazole) x 3 vs.
(ampicillin + sulbactam) x 3
AhChong [15]

(Gentamicin x 2) + (metronidazole X |) vs.
(co-amoxiclav X 2)
Hall [61]

(Gentamicin + metronidazole) x 3 vs.
(neomycin + erythromycin) x 3
Figueras-Felip [48]

(Gentamicin + metronidazole) x | vs.
(neomycin + erythromycin) x 3
Lau [83]

(Gentamicin + metronidazole) x 3 vs.
(ciprofloxacin x 1) + (metronidazole x 3)
McArdle [93]

(Gentamicin + metronidazole) x 10 vs.
(ciprofloxacin x 7) + (metronidazole x 10)
McArdle [93]

(Gentamicin + metronidazole) % 3 vs.
(latamoxef x 3)
McCulloch [94]

(Gentamicin + metronidazole) X | vs.
(ceftriaxone + metronidazole) X |
Burdon [30]

(Gentamicin X 15) + (metronidazole X 1) vs.
(cefotetan x 2)
Tudor [149]

(Gentamicin + metronidazole) x 4 vs.
(metronidazole X 4)
Weidema [153]

(Gentamicin + metronidazole) x | vs.
(gentamicin + metronidazole + cefotetan)
Greig [57]

(Gentamicin + metronidazole) x 10 vs.
(gentamicin + lincomycin) x 10
Lozano [89]

(Gentamicin + metronidazole) x 10 vs.
(gentamicin + clindamycin) X 10
Lozano [89]

Incidence of SWI

Gentamicin
n/N

7165

18/121

7/48

5/67

13/45

7/142

6/45

14/61

17175

4/21

18/65

1/30

1/30

Other

antibiotics

n/N

6/63

16/116

2/45

14/62

4/40

4/42

5/41

5/59

10/75

5/20

15/64

3/30

4/30

Odds ratio
(95% CI fixed)

I
0.01

Favours gentamicin

1 1
0.1 | 10

Odds ratio
[95% CI fixed]

.15 [0.36,3.62]

.09 [0.53,2.26]

3.67[0.72,18.71]

0.28 [0.09,0.82]

3.66 [1.08, 12.36]

1.90 [0.51,7.05]

.11 [0.31,3.95]

3.22 [1.08,9.60]

1.91 [0.81,4.49]

0.71 [0.16,3.12]

.25 [0.57,2.77]

031 [0.03,3.17]

0.22 [0.02,2.14]

1
100 (log scale)
Favours other antibiotics

continued
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TABLE 12 contd Gentamicin versus other antibiotics

Regimen and study

[reference]
Gentamicin

n/N
(Gentamicin + metronidazole) x 2 vs. 22/209
(gentamicin + metronidazole) x 7
Moesgaard [103]
(Gentamicin + clindamycin) X 3 vs. 29/230
(aztreonam + clindamycin) x 3
Mozzillo [109]
(Gentamicin + clindamycin) X 3 vs. 12/72
(aztreonam + clindamycin) x 3
Rodolico [132]
(Gentamicin + clindamycin) X 3 vs. 3/35
(cefoxitin x 2)
Mosimann [108]
(Gentamicin + clindamycin) X 2 vs. 6/30
(cefoxitin x 3)
Cainzos [32]
(Gentamicin x 7) vs. (gentamicin + 14/26

ticarcillin) X 7
Desaive [42]

rate, and appropriate definition of SWI (see
details in appendix 3).*%%

Metronidazole

Metronidazole is active against anaerobic
bacteria. It seems that metronidazole alone

was inadequate in the prevention of SWI in
colorectal surgery when compared with other
antibiotics (Table 13). Metronidazole alone was
significantly less efficacious than metronidazole
plus ampicillin,*® metronidazole plus doxycycline
(p = 0.056),"** metronidazole plus cefuroxime or
netilmicin,”®% metronidazole plus fosfomycin,*
cephazolin plus neomycin and erythromycin.”
Six other trials did not find a significant differ-
ence between metronidazole alone and other
antibiotics such as doxycycline alone, oral neo-
mycin plus erythromycin,? metronidazole plus
nalidixic acid,” or gentamicin plus metronida-
zole."® Kling and co-workers™ found that a single
dose of metronidazole was significantly more
efficacious than a single dose of doxycycline
(p=0.02).

Incidence of SWI

Odds ratio
(95% CI fixed)

Odds ratio
[95% CI fixed]

Other
antibiotics

n/N

23/219 —1 1.00 [0.54, 1.86]
13/224 —_— 2.34[1.18,4.63]
8/66 -1 1.45 [0.55, 3.80]
2/37 —t— 1.64 [0.26, 10.46]
7/30 — 0.82 [0.24,2.81]
3/29 ———— 10.11 [2.44,41.93]

I T T 1
0.0l 0.1 I 10 100 (log scale)

Favours gentamicin  Favours other antibiotics

Table 14 shows the results from trials that investi-
gated the effect of adding metronidazole to other
antibiotics. Three trials found significant benefit

of additional metronidazole to neomycin,*” doxy-
cycline,” and cefotaxime.” The addition of metro-
nidazole to cefuroxime was beneficial but not statis-
tically significant in a small trial (p = 0.24).%® No
significant benefit was found when metronidazole
was used in addition to cefotetan,'”’ ceftriaxone,’!
latamoxef,'” and ceftizoxime.%

Mezlocillin

Mezlocillin is an acylureidopenicillin with in vitro
activity against a wide range of Gram-positive and
Gram-negative organisms, including anaerobes.

The efficacy of mezlocillin in preventing SWI

was investigated in 11 trials (Table 15). Three trials
compared mezlocillin alone with cefuroxime plus
metronidazole®**!* and one found a significant
difference in favour of cefuroxime plus metronida-
zole.”® The rate of SWI in the mezlocillin group
was not significantly different from that with
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TABLE 13 Metronidazole alone versus other antibiotics

Regimen and study Incidence of SWI Odds ratio Odds ratio
[reference] (95% CI fixed) [95% CI fixed]
Metronidazole Other
n/N antibiotics
n/N
(Metronidazole X 3) vs. (nheomycin + 8/78 4/55 R 1.46 [0.42,5.10]
erythromycin) X 3
Auger [21]
(Metronidazole X 3) vs. (cephazolin + 14/47 4/55 —_— 5.41 [1.64, 17.86]

neomycin + erythromycin) x 3
Khubchadani [76]

(Metronidazole % 10) vs. (ampicillin + 10/46 1/48 ——> 13.06 [1.60, 106.72]
metronidazole) X 10
Gottrup [56]

(Metronidazole X 3) vs. (netilmicin or 3/11 0/25 +———> 21.00 [0.98, 449.33]
cefuroxime + metronidazole) x 3
Haverkorn [63]

(Metronidazole X 1) vs. (nalidixic acid + 23/70 13/33 —T 0.75 [0.32, 1.78]
metronidazole) x |

Kling [79]

(Metronidazole x 4) vs. (fosfomycin + 6/23 0/26 > 19.69 [1.04, 372.06]

metronidazole) x 4
Lindhagen [86]

(Metronidazole x 1) vs. (ampicillin or 6/170 1/188 +——— 6.84[0.82,57.42]
doxycycline + metronidazole) X |

Roland [133]

(Metronidazole x 4) vs. (gentamicin + 520 4/21 —f— 1.42 [0.32,6.27]

metronidazole) x 4
Weidema [153]

(Metronidazole x 2) vs. (cefuroxime X 6) 8/35 1/36 ———— 10.37 [1.22,88.02]
+ (metronidazole X 2)
Claesson [35]

(Metronidazole X 1) vs. (cefuroxime + 7/33 3/27 1T 2.15[0.50,9.29]
metronidazole) X |
Mittermayer [101]

(Metronidazole X 1) vs. (cefuroxime + 10/40 6/40 —_— 1.89 [0.61,5.82]
metronidazole) x |
Cunliffe [39]
(Metronidazole x 8) vs. (doxycycline X 3) 21/81 16/76 -1 1.31 [0.62,2.76]
Aberg [13]
(Metronidazole x 1) vs. (doxycycline X |) 2/52 12/67 ——— 0.18 [0.04,0.86]
Kling [78]
T T T 1
0.01 0.1 | 10 100 (log scale)

Favours metronidazole Favours other antibiotics
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ticarcillin/clavulanic acid,”” cefotaxime,”
ceftizoxime,” latamoxef,”® and co-amoxiclav.!”

Latamoxef

Latamoxef (Moxalactam®, Shinogi, Japan), is a
cephalosporin-like beta-lactam antibiotic with a
broad spectrum of activity against gastrointestinal
pathogens including strains of Enterobacteriaceae and
B. fragilis that are resistant to older cephalosporins
such as cephazolin.

TABLE 14 Metronidazole as an additional antibiotic

Regimen and study

Incidence of SWI

Latamoxef alone was as efficacious as other
antibiotic regimens in the prevention of SWI

in colorectal surgery (Table 16). The antibiotic
regimens that were compared with latamoxef
alone included ciprofloxacin plus metronidazole™
cefuroxime plus metronidazole,”” gentamicin plus
metronidazole,” mezlocillin plus metronidazole,”
co-amoxiclav,'?® cephazolin,'” and cephazolin plus
metronidazole."*® Adding metronidazole to lata-
moxef was not found to be beneficial compared

Odds ratio Odds ratio

[reference] (95% ClI fixed) [95% CI fixed]
Additional Other
metronidazole antibiotics
n/N n/N
(Doxycycline + metronidazole) x | vs. 2/135 12/126 0.14 [0.03,0.65]
(doxycycline x I)
Bergman [26]
(Cefuroxime + metronidazole) x | vs. 0/30 3/32 0.14[0.01,2.79]
cefuroxime X |
Corman [38]
(Cefotaxime + metronidazole) X | vs. 19/287 44/280 — 0.38 [0.22,0.67]
(cefotaxime x 3)
Hakansson [59]
(Ceftizoxime x 2) + (metronidazole x I) vs. 7/89 9/85 — 0.72 [0.26,2.03]
(ceftizoxime X 2)
Hosie [66]
(Latamoxef x 2) + (metronidazole x |) vs. 13/56 11/53 — 1.15[0.47,2.86]
(latamoxef % 2)
Morris [105]
(Cefotetan x 2) + (metronidazole x 3) vs. 34/253 39/278 —d 0.95 [0.58, 1.56]
(cefotetan x 2)
Morton [107]
(Neomycin X 3) + (metronidazole X 3) vs. 0/31 837 «———— 0.06 [0.00, 1.00]
(neomycin x 3)
Jagelman [67]
(Ceftriaxone x |) + (metronidazole 7/90 8/94 e 0.91 [0.31,2.61]
suppository) vs. (ceftriaxone x )
Lumley [91]
(Cefotaxime x 4) + (metronidazole or 5/72 4/74 —f— 1.31 [0.34,5.07]
ornidazole x 2) vs. (cefotaxime X 4)
Favre [47]
T T T 1
0.0l 0.1 | 10 100 (log scale)

Favours with metronidazole

Favours without metronidazole
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TABLE 15 Mezlocillin versus other antibiotics

Regimen and study
[reference]

(Mezlocillin x 7) vs. (cefuroxime +
metronidazole) X 10
Cann [33]

(Mezlocillin x 3) vs. (cefuroxime +
metronidazole) X 3
Diamond [44]

(Mezlocillin % 1) vs. (cefuroxime +
metronidazole) X 3
Stubbs [143]

(Mezlocillin x 1) vs. (ticarcillin/clavulanic
acid x I)
Melbourne study [97]

(Mezlocillin x 1) vs. (cefotaxime X 1)
Mendel [98]

(Mezlocillin x 1) vs. (ceftizoxime X 1)
Mendel [98]

(Mezlocillin + metronidazole) X | vs.
(mezlocillin + metronidazole) x 7
Bittner [27]

(Mezlocillin X 3) vs. (co-amoxiclav X 3)
Menzies [100]

(Mezlocillin + metronidazole) X | vs.
(co-amoxiclav x )
Lohde [87]

(Mezlocillin + metronidazole) X | vs.
(mezlocillin + metronidazole) x 9
Mendel [98]

(Mezlocillin + metronidazole) X | vs.
(mezlocillin + metronidazole) x 3
Grundmann [58]

(Mezlocillin + metronidazole) X 9 vs.
(latamoxef % 1)
Mendel [98]

(Mezlocillin + oxacillin) x 3 vs.
(neomycin + bacitracin + clindamycin)
Schiessel [137]

Incidence of SWI

Mezlocillin
n/N

13/43

15/51

16/54

9/93

2/48

1/53

6/46

4/39

9/59

2/54

4/77

2/57

2/29

Other

antibiotics

n/N

6/52

10/53

14/56

9/85

3/52

2/47

3/44

4/30

6/52

1/46

4177

2/63

1/30

Odds ratio
(95% CI fixed)

I
0.0l

1 1
0.1 | 10

Favours mezlocillin

Odds ratio
[95% CI fixed]

3.32[1.14,9.70]

.79 [0.72, 4.47]

.26 [0.54,2.93]

0.90 [0.34, 2.40]

0.71 [0.11,4.44]

0.43 [0.04, 4.93]

2.05 [0.48,8.76]

0.74[0.17, 3.25]

.38 [0.46,4.18]

1.73 [0.15, 19.73]

1.00 [0.24,4.15]

.11 [0.15,8.14]

2.15 [0.18, 25.07]

1
100 (log scale)

Favours other antibiotics
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with latamoxef alone.'” In a trial that included
more than 100 patients in each treatment group,
it was found that the single dose of latamoxef was
as efficacious as multiple doses of latamoxef.*
Latamoxef plus metronidazole suppository was
more efficacious than oral tetracycline plus
metronidazole suppository.'*®

Neomycin plus erythromycin
Neomycin is an aminoglycoside, active against some
Gram-positive and many Gram-negative organisms.

TABLE 16 Latamoxef versus other antibiotics

Regimen and study

[reference]
Latamoxef

n/N

(Latamoxef x 1) vs. (ciprofloxacin + 1/57
metronidazole) X |
Gortz [55]

(Latamoxef x 3) vs. (neomycin + 5/64
metronidazole) X 3
Hinchey [65]

(Latamoxef x 1) vs. (cefuroxime + 32/121
metronidazole) X |

Kingston [77]

(Latamoxef % 3) vs. (gentamicin + 5/41
metronidazole) X 3
McCulloch [94]

(Latamoxef x 1) vs. (mezlocillin + 2/63
metronidazole) x 9
Mendel [98]

[All: (Neomycin + metronidazole)] 10/36
(Latamoxef x [) vs. (co-amoxiclav x |)
Playforth [123]

(Latamoxef x 3) vs. (cephazolin X 3) 1726
Plouffe [125]

(Latamoxef % 3) vs. (cephazolin + 3/60
metronidazole) X 3
Thomas [146]

[All: Metronidazole] (Latamoxef x ) 6/39
vs. tetracycline
Sauven [136]

(Latamoxef X 1) vs. (latamoxef x 8) 12/119

Hall [60]

(Latamoxef % 2) vs. (latamoxef x 2) 11/53
+ metronidazole
Morris [105]

Incidence of SWI

It cannot be absorbed from the gut. Erythromycin
has a similar but not identical antibacterial spec-
trum to that of penicillin, and it is active against
anaerobic organisms. Neomycin plus erythromycin
is often used orally (1 g of each) on the day before
surgery (1 p.m., 2 p.m., and 11 p.m.). This regimen
was compared with other antibiotic regimens in
nine trials (Table 17).

The overall rate of SWI was significantly higher in
the oral neomycin plus erythromycin group than

Odds ratio
(95% ClI fixed)

Odds ratio
[95% CI fixed]

Other
antibiotics

n/N
4/54 e 0.22 [0.02,2.06]
3/67 —_ 1.81 [0.41,7.09]

27/108 —— 1.08 [0.60, 1.95]
6/45 —_— 0.90 [0.25,3.22]
2/57 —_— 0.90 [0.12, 6.62]
15/56 —— 1.05 [0.41,2.69]
1/24 S Am— 0.92 [0.05, 15.58]
5/60 B E— 0.58 [0.13,2.54]
15/43 — 0.34 [0.12,0.99]
10/126 - 1.30 [0.54,3.13]
13/56 —t 0.87 [0.35,2.15]

I T T 1
0.0l 0.1 | 10 100 (log scale)

Favours latamoxef Favours other antibiotics
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that in the group of neomycin plus erythromycin
with additional antibiotics (overall odds ratio =
3.34; 95% CI: 1.66, 6.72) 83121138141 Weaver and
co-workers'™ found that oral neomycin plus
erythromycin was significantly less efficacious than
ceftriaxone plus metronidazole. In another trial,
no abdominal wound infection was observed in
patients receiving oral neomycin plus erythromycin
or ceftriaxone plus metronidazole.®

The difference was not statistically significant when
neomycin plus erythromycin was compared with
metronidazole,? cefoxitin alone,"* and erythromycin
plus metronidazole.*” Coppa and Eng™ found that
the rate of SWI was lower in patients receiving par-
enteral cefoxitin plus oral neomycin plus erythro-
mycin compared with cefoxitin alone, but the
difference was not statistically significant (p > 0.1).

Two trials compared oral neomycin plus erythromy-
cin with gentamicin plus metronidazole.*** One
found that oral neomycin plus erythromycin was
significantly less efficacious than gentamicin plus
metronidazole (p = 0.016),%® whereas the other
found a non-significant benefit of neomycin plus
erythromycin (p = 0.10).*® The former results are
likely to be more reliable, however, because of the
superior quality of the study.

Netilmicin

Netilmicin is an aminoglycoside. It is used in
serious Gram-negative infections that are resistant
to gentamicin.

Matikainen and Hiltunen” found that netilmicin
plus tinidazole was significantly less efficacious than
ceftriaxone plus tinidazole (Table 18). There was no
significant difference in the SWI rates when
netilmicin plus metronidazole was compared with
ticarcillin/ clavulanic acid,” doxycycline,” cefuro-
xime plus metronidazole,* and piperacillin.'”!

Piperacillin

It has been suggested that piperacillin has a broad
antibacterial spectrum covering both aerobic and
anaerobic bacteria.*® However, results of included
trials (Table 19) showed that piperacillin alone was
significantly less efficacious than piperacillin plus
metronidazole, cefuroxime plus metronidazole,'
and piperacillin plus oral ciprofloxacin.'** There
was no significant difference when piperacillin
was compared with cefotetan,* piperacillin plus
sulbactam,"* or netilmicin plus metronidazole.'™

Ticarcillin/clavulanic acid
Ticarcillin is active against Pseudomonas
aeruginosa, certain other Gram-negative bacilli

including Proteus spp. and B. fragilis. Clavulanic
acid inactivates penicillinase produced by
bacteria resistant to ticarcillin.

Ticarcillin/clavulanic acid (Timentin) was found to
be as efficacious as metronidazole plus netilmicin,*
cefotaxime,” and mezlocillin®? (Table 20). Ticarcillin/
clavulanic acid was more efficacious than oral tinida-
zole.®® A single dose of ticarcillin/clavulanic acid was
found to be as efficacious as two doses.*

Tinidazole

Tinidazole is similar to metronidazole in activity
but has a longer half-life and can therefore be
given less frequently.

Tinidazole alone was significantly less efficacious
than tinidazole plus doxycycline,'? and less effi-
cacious than ticarcillin® and ticarcillin/clavulanic
acid® (Table 21). Tinidazole plus doxycycline was
significantly better than doxycycline alone.” Tin-
idazole plus ceftriaxone was significantly more
efficacious than tinidazole plus netilmicin.”

Other antibiotics

Some agents were assessed in fewer than four trials
and almost all of these agents have already been
mentioned when they were compared with other
agents that were more frequently tested.

A single dose of cefamandole plus metronidazole
was as efficacious as a single dose of ceftriaxone
plus metronidazole.®” When parenteral cefaman-
dole was added to oral neomycin plus erythro-
mycin, no significant benefit was observed in

a small trial."™!

When all patients received oral neomycin plus
erythromycin, additional parenteral cefmetazole
was associated with a lower rate of SWI compared
with additional cefoxitin but the difference was
not statistically significant.*'%

Cefonicid in addition to oral neomycin plus erythro-
mycin was as efficacious as cefoxitin used in combi-
nation with oral neomycin plus erythromycin.*
Cefoperazone was as efficacious as cefotaxime.”
Multiple doses of cefotiam plus gentamicin was of
similar efficacy as a single dose of ceftriaxone.'
The difference between cephalothin and cefoxitin
was not statistically significant.” Cephradine plus
metronidazole was as effective as co-amoxiclav.'®

Three trials tested ciprofloxacin plus metronida-
zole. Ciprofloxacin plus metronidazole was as
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TABLE 17 Neomycin plus erythromycin

Regimen and study
[reference]

Neomycin +

Incidence of SWI

Other

Odds ratio
(95% CI fixed)

erythromycin antibiotics

n/N

(Neomycin + erythromycin) x 3 vs. 4/55
(metronidazole x 3)
Auger [21]

(Neomycin + erythromycin) x 3 vs. 2/45
(gentamicin + metronidazole) x 3
Figueras-Felip [48]

(Neomycin + erythromycin) x 3 vs. 14/62
(gentamicin + metronidazole) x |

Lau [83]

(Neomycin + erythromycin) x 3 vs. 3/44
(cefoxitin x 3)
Stellato [141]

(Neomycin + erythromycin) x 3 vs. 12/29
(ceftriaxone + metronidazole) X |

Weaver [152]

(Neomycin + erythromycin) x 3 vs. 1/27
(ceftriaxone + metronidazole) X |
Kling [80]

(Neomycin + erythromycin) x 3 vs. 7/61
(erythromycin x 3) + (metronidazole x 6)
Lewis [85]

(Neomycin + erythromycin) x 3 + 4/55
(cephazolin X 3) vs. (metronidazole x 3)
Khubchandani [76]

(Neomycin + erythromycin) x 3 + 3/65
(gentamicin + metronidazole) x | vs.

(gentamicin + metronidazole) x |

Lau [83]

(Neomycin + erythromycin) x 3 + 9/169
(cefoxitin % 5) vs. (cefoxitin X 6)

Coppa [37]

(Neomycin + erythromycin) x 3 + 6/50
(ampicillin % ) vs. (cefotaxime x 3)
Raahave [128]

(Neomycin + erythromycin) x 3 + 3/51
(cefoxitin x 3) vs. (cefoxitin x 3)
Stellato [141]

n/N

8/78

7/48

5/67

2/51

3/31

2/27

2/64

14/47

5/67

15/141

2/50

2/51

I T
0.0l 0.l

Favours neomycin +
erythromycin

T
| 10

Odds ratio
[95% CI fixed]

0.69 [0.20,2.40]

0.27 [0.05, 1.39]

3.62[1.22,10.74]

179 [0.29, 11.25]

6.59 [1.62,26.75]

0.48 [0.04, 5.64]

4.02 [0.80,20.17]

0.18 [0.06,0.61]

0.60 [0.14,2.62]

0.47 [0.20, 1.12]

3.27 [0.63, 17.07]

.53 [0.24,9.57]

1
100 (log scale)

Favours other antibiotics

continued
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TABLE 17 contd Neomycin plus erythromycin

Regimen and study Incidence of SWI Odds ratio Odds ratio
[reference] (95% CI fixed) [95% CI fixed]
Neomycin + Other
erythromycin antibiotics

n/N n/N
(Neomycin + erythromycin) X 3 vs. 14/62 3/65 —_ 6.03 [1.64,22.18]

(neomycin + erythromycin) x 3 +
(gentamicin + metronidazole) X |

Lau [83]

(Neomycin + erythromycin) X 3 vs. (heomycin + 1/36 0/34 2.92[0.11,74.06]
erythromycin) x 3 + (cefamandole X 4)

Petrelli [121]

(Neomycin + erythromycin) x 3 vs. 14/96 5/101 —_— 3.28[1.13,9.49]

(neomycin + erythromycin) x 3 + (cefoxitin X 3)
Schoetz [138]

(Neomycin + erythromycin) X 3 vs. 3/44 3/51 e 1.17 [0.22,6.12]
(neomycin + erythromycin) x 3 + (cefoxitin X 3)
Stellato [141]
[ I I ]
0.01 0.l | 10 100 (log scale)
Favours neomycin + Favours other antibiotics

erythromycin

TABLE 18 Netilmicin versus other antibiotics

Regimen and study Incidence of SWI Odds ratio Odds ratio
[reference] (95% CI fixed) [95% CI fixed]
Netilmicin Other
n/N antibiotics
n/N
(Netilmicin + metronidazole) X 3 vs. 5/46 3/46 1.75[0.39,7.79]
(ticarcillin/clavulanic acid x 1)
Blair [28]
(Netilmicin + metronidazole) X 3 vs. 4/50 5/50 0.78 [0.20, 3.10]
(doxycycline X 6)
Brolin [29]
(Netilmicin + metronidazole) X 3 vs. 0/12 0/13 Not estimable

(cefuroxime + metronidazole) x 3
Haverkorn [63]

(Netilmicin x 3) + (metronidazole x 2) vs. 13/105 17/108 0.76 [0.35, 1.65]
(piperacillin x 3)

Walker [I51]

(Netilmicin or tobramycin + tinidazole) x 38/313 8/315 — 5.30 [2.43, 11.56]

| vs. (ceftriaxone + tinidazole) X |
Matikainen [92]

[ I I 1
0.0l 0.1 I 10 100 (log scale)

Favours netilmicin Favours other antibiotics
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TABLE 19 Piperacillin versus other antibiotics

Regimen and study
[reference]

(Piperacillin x 3) vs. (cefotetan X 1)
Hershman [64]

(Piperacillin x 4) vs. (cefuroxime x 3) +
(metronidazole x 4)
Reynolds [131]

(Piperacillin x 3) vs. (netilmicin x 3) +
(metronidazole % 2)
Walker [151]

(Piperacillin x 4) vs. (piperacillin x 4) +
(metronidazole X 6) + (neomycin x 8)
Reynolds [131]

(Piperacillin x 1) vs. (piperacillin +
sulbactam) X |
Stewart [142]

(Piperacillin x 1) vs. (piperacillin x I) +
(ciprofloxacin X 2)
Taylor [144]

(Piperacillin x 1) vs. (cefoxitin x I)
Armengaud [18]

(Piperacillin x 1) vs. (piperacillin x 4)
Devecioglu [43]

TABLE 20 Ticarcillin/clavulanic acid

Regimen and study
[reference]

(Ticarcillin/clavulanic acid x 1) vs.
(netilmicin + metronidazole) x 3
Blair [28]

Incidence of SWI

Piperacillin
n/N

13/78

18/104

17/108

18/104

39/168

39/168

2/30

3/25

Incide

Ticarcillin/

Odds ratio
(95% CI fixed)

Odds ratio
[95% CI fixed]

clavulanic acid antibiotics

n/N

3/46

(Ticarcillin/clavulanic acid X 1) vs. (cefotaxime X 4) 0/11

Jones [72]

(Ticarcillin/clavulanic acid X 1) vs. (mezlocillin X 1) 9/85

Melbourne study [97]

(Ticarcillin/clavulanic acid X 2) vs. (tinidazole x |) 2/83

Melbourne study [96]

Other
antibiotics
n/N
14/75 0.87 [0.38,2.00]
8/119 — 2.90[1.21,7.00]
13/105 —— 1.32 [0.61,2.88]
9/107 —— 2.28[0.97,5.34]
32/158 o 1.19 [0.70,2.02]
18/159 e 2.37[1.29,4.35]
5/30 — 0.36 [0.06,2.01]
2/25 EE E 1.57 [0.24,10.30]
T T T 1
0.01 0.1 | 10 100 (log scale
Favours piperacillin Favours other antibiotics
nce of SWI Odds ratio Odds ratio
(95% Cl fixed) [95% CI fixed]
Other
n/N
5/46 — T 0.57 [0.13,2.55]
1/8 0.22 [0.01, 6.08]
9/93 1 I.11[0.42,2.93]
12/84 0.15 [0.03,0.68]
T T T 1
0.01 0.1 I 10 100 (log scale)

Favours ticarcillin/clavulanic acid

Favours other antibiotics
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TABLE 21 Tinidazole versus other antibiotics

Regimen and study

[reference]
Tinidazole

n/N
(Tinidazole x 1) vs. (ticarcillin X 2) 24/121
Melbourne study [95]
(Tinidazole x | vs. (ticarcillin/ 12/84
clavulanic acid x 2)
Melbourne study [96]
(Tinidazole x 1) vs. (metronidazole X 10) 0/50
Athanasiadis [20]
(Tinidazole X |) vs. (tinidazole + 14/135
doxycycline) x |
Norwegian study [112]
(Tinidazole + ceftriaxone) x | vs. 8/315
(tinidazole + netilmicin or tobramycin) x |
Matikainen [92]
(Tinidazole + doxycycline) X | vs. 3/116

(doxycycline x 1)
Gerner [52]

efficacious as latamoxef,”® cephazolin plus metro-
nidazole,'"* and gentamicin plus metronidazole.”

The difference was not significant when fosfomycin
plus metronidazole was compared with doxycycline
plus metronidazole'® or ampicillin plus metronida-
zole plus bacitracin plus neomycin.'"! Fosfomycin
plus metronidazole was significantly more effi-
cacious than metronidazole alone (p = 0.007).%

Imipenem plus cilastatin was as efficacious as
cefuroxime plus metronidazole.'”® Imipenem alone
was associated with a higher rate of SWI compared
with cefuroxime plus metronidazole, though the
difference was not statistically significant (p = 0.27).”

No statistically significant difference was found
when penicillin plus streptomycin or penicillin plus
metronidazole and tobramycin were compared with
cefotaxime® or cefoxitin.'"?

Additional antibiotics

Table 22 shows the results of trials that compared
aregimen with the same regimen plus other

Incidence of SWI

Odds ratio
(95% CI fixed)

Odds ratio
[95% CI fixed]

Other
antibiotics

n/N

10/125 —_— 2.85[1.30, 6.24]
2/83 ——=——  6.75[1.46,31.18]
2/50 0.19 [0.01,4.10]
4/132 — 3.70 [1.19, 11.56]
38/313 —— 0.19 [0.09,0.41]
10/107 —_— 0.26 [0.07,0.96]

[ I I 1
0.01 0.1 | 10 100 (log scale)

Favours tinidazole  Favours other antibiotics

antibiotic agents (excluding trials that have

been included in Tables 13 and 14). It appears
that piperacillin alone was less efficacious than
piperacillin plus oral ciprofloxacin,'** or plus
oral neomycin and metronidazole.'® Doxycycline
alone was less effective than doxycycline plus
metronidazole,? or tinidazole.?® Tinidazole
alone was less efficacious than tinidazole

plus doxycycline.'?

Oral neomycin plus erythromycin was

similarly efficacious with or without the addi-
tion of cefoxitin.'*! Cefotaxime alone was as
efficacious as cefotaxime plus topical ampi-
cillin."® The addition of metronidazole to
cefotaxime was found to be beneficial®

(Table 14). Cefoxitin alone was as effective

as cefoxitin plus oral neomycin and erythro-
mycin.*”'*! However, in a small trial cefoxitin
alone was more effective than cefoxitin plus
oral tinidazole, though the difference was not
significant (p = 0.12)."%° The outcome was not
significantly improved when additional anti-
biotics were added to cefotetan,'”” ceftriaxone,’!
ceftizoxime,% gentamicin plus metronidazole,”
and latamoxef.'®
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TABLE 22 Additional antibiotics*

Regimen and study Incidence of SWI Odds ratio Odds ratio
[reference] Additional No additional (95% Cl fixed) [95% CI fixed]

antibiotics  antibiotics
n/N n/N

(Cefoxitin x 3) vs. (cefoxitin x 3) + 4/41 039 ———— 0.11 [0.01,2.03]
(tinidazole x 1) + (neomycin x 3)
Peruzzo [120]

(Neomycin + erythromycin) X 3 vs. 3/51 3/44 T 1.17 [0.22,6.12]
(neomycin + erythromycin + cefotaxime) X 3
Stellato [141]

(Cefoxitin x 3) vs. (cefoxitin + neomycin + 3/51 2/51 A 0.65 [0.10,4.08]
erythromycin) x 3
Stellato [141]

(Cefotaxime x 3) vs. (cefotaxime x 3) + (ampicillin x [) ~ 5/81 6/89 — 1.10[0.32,3.75]
Raahave [129]

(Piperacillin x 1) vs. (piperacillin + sulbactam) x | 32/158 39/168 T 1.19[0.70,2.02]
Stewart [142]

(Gentamicin + metronidazole) X | vs. 15/64 18/65 BE 1.25[0.57,2.77]
(gentamicin + metronidazole + cefotetan)
Greig [57]

(Cefotetan x 1) vs. (cefotetan x 1) + (thymostimulin x 7)  56/425 72/434 T 1.31 [0.90, 1.91]
Periti [118]

(Cefoxitin x 5) vs. (cefoxitin X 5) + (neomycin + 9/169 15/141 T™ 2.1210.90, 5.00]
erythromycin) X 3
Coppa [37]
(Piperacillin x 4) vs. (piperacillin x 4) + 9/107 18/104 I 2.28[0.97,5.34]
(metronidazole X 6) + (neomycin x 8)
Reynolds [131]

(Piperacillin x 1) vs. (piperacillin X 1) + 18/159 39/168 ™ 2.37 [1.29,4.35]
(ciprofloxacin X 2)
Taylor [144]
(Neomycin + erythromycin) X 3 vs. (metronidazole 3/65 14/62 —_— 6.03 [1.64,22.18]
+ gentamicin) X | + (neomycin + erythromycin) X 3
Lau [83]

(Metronidazole + gentamicin) X | vs. (metronidazole 3/65 5/67 B 1.67 [0.38,7.28]
+ gentamicin) X | + (neomycin + erythromycin) X 3
Lau [83]

(Neomycin + erythromycin) X 3 vs. 5/101 14/96 —— 3.28[1.13,9.49]

(neomycin + erythromycin + cefoxitin) X 3
Schoetz [138]

(Tinidazole x 1) vs. (tinidazole + doxycycline) x | 4/132 14/135 — 3.70 [I.19, 11.56]
Norwegian study [ 12]

(Doxycycline x 1) vs. (doxycycline + tinidazole) x | 3/116 10/107 T 3.88[1.04, 14.51]
Gerner [52]

(Neomycin + erythromycin) X 3 vs. (neomycin + 0/34 1/36 1 2.92 [0.11,74.06]
erythromycin) x 3 + (cefamandole X 4)
Petrelli [121]

[ I I 1
0.001 0.02 | 50 1000 (log scale)

Favours no additional Favours additional

" Excluding metronidazole
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Single-dose versus multiple-dose
regimens

Seventeen trials compared a single-dose regimen
with a multiple-dose regimen (two or more doses)
using the same antibiotic or the same combination
of antibiotics (Table 23). None of these trials found
a significant difference in postoperative SWI
between single-dose and multiple-dose regimens.
The antibiotics that were investigated in these trials
were cefoxitin,”®! cefuroxime plus metronida-
zole,"* metronidazole,* ampicillin plus metronida-
zole,*>" co-amoxiclav,?® latamoxef,®° mezlocillin
plus metronidazole,***% ticarcillin/ clavulanic
acid,* cefotaxime plus metronidazole,® gentamicin
plus ornidazole,'™* piperacillin plus tinidazole,'*
doxycycline,* and cefotaxime.®™ When the results
from these 17 trials were pooled, there was no
significant difference between the single- and
multiple-dose groups (10.6% versus 9.7%;

odds ratio = 1.17; 95% CI: 0.89, 1.54).

Timing and duration of treatment

The duration of operation and the half-life of an
antibiotic may be related to the effectiveness of a
single dose or short-term use of antibiotic prophy-
laxis. It was claimed that an extended duration of
operation is associated with a higher rate of SWIL.'%
Several trials that compared a single dose with
multiple doses reported the duration of operation.
The average duration of operation was 92 minutes
in the trial by Carr and co-workers,* 135 minutes
in Cuthbertson’s trial* and 116 minutes (range:
20-270) in Wenzel’s trial."* In the trial by Jensen
and co-workers, the proportion of patients whose
operation lasted longer than 180 minutes was
29%.% It was also found that the rate of SWI was
similar in patients whose operations lasted less
than 3 hours and in those whose operations were
longer than 3 hours’ duration.”

Other outcomes

The results of deep wound infections, remote
infections (such as urinary tract infection, respir-
atory tract infection) and mortality, if reported, are
also presented in appendix 3. However, these results
have not been reported consistently across trials and
therefore their reliability may suffer from the
potential reporting and detection bias.

Mortality
The rate of total mortality ranged from 0% to
16.4% according to the results reported in 42 trials.

The rate of total mortality ranged from 0% to
16.4% according to the results reported in 42 trials.
This gives an average death rate of 4.1%. However,
this is likely to be an overestimation of the average
death rate for all patients undergoing colorectal
surgery because of reporting bias (i.e. trials that
involve deaths are more likely to report mortality
data than those in which no deaths occur).

With the exception of two trials,”"'*® no significant
difference was found in the number of deaths
between different antibiotic groups. Both elective
and emergency colorectal surgery were included in
the trial by Lumley and co-workers.”" There were
five deaths in the cephazolin group and no deaths
in the two ceftriaxone groups. However, more
patients underwent emergency operations in the
cephazolin group (12% versus 5%) and there were
also more surgical wounds that were classified as
contaminated or dirty (31% versus 21%) in this
group. In addition, all five deaths were infection
related but not because of wound infection. Zuber
and co-workers'® recorded five deaths in the
cephazolin group (n = 50) and no deaths in the
cephazolin plus ornidazole group (n = 50). (This
paper was in German and details related to cause
of death were not explored.)

Intraabdominal abscess

Results of intraabdominal abscesses were available
from 46 trials. The average rate of intraabdominal
abscess in these 46 trials was about 3% and no
statistically significant difference was observed
between the different antibiotic groups.

Respiratory and urinary tract infection
The average rate of reported respiratory
infection after colorectal surgery was 5.4%,
according to 37 trials. Among these, several
found significant differences between the
antibiotic groups,'8:55:91:9%106.118

Thirty-nine trials reported the results of urinary
tract infection after colorectal surgery. The average
rate was 9.9% and seven of these trials found
statistically significant differences.?”7880:91.96.98.115

Adverse events

Among 134 trials that were published in English,

74 (55%) measured and reported results of adverse
events after antibiotic prophylaxis in colorectal
surgery. This proportion was 58%, 56% and 45%
during 1984-87, 1988-91 and 1992-95, respec-
tively. Patients with a history of drug allergy were
not included in the trials. Skin rash, diarrhoea, and
nausea were commonly reported adverse events that
may be attributable to the antibiotic agents used.
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TABLE 23 Single versus multiple doses of antibiotic

Incidence of SWI

Regimen and study
[reference]

(Cefoxitin X 1) vs. (cefoxitin X 3)
Kow [81]

(Cefoxitin X 1) vs. (cefoxitin x 4)
Corman [38]

(Cefotaxime X 1) vs. (cefotaxime x 3)
Lohr [88]

(Co-amoxiclav x 1) vs. (co-amoxiclav x 3)
Bates [23]

(Ticarcillin/clavulanic acid x I) vs.
(ticarcillin/clavulanic acid x 2)
Cuthbertson [40]

(Latamoxef x I) vs. (latamoxef x 8)
Hall [60]

(Ampicillin + metronidazole) X | vs.
(ampicillin + metronidazole) x 3
Jensen [69]

(Ampicillin + metronidazole) X | vs.
(ampicillin + metronidazole) x 3
Jensen [69]

(Ampicillin + metronidazole) X | vs.
(ampicillin + metronidazole) x 4

Juul [74]

(Cefotaxime + metronidazole) x | vs.
(cefotaxime + metronidazole) x 3
Kow [81]

(Mezlocillin + metronidazole) x | vs.
(mezlocillin + metronidazole) x 3
Grundmann [58]

(Mezlocillin + metronidazole) X | vs.
(mezlocillin + metronidazole) x 7
Bittner [27]

(Mezlocillin + metronidazole) X | vs.
(mezlocillin + metronidazole) x 9
Mendel [98]

(Cefuroxime + metronidazole) x | vs.
(cefuroxime + metronidazole) X 3
Aberg [14]

(Metronidazole x |) vs. (metronidazole x 2—4)
Carr [34]

(Doxycycline x ) vs. (doxycycline x 4)
Goransson [54]

(Gentamicin + ornidazole) X | vs.

(gentamicin + ornidazole) x 4
Wenzel [154]

(Piperacillin + tinidazole) x | vs.
(piperacillin x 4) + (tinidazole X 3)
Tuchmann [148]

Single
n/N

10/73

2/31

4/30
23/113

16/146

12/119

6/11

8/89

9/149

7/84

4/77

6/46

2/54

2/19

7/22
1/53

6/30

4/61

Other
antibiotics
n/N

8/81

0/27

3/30

17/111

17/132

10/126

4/12

8/92

8/145

9/81

4177

3/44

1/46

1729

11/68

2/49

10/30

5/63

Odds ratio
(95% CI fixed)

I
0.01

Favours single

1 1
0.1 I 10

Odds ratio
[95% CI fixed]

|45 [0.54, 3.89]
4.66 [0.21,101.47]
.38 [0.28, 6.80]
1.41 [0.71,2.82]

0.83 [0.40, 1.72]

.30 [0.54,3.13]

2.40 [0.44, 12.98]

.04 [0.37,2.89]

1.10 [0.41,2.94]

0.73 [0.26,2.05]

.00 [0.24,4.15]

2.05 [0.48, 8.76]

1.73 [0.15, 19.73]

3.29 [0.28,39.14]

2.42 [0.80,7.30]
0.45 [0.04, 5.15]

0.50 [0.15, 1.62]

0.81 [0.21,3.19]

1
100 (log scale)

Favours multiple
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No serious toxicity or adverse events were reported
except in the trial by Morris and co-workers.'*
Morris observed postoperative bleeding in 12 of the
97 patients treated with latamoxef. The trial was
discontinued, and the investigators concluded that
even short-term treatment with latamoxef could not
be advised.!® These results were not confirmed,
however, by other trials that compared latamoxef
with tetracycline,"® cephazolin,'® cephazolin plus
metronidazole,'*® co-amoxiclav,'* gentamicin plus
metronidazole,” cefuroxime plus metronidazole,”
and ciprofloxacin,” where no excessive bleeding
was observed.

Cost and cost-effectiveness

Among the trials reviewed, 18 included some
quantitative cost information. The proportion

of trials that reported quantitative cost information
was 10% for those published during 1984-91, and
26% for trials published during 1992-95. The cost
information reported in these trials should be
interpreted with caution because of small sample
sizes, incomplete measures of cost and benefit,
and data from many different countries in differ-
ent years. (Equivalent costs in £ sterling are calcu-
lated from the average exchange rate for the year
of publication, according to the financial statistics
from the Office for National Statistics.) Only three
UK studies reported cost information. %1214

Cost of surgical wound infection

A study has reported that superficial SWI prolonged
hospital stay by an average of 12.6 days."”® Another
study estimated that on average the hospital stay was
12 days longer for patients with wound infection or
suture line leak, and the treatment cost increased
by about US $2000 (£1120).% A study in Scotland
found that the median cost to the hospital of a
wound infection after colorectal surgery in 1990 was
£978 (95% CI: £484.04-£1521.22), including £858
hotel costs, £83.02 dressing costs, and £37.02 drug
costs.'™ In another Scottish study, Taylor and co-
workers'** estimated that the financial consequence
was £1000-1300 for each infected patient (accord-
ing to an estimate of 8.8 more days of hospital stay
for each patient with SWI, and the cost of £120-150
for each hospital bed per day).

In a study where more than 300 patients were
included and more than 24 patients developed
postoperative wound infection, it was estimated
that each wound infection cost about US $8400
(£4720) per patient, while the total cost of
parenteral antibiotic use for the entire study
was about US $14,880 (£8361).%

Monotherapy

Three trials compared the efficacy and cost

of monotherapy with combination therapy. One
trial concluded that the monotherapy regimen
(ampicillin/sulbactam, HK $10.11 [£0.85]) was
cheaper than the combination of cephalosporins
and metronidazole in Hong Kong." Another found
that the efficacy of co-amoxiclav was comparable
with cefotaxime plus metronidazole, while mono-
therapy of co-amoxiclav (three doses) was cheaper,
simpler and easier to administer than cefotaxime
plus metronidazole (three doses) (US $14.70 versus
US $25.80 [£9.79 versus £17.18]).%% A third trial
concluded that monotherapy with co-amoxiclav was
effective and cheaper than the combination of
cefuroxime plus metronidazole (£8.10 versus
£24.91) in abdominal surgery.''® However, this
conclusion was based on the results of all patients
with abdominal surgery. When only colorectal
surgery was considered, the SWI was significantly
higher in the co-amoxiclav group than in the
cefuroxime plus metronidazole group (11.6%
versus 2.5%), and therefore the reduction in
comparative efficacy will have a direct effect on
cost-effectiveness data.

Single dose or short-term use

Costs of single dose or short-term use were
compared with those of multiple doses or long-
term use of antimicrobial prophylaxis in four

trials. Jones and Wojeski”' concluded that over

US $200,000 (£122,000) could be saved in their
hospital if single-dose cefotaxime prophylaxis was
used rather than multiple-dose cephazolin or
cefoxitin. Becker and Alexander* compared
cefoxitin for 5 days with cefoxitin for 16 hours. The
cost of the two regimens was US $586 and US $66
(£328 and £37), respectively, and no SWI was
reported in either group. Corman and co-workers™
compared single-dose cefuroxime plus metronida-
zole with single-dose cefuroxime alone, four-dose
cefoxitin, and single-dose cefoxitin. There were no
SWIs in the cefuroxime plus metronidazole group
or the four-dose cefoxitin group. It was reported
that the costs of these two regimens were US $30
and US $68 (£20 and £45), respectively. Single-dose
cefoxitin or single-dose cefotaxime plus metronida-
zole were compared with a three-dose regimen of
the same antibiotics by Kow and co-workers.*! They
concluded that the single-dose regimen was asso-
ciated with significant cost savings, particularly if
the combination of cefotaxime plus metronidazole
was used.

Less expensive drugs
The rates of SWI after two regimens of prophylactic
latamoxef plus metronidazole and co-amoxiclav
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plus metronidazole have been found to be com-
parable, but the cost of co-amoxiclav (£2.62 for

1.2 g) was lower than that of latamoxef (£6.11 for

1 g)."* The cost of ceftriaxone was higher than
cefamandole (AUS $22.78 versus AUS $8.22 per
dose [£10.04 versus £3.62]), but they resulted in
similar SWI rates.® In a trial in which amikacin plus
metronidazole started just before surgery for 48
hours (seven doses) was compared with ceftriaxone
plus ornidazole (three doses) for 48 hours, the
efficacies and costs were similar.'*

More efficacious regimens

Gomez-Alonso and co-workers®® found that,
compared with a control group, prophylactic
gentamicin plus metronidazole resulted in a lower
SWI rate and saved US $406 (£304) per patient.
Two trials observed that more expensive regimens
may be associated with a lower total cost of

treatment because of improved efficacy. One trial
compared ten doses of gentamicin plus lincomycin
(US $24.7, £19.04), gentamicin plus clindamycin
(US $51.6, £39.77) and gentamicin plus metronida-
zole (US $117.7, £90.71).% Although gentamicin
plus metronidazole was the most expensive regi-
men, it was associated with the lowest postoperative
wound infection rate and the lowest total hospital
cost (US $1587.7, £1223.57), compared with
gentamicin plus lincomycin (US $1629.7, £1255.93)
and gentamicin plus clindamycin (US $1611.6,
£1241.99). A study in Scotland compared piper-
acillin alone (one dose) with piperacillin (one
dose) plus oral ciprofloxacin (two doses).'** Higher
SWI rates in the piperacillin group (23.2% versus
11.3%) resulted in patients remaining in hospital
on average 2.7 days more than patients in the com-
bination group. The addition of oral ciprofloxacin
reduced the overall cost of hospital treatment.'**
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Chapter 4

Discussion

Risk factors

The occurrence of SWI depends on two necessary
conditions: contamination of the wound by patho-
genic bacteria, and a defective host resistance to
infection." All factors associated with bacterial
contamination and patient’s resistance will also

be associated with the risk of SWI (see Box).

Determinants of SWI in colorectal surgery

Colorectal surgery
<«— Type of operation

~<«— Bowel preparation

<«— Surgical techniques

Volume and
virulence of
contaminated bacteria

~<&— Natural systemic resistance
~<&— Natural local resistance

~<&— Prophylactic antibiotics

SWI

Colorectal surgery is classified as clean-
contaminated or contaminated, depending on

the type of operation. For example, the risk of
contamination may be higher for rectal resections
(abdominal-perineal operations) than other types
of colorectal surgery.'® Measures should be taken
to reduce the exogenous and endogenous con-
tamination of the surgical wound by pathogenic
bacteria. Because a large volume of bacterial flora
is contained in the large bowel, mechanical cleans-
ing is often used to reduce the contents of the
colon before the operation. Seventy-eight per cent
of included trials (105 of 134 trials published in
English) stated that preoperative bowel prepar-
ations was carried out, though this does not neces-
sarily mean that mechanical cleansing was not
performed in the remaining 29 trials.

Itis clear that mechanical cleansing alone is
insufficient in preventing bacterial contamination of

the wound because it is very difficult (if not
impossible) for this to be complete. Patient’s natural
resistance (systemic and local) is essential to prevent
contaminated wounds becoming infected. The risk
of SWI increases if patient’s resistance is compro-
mised because of, for example, radiotherapy,
corticotherapy, chemotherapy, previous transplant-
ation, diabetes, old age, obesity or weight loss.” In
addition, patient’s local resistance may be impaired
because of ischaemia at the operation site.'™

National Nosocomial Infection Surveillance
(NNIS) is a risk index that can be used to estimate
the risk of developing SWL." It includes three
risk factors:

® a patient having an American Society of
Anesthesiologists (ASA) preoperative assessment
score of 3, 4, or 5; (the ASA score is a measure
of patient’s general condition; it ranges from 1,
when a patient is normally healthy, to 5, when
a patient is very likely to die within 24 hours)

® an operation classified as either contaminated
or dirty-infected

* an operation of more than T”% hours’ duration,
where T™% depends on the operative procedure
being performed. T™% is 3 hours in colon
surgery because the 75th percentile of the
distribution for duration of colon surgery
was found to be 3 hours.

For patients undergoing surgery of the colon, it was
found that the rate of SWI was 3.2%, 8.5%, 16.1%,
and 22.2% for those with 0, 1, 2, and 3 risk factors,
respectively.”” Therefore, patients who undergo
colorectal surgery may have different underlying
risks of postoperative wound infection because of
differences in patient characteristics, diagnoses,
and level of complexity of the operations.

As wound contamination by pathogenic bacteria

is often inevitable and host resistance is often
defective, the use of antibiotic prophylaxis becomes
important in preventing infection following color-
ectal surgery. In 1981, Baum and co-workers® con-
cluded that no-antibiotic controls should not be
considered in further trials of colorectal surgery.
However, three trials that included no-antibiotic
controls were published in 1984 and one in
1985.5356137.150 Ty these four trials, the SWI rate
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ranged from 32% to 58% in the no-antibiotic
groups, considerably higher than that in the
antibiotic prophylaxis groups (Table 2).

In the trials included in this review, some factors
were identified as being associated with an increas-
ed risk of SWI following colorectal surgery, such as
duration of operation, obesity, the presence of
drains, left-sided colonic resection, and inflam-
matory bowel disease. Two trials reported that the
surgeon’s experience might be a significant pre-
dictor of postoperative wound infection.**%?
Perioperative blood transfusion was also found to
be associated with an increased risk of SWI in two
trials.®*'** However, a reliable analysis of risk factors
is impossible because potential risk factors were
inconsistently measured and findings might have
been selectively reported in the trials.

Methodological limitations of
the studies

Evans and Pollock'® used a score system to

assess the quality of published RCTs (1979-86) of
antibacterial prophylaxis in colorectal surgery. The
score system included design and conduct, analysis,
and presentation. They found that only 23% of the
trials reached a score of more than 70 (maximum
score 100). The most frequent error in design was a
faulty method of randomisation (36%). They also
observed that 80% (45/56) of the papers did not
report the fate of withdrawals. In 32 ‘negative’ trials
only two considered the Type-II error. They found
no evidence of improvement in the quality
standard of these reports over the 7 years.'®!

In the present review, internal validity was the
main concern. The quality of included studies

was assessed using a checklist which includes study
components such as design and analysis. An overall
score is not calculated because different scales

may result in important difference in quality
assessment and none has been developed

with sufficient rigour.'®

Patient allocation

Empirical evidence has shown that an inappro-
priate method of patient allocation is related to
biased estimation of relative efficacy of healthcare
interventions.'®!%* In order to avoid the selection
bias, patients should be allocated to each group
randomly and the procedure should be concealed
until allocation (true randomisation).!* The appro-
priateness of the method of randomisation used
was judged to be uncertain in about 63% of the
included trials. Though many trials reported no

significant difference in patients’ characteristics
and operation procedures between intervention
groups, the potential selection bias is still possible
when the patient assignment is not appropriate.

Follow-up and withdrawals

Incisional SWI is defined as an infection that
occurs at an incision site within 30 days of
surgery.'® A considerable number of SWIs may
be detected after discharge from the hospital.'®
Patients were usually followed up for 4 weeks

or longer in many trials. In some trials, only
infections occurring during hospital stay were
recorded. About 30% of the trials did not report
the duration of follow-up. The observed variation
in the rate of SWI may be partially due to the
different length of follow-up between the trials.

Patients may withdraw or be excluded from
evaluation after randomisation for various reasons,
for example, protocol violation, cancellation of
scheduled surgery, or death within 48 hours of
surgery. The withdrawal rate ranged from 0% to
42% in those trials that reported the number of
withdrawals. About 23% of the trials did not record
withdrawals. If withdrawals from the trial are non-
random, and there are systematic differences
between the groups, the different groups in a trial
may no longer be comparable and attrition bias
may be introduced. Intention-to-treat analysis is a
method of including all participants in an analysis
according to their initially assigned intervention
group, regardless of whether or not they are with-
drawn, fully comply with treatment, or cross over
and receive the alternative treatment. However, the
clinical outcome of participants who withdrew was
not available for many trials. In the present review,
the rate of SWI was calculated by using number

of patients for whom SWI outcomes were evaluated.

Definition of surgical wound infection

A written definition of SWI was available in 79% of
the included trials. SWI can be classified differently,
for example, primary versus secondary, superficial
versus deep, minor versus major, and early versus
late. The SWI was defined in most cases as “the
presence of purulent discharge” in the surgical
wound, with or without positive bacteriological
evidence. Swelling and reddening at the wound
site and temperature exceeding 38 °C were also
included as criteria for SWL.'** If possible, we
used abdominal wound infection as a principal
outcome measure to compare efficacy of antibiotic
prophylaxis. However, in some trials, it was not
clear whether the wound infection included
perineal wound infection or deep intraabdominal
infections. As the main concern is the internal
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validity, the differences in the definition of SWI
across trials may have little impact on the evalu-
ation of relative efficacy within trials. However,
detection bias may occur when the diagnosis
criteria are less objective, such as swelling or
reddening of surgical wound. In the diagnosis
of SWI, blind assessment of the outcome is a
method to avoid detection bias. Only 40% of
the included trials assessed outcome blindly.

Magnitude of relative efficacy and
sample size

The majority of included trials compared different
regimens of antibiotic prophylaxis. The difference
in the mortality rate is generally expected to be
very small. Therefore, SWI is used as the principal
outcome measure in the review. Even when SWI

is measured as the main outcome, the difference
between comparison groups is still small, or
moderate in most cases. A meta-analysis concluded
that “comparisons of new therapies with standard
therapies will become prohibitively expensive
because of the large number of patients required”.®
Thus, it is not surprising to find that about 80%

of the trials that compared different regimens

did not find a statistically significant difference
between groups.

When no significant difference was found, it may
be because both regimens being compared were
similarly effective. However, another reason for
non-significant findings may be the low power due
to inadequate sample size, particularly when the
difference between antibiotics is small or moderate.
Suppose the rate of SWI can be lowered by a
regimen of antibiotic prophylaxis from 10% to 5%,
to detect such a difference at the 5% significance
level and 80% power, more than 400 patients are
required in each group.'”” Such a large number of
patients was unusual in the trials included. Eighty-
two per cent of the trials had not undertaken an

a priori calculation of required sample size. It is
encouraging that the sample sizes of studies pub-
lished more recently (1992-95) are larger than
studies published previously (1984-87). The num-
ber of patients included in each group was on aver-
age 51, 77 and 124 for the trials published during
1984-87, 1988-91, and 1992-95, respectively.

The increase in the number of patients in the
clinical trials does not correspond with an increase
in the number of trials that found significant differ-
ence. The proportion of trials finding significant
difference in SWI was 20.6%, 18.0%, and 17.4%

for trials published during 1984-87, 1988-91, and
1992-95, respectively. This may also be because
inadequate antibiotic regimens were tested more

frequently in the earlier trials but were excluded
from recent trials.

Inadequate direct comparison

More than 70 different regimens of antibiotic
prophylaxis were compared in 147 trials (excluding
different doses or duration of treatment or anti-
biotic combinations). Only a limited number of
regimens were compared directly and each com-
parison was evaluated by a limited number of trials,
in which the sample size was often too small to have
sufficient statistical power (see appendix 4). The
quantitative pooling of results from individual
studies was not appropriate in most cases because
of the diverse regimens used.

Publication and related bias

The majority of the included trials reported results
which showed no statistically significant difference
between the groups. Therefore, the risk that treat-
ment effects have been over-estimated due to
publication bias seems to be remote. It is not clear
whether bias exists due to unrepresentative
inclusion of non-English language publications.

Generalisability of results from

included trials

It may not be possible to generalise the results from
RCTs if the trials’ participants were different from
patients seen in the ordinary practice. The criteria
for inclusion and exclusion were described in 87%
of the trials reviewed here. The exclusion criteria
most frequently used were allergy to study drugs,
preoperative use of other antibiotics, impaired
renal or liver function, children or very old
patients, pregnancy or lactation, and certain types
of colorectal operations. Lack of informed consent
may be an important reason for exclusion but

only a few trials stated this explicitly.®*®*%7# Data
reported in the trials were insufficient for a reliable
comparison between trial participants and patients
who were excluded.

Timing and duration

According to the definition of prophylaxis,
antimicrobial agents should be administered
before the onset of SWI. Once the infection
occurs antibiotic administration should be
considered as therapeutic, rather than prophy-
lactic, for wound infection. Bartlett and Burton'?
classified the timing of the antibiotic treatment
into three categories:

e preoperative regimens, in which antibiotics are
given before the day of surgery
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e perioperative regimens, in which antibiotics are
given before or during the surgical procedure

e postoperative regimens, in which antibiotics are
given after surgery.

A different approach was used by Classen and co-
workers'® to define the timing of prophylactic
administration of antibiotics. It was defined as:

e early, if prophylactic antibiotics were
administered 2-24 hours before the
surgical incision

* preoperative, if administered 2 hours before
the incision

e perioperative, if administered within 3 hours
after the incision

¢ postoperative, if administered 3-24 hours
after the incision.

In order to be effective against postoperative wound
infection, it is crucial that the concentration of anti-
biotics in the tissue surrounding the surgical wound
should be sufficient at the time of bacterial contam-
ination. Therefore, prophylactic antibiotics should
be administered 2 hours before surgery.'® However,
it is not clear for how long antibiotics should be
given after the operation. In some trials, antibiotic
prophylaxis was used for several days after the oper-
ation. It has been argued that antibiotic prophylaxis
should only be used as short-term treatment, in
order to reduce toxicity, costs and the possibility

of developing bacteria resistance.'®

Seventeen trials compared a single-dose regimen
with a multiple-dose regimen. None of these trials
found a significant difference in postoperative SWI
rate between the two regimens. Because the single
dose of antibiotics is as efficacious as a multiple-
dose regimen, the use of single dose or short-term
antibiotics (e.g. less than 24 hours) is justified in
the prevention of SWI in colorectal surgery.

Several trials reported the duration of operation.
These trials did not provide any convincing evi-
dence of the relation between the efficacy of single-
dose regimens and the duration of operation. How-
ever, it has been recommended that a second dose
is needed if the operation is over 2 hours’ duration,
particularly if the half-life of the antibiotic is
short."**7 Due to a lack of convincing evidence,
clinicians need to consider other factors such as
perioperative blood loss to decide whether a
second-dose regimen is required.

When an antibiotic is administered more than a
day before the operation, the tissue concentration
of the antibiotic agent may not be adequate during

the operation. For example, oral neomycin plus
erythromycin is given from 9-20 hours before the
operation. The main aim is to reduce the risk of
bacterial contamination of the surgical wound by
reducing the bacteria in the large bowel prior to
surgery. Some trials showed that oral neomycin
and erythromycin on the day before the surgery is
effective at reducing SWI, but may not be sufficient
on its own. Further lowering of the rate of SWI may
be achieved by adding parenteral antibiotics
immediately before surgery.®*'%®

Inadequate antibiotic regimens

Some regimens appear to be poor at preventing
SWI in colorectal surgery because of inadequate
antimicrobial coverage, or inappropriate timing
and dosing. Due to the divergent (polymicrobial)
nature of the micro-organisms that are potentially
responsible for infection following colorectal
surgery, the antibiotics used should be of broad-
spectrum activity and active against both aerobic
and anaerobic bacteria. Metronidazole is active
against anaerobic bacteria but inadequate against
aerobic bacteria and should therefore be combined
with other antibiotics. The following regimens were
also shown to be inadequate in some trials:
neomycin alone,” gentamicin alone,* doxycycline
alone,?**? cefotaxime alone,* tinidazole
alone,”™ "2 and piperacillin alone.'*"'**

In the overview by Baum and co-workers,’ the

SWI rate after colorectal surgery in patients who
received antibiotic prophylaxis was, on average,
22% in 26 trials published between 1965 and 1980.
In another review by Bartlett and Burton,'? the
overall rate of SWI in colorectal surgery with anti-
biotic prophylaxis was 18% according to 23 trials
published between 1960 and 1980. In our review,
the overall rate of SWI in antibiotic groups was
11%, which is lower than rates reported previously.
This difference may be due to different definitions
of SWI, different methods of bowel preparation in
trials, variation in patient selection, different length
of follow-up, or different intensity of surveillance. It
may also be due to a more effective or appropriate
use of antibiotic prophylaxis in trials published
more recently.

In Baum’s review, the antibiotics that were used
included metronidazole, gentamicin, cephalothin,
doxycycline, and neomycin plus erythromycin.® In
Bartlett and Burton’s review, the trials used a wider
range of antibiotics including neomycin, kanamy-
cin, erythromycin, penicillin, gentamicin, cephalo-
thin, doxycycline, metronidazole, tinidazole,
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tetracycline, ampicillin, bacitracin, chlorchinaldole,
clindamycin, and cefamandole.'? According to the
results from recently published trials, other regi-
mens may be more effective than monotherapy
with metronidazole, gentamicin, and doxycycline,
and the combination of neomycin plus erythro-
mycin (Tables 11-13 and 17). Significant advances
in therapy since 1975 have resulted in a more
effective range of antibiotic regimens in the
prevention of SWIs.!”

There is no obvious difference, however, in the rate
of SWI when the RCTs included in this review are
grouped according to the year of publication. The
overall rate of SWI was 11% (6195 patients), 12%
(10,297 patients), and 11% (6262 patients) for
trials published during 1984-87, 1988-91, and
1992-95, respectively.

Additional antibiotics

Many trials tested whether combination therapy
was more effective than monotherapy. For example,
metronidazole alone was found to be less effica-
cious than a combination of metronidazole with
other antibiotics (such as cefuroxime, fosfomycin,
and ampicillin) (Table 13). Similarly, the efficacy

of some agents could be improved by the addition
of metronidazole (Table 14).

In summary, it appears that additional antibiotics
were beneficial when they were added to pipera-
cillin, doxycycline, tinidazole, and metronidazole,
but no additional benefit was observed when anti-
biotics were added to cefoxitin, cefotetan, ceftri-
axone, ceftizoxime, latamoxef, and gentamicin
plus metronidazole.

New-generation cephalosporins

There is no consistent evidence to suggest that

the new-generation cephalosporins are more
effective than old-generation cephalosporins in
the prevention of SWI in colorectal surgery. Six
trials compared a first-generation cephalosporin
with a second- or third-generation cephalosporin
and the differences in rates of SWI between groups
were not statistically significant (Table 24). Similarly,
pooling results from these six trials to increase the
power did not show a statistically significant differ-
ence between the new-generation and the first-
generation cephalosporins (overall rate of SWI:
6.0% versus 6.4%; odds ratio = 0.93; 95% CI:

0.46, 1.86).

TABLE 24 Second- and third-generation cephalosporins versus first-generation cephalosporins

Regimen and study

[reference]
Second/third
generation

n/N
(Cefoxitin % 1) vs. (cephalothin x 18) 0/30
Antonelli [17]
(Cefoxitin X 5) vs. (cephazolin x 4) 1/36
Jones [71]
(Cefotaxime X |) vs. (cephazolin x 4) 4/29
Jones [71]
[All: Metronidazole suppository] 7/90
(Ceftriaxone X 1) vs. (cephazolin % I)
Lumley [91]
(Latamoxef X 3) vs. (cephazolin x 3) 1726
Plouffe [125]
(Latamoxef % 3) vs. (cephazolin + 3/60

metronidazole) % 3
Thomas [146]

Favours second/third generation

Incidence of SWI

Odds ratio
(95% Cl fixed)

Odds ratio
[95% CI fixed]

First
generation

n/N

330 &—————71— 0.13 [0.01,2.61]
1/35 D 0.97 [0.06, 16.16]
1/35 — 5.44 [0.57,51.68]
7/96 B 1.07 [0.36, 3.19]
1124 D 0.92 [0.05, 15.58]
5/60 A 0.58 [0.13,2.54]

T T T 1
0.0l 0.1 | 10 100 (log scale)

Favours first generation
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Route of administration

Prophylactic antibiotics can be administered in
three ways.'?

e Oral administration antibiotics are given by
mouth, rectum, colostomy, or nasogastric tube.
e Parenteral route antibiotics are administered
subcutaneously, intramuscularly,
or intravenously.
e Topical administration antibiotics are applied
directly to the surgical wound at the time
of operation.

The intravenous route is the most reliable method
of achieving a rapid increase in plasma level and
tissue concentration of the antibiotic, because the
intramuscular route may be limited by pharmaco-
kinetic features of a drug and the absorption of
antibiotics by oral route may be unreliable.’

No trial compared different routes of the same
antibiotic. No extra benefit was observed in

six trials that compared parenteral alone with
parenteral plus topical use of antibiotic prophy-
laxis (Table 25). However, the regimens that includ-
ed oral antibiotics were associated with a lower rate
of SWI in nine out of 12 trials, though the differ-
ence was statistically significant in only three trials.
Some of these trials used inadequate parenteral
antibiotics such as metronidazole alone or pipera-
cillin alone. In general, oral or topical application
of antibiotics in addition to the parenteral adminis-
tration of appropriate antibiotics seem to be of
limited value.

In the USA, the most commonly used oral regimen
is a combination of neomycin and erythromycin on
the day before operation.'® However, this regimen
alone was less efficacious than intravenous regi-
mens of ceftriaxone plus metronidazole,'* addi-
tional cefamandole,'?! additional cefoxitin,'® and
gentamicin plus metronidazole.®

Adverse events with
antibiotic prophylaxis

Consideration of toxicity profiles and adverse
events is important when selecting prophylactic
antimicrobial agents. Reports of adverse events
appear to have declined over the years and conse-
quently, it seems that concern about adverse events
associated with antimicrobial prophylaxis may also
have diminished. However, skin rash, diarrhoea,
and nausea are still commonly reported and may
be attributable to the use of some antibiotic agents.

Bacteriology and antibiotic
resistance

Most trials reported results of bacteriological
testing (110/134). Bacteria isolated from infected
wounds in colorectal surgery were often a mixture
of aerobic and anaerobic organisms, among which
E. coli and B. fragilis were most common. S. aureus
was also frequently isolated. The type of bacteria
isolated from surgical wounds might be altered
after use of antibiotic prophylaxis. For example,
bacteria isolated from wound infections were pre-
dominantly aerobic bacteria when prophylactic
metronidazole had been administered.” One trial
found that anaerobes were isolated from only one
of 15 wound infections in the metronidazole group
but from three of six wound infections in patients
receiving cephozolin plus oral neomycin

plus erythromycin.”

A regimen of antibiotic prophylaxis in surgery may
become ineffective if antibiotic-resistant bacteria
develop. The type and extent of antibiotic resist-
ance may vary from country to country and within
a country.'” Evidence has shown that increased
usage of antibiotics might be related to a rise in
the prevalence of resistant bacteria and vice versa.'”
It was suggested that the development of antibiotic-
resistant bacteria may be reduced if hospital
infections could be prevented and if the use

of antibiotics could be reduced.'”

By preventing postoperative wound infection, a
single dose or short-term antibiotic prophylaxis can
reduce the need for long-term antibiotic therapy
and therefore may contribute to reducing selection
of antibiotic-resistant bacteria. To be effective in
preventing SWIs, prophylactic antibiotics should
be selected according to the local presence and
prevalence of antibiotic-resistant bacteria.'” For
these reasons, the search for the ideal prophylactic
regimen must be a continuous process and univer-
sal acceptance and use of a regimen should

be avoided.'”

Cost and cost-effectiveness

Both costs and benefits of antimicrobial
prophylaxis in surgery may be direct or indirect,
and a number of components may be included.?
Costs of antibiotic prophylaxis include costs of
antibiotic drugs, equipment, and staff time. These
may be offset to some extent by reductions in the
length of the hospital stay. Although this report
has not attempted a systematic review of the cost-
effectiveness of antimicrobial prophylaxis in
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TABLE 25 Route of administration: parenteral versus parenteral plus oral or topical

Regimen and study

[reference]
Parenteral

only

n/N
(Cefoxitin x 3) vs. (cefoxitin X 3) + 0/39
(tinidazole x ) + (metronidazole oral x 3)
Peruzzo [120]
(Cefoxitin x 3) vs. (cefoxitin X 3) + 2/51
(neomycin + erythromycin oral) X 3
Stellato [141]
(Cefoxitin x 5) vs. (cefoxitin X 5) + 15/141
(neomycin + erythromycin oral) X 3
Coppa [37]
(Gentamicin + metronidazole) x | vs. 5/67
(gentamicin + metronidazole) x | +
(neomycin + erythromycin oral) x 3
Lau [83]
(Gentamicin + metronidazole) x 3 vs. 13/45
(metronidazole x 3) + (ciprofloxacin oral)
McArdle [93]
(Gentamicin + metronidazole) x [0 vs. 7/142

(metronidazole X 10) + (ciprofloxacin oral X |)
McArdle [93]

(Piperacillin x 1) vs. (piperacillin x I) + 39/168
(ciprofloxacin oral x 2)

Taylor [144]

(Piperacillin x 4) vs. (piperacillin x 4) + 26/223
(metronidazole X 6) + (neomycin oral x 8)

Reynolds [131]

(Metronidazole X 3) vs. (cephazolin + 14/47
neomycin + erythromycin oral) x 3

Khubchandani [76]

(Metronidazole X 1) vs. (metronidazole x 1) + 16/58
(metronidazole X 3) + (neomycin oral x 4)

Playforth [124]

(Latamoxef % 3) vs. (metronidazole x 3) + 5/64

(neomycin oral x 3)

Hinchey [65]

(Fosfomycin + metronidazole) x | vs. 6/77

(ampicillin x I) + (metronidazole +
bacitracin + neomycin) X 6
Nohr [111]

Incidence of SWI

Odds ratio Odds ratio
(95% CI fixed) [95% CI fixed]
Parenteral
plus oral/topical
n/N
4/41 7 0.11 [0.01,2.03]
3/51 —_— 0.65 [0.10, 4.08]
9/169 | 2.12 [0.90, 5.00]
3/65 e 1.67 [0.38,7.28]
4/40 B 3.66 [1.08, 12.36]
4/42 N 1.90 [0.51,7.05]
18/159 — 2.37[1.29,4.35]
9/107 B 1.44 [0.65,3.18]
4/55 —_— 5.41 [1.64, 17.86]
9/61 — 2.20 [0.88, 5.48]
3/67 — 1.81 [0.41,7.90]
7172 — 0.78 [0.25, 2.46]
I T T 1
0.01 0.l | 10 100 (log scale)

Favours parenteral

Favours parenteral
+ oral/topical

continued
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TABLE 25 contd Route of administration: parenteral versus parenteral plus oral or topical

Regimen and study

[reference] p coral
arenteral

Incidence of SWI

Odds ratio
(95% CI fixed)

Odds ratio
[95% CI fixed]

Parenteral

only plus oral/topical

n/N

(Cefotaxime x 3) vs. (neomycin + 2/50
erythromycin oral) x 3 +

(ampicillin topical X 1)

Raahave [128]

(Cefotaxime X 3) vs. (cefotaxime x 3) + 6/89
(ampicillin topical x 1)
Raahave [129]

(Cefotaxime + metronidazole) x 10 + 4/19
(cefotaxime + metronidazole) x 10 +

(cefotaxime topical x I)

Moesgaard [104]

(Gentamicin + metronidazole) X 7 vs. 4/38
(gentamicin + metronidazole) x 7 +

(gentamicin + metronidazole) topical

Moesgaard [102]

(Gentamicin + metronidazole) x | vs. 18/65
(gentamicin + metronidazole) +

cefotetan topical

Greig [57]

(Ampicillin + metronidazole) X 9 vs. 5/98
(ampicillin + metronidazole) x 9 +

ampicillin topical

Juul [73]

colorectal surgery, some general issues about cost-
effectiveness of antibiotic prophylaxis are discussed,
as well as cost information that was reported in
some RCTs.

Cost of surgical wound infection

The risk of postoperative wound infection is high
(>50%) in colorectal surgery if antimicrobial
prophylaxis is not employed, and SWI is associated
with a prolonged hospitalisation and costly
antibiotic treatment.

Relative cost-effectiveness

The costs associated with SWI are high, in terms of
both antibiotic treatment and prolonged hospital-
isation. Two studies showed that patients with

SWIs remained in hospital for approximately

12 days longer than those patients without infec-
tions,”"® and another study calculated that wound

n/N

6/50 1 0.31 [0.06, 1.59]

5/81 - 1.10 [0.32,3.75]

2/21 I

2.53 [0.41, 15.75]

5/41 T

0.85 [0.21,3.42]

15/64 -T—

.25 [0.57,2.77]

5/105 - 1.08 [0.30, 3.83]

I 1
0.01 0.1 |

Favours parenteral

T 1

10 100 (log scale)
Favours parenteral

+ oral/topical

infection following colorectal surgery was £978 in
1990.'™ These are clearly all costs that could be
reduced or avoided with an appropriate
prophylactic regimen.

The relative cost-effectiveness of different regimens
need to be compared to decide which regimen
should be selected in the prevention of SWI in
colorectal surgery. A cost-effectiveness ratio is
determined by the net cost and the effect of a
healthcare intervention.'” The net cost of a
regimen depends not only on the cost of a regimen
(including the cost of drug purchase, preparation
and administration of the drug) but also the savings
associated with the use of antibiotic prophylaxis,
such as a reduction in hospital stay. When there is
no difference in the efficacy and safety of prophy-
lactic antibiotics, the cost and ease of use become
criteria for the selection of regimens.'”17°
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It is possible to reduce the cost of antibiotic
prophylaxis without adversely affecting SWI
rate.””!8! For example, where appropriate:

* asingle dose or short-term regimen (less than
24 hours after surgery) can be adopted instead
of inappropriate long-term use of antibiotics

* more effective and less costly drugs can be used
instead of expensive drugs

* monotherapy can be used instead of
combination therapy.

Antibiotic prophylaxis in
surgical practice

Evidence from hospital surveys suggests that
inappropriate use of antimicrobial prophylaxis in
surgery is common in many countries. In seven
Malaysian hospitals, the use of surgical antibiotic
prophylaxis was investigated and it was found that
it was often prescribed for an unnecessarily long
period.'® A Spanish study (n = 714) showed that
prophylaxis was given for a mean of 8.4 days, and
that the first choice antibiotic was selected in
only 20% of the cases.'"® A survey on antibiotic
prophylaxis in 889 surgical departments in
German hospitals found that inappropriate
antibiotics were selected 70.5% of the time,

and that the duration of prophylaxis was not
optimal in 57.1% of cases.'®*

In a District General Hospital in England,
Dobrzanski and co-workers'” identified the major
problems associated with the use of antimicrobial
prophylaxis in abdominal and arterial surgery.
These included no antibiotics at induction (35%),
questionable antibiotics at induction (22%),
questionable postoperative antibiotics (25%),
and unnecessarily long postoperative treatment
courses (70%). The investigators developed the
surgical antibiotic prophylaxis guidelines.'”
According to these guidelines, one perioperative
and two postoperative doses of cefotaxime (1 g)
plus metronidazole (500 mg) should be intraven-
ously administered, in addition to oral neomycin
(1 g) plus metronidazole (400 mg) for bowel
preparation on the day before abdominal surgery.
The antibiotic regimen recommended in these
guidelines may not be optimal; for example,

a single dose may be enough in many patients.
However, by introducing the guidelines, the use
of surgical antibiotic prophylaxis became more
appropriate and the cost of antibiotic prophylaxis
per surgical patient was reduced from £38.13 to
£16.93. The rate of SWI was not followed in

this study.'”

In an audit of surgical prophylaxis in three
Hospital Trusts in Tayside, Scotland, it was found
that approximately 28% of patients undergoing
colorectal surgery received antibiotic prophylaxis
for more than 24 hours.'® Against the standard
recommended by the three hospitals, a second
dose of antibiotic prophylaxis was seldom given
for operations lasting more than 2 hours.
Janknegt and co-workers'® studied 33 guidelines
for antibiotic prophylaxis in surgery used in

89 Dutch hospitals. Since 1991, more guidelines
have recommended the use of single-dose prophy-
laxis in colorectal surgery compared with before
this date (50% versus 8% ). The antibiotics recom-
mended generally are active against anaerobic

and aerobic bacteria. The most commonly recom-
mended regimens for colorectal surgery include
co-amoxiclav (8% before 1991 versus 25% since
1991), cefuroxime plus metronidazole (25% versus
25%), and gentamicin plus metronidazole (33%
versus 20%) .15

Oral neomycin plus erythromycin on the day
before or 9-20 hours prior to surgery were often
recommended by authors in North America.**®
Results from trials that compared this regimen
alone with other regimens were inconsistent.

Oral neomycin plus erythromycin were found

to be significantly less efficacious than parenteral
ceftriaxone plus metronidazole,'® gentamicin plus
metronidazole,® or with additional cefoxitin.!'®®

In the British National Formulary (BNF No. 34,
September 1997), a single dose of gentamicin plus
metronidazole or cefuroxime plus metronidazole
are recommended for preventing infection in
colorectal surgery. A survey of guidelines for anti-
microbial prophylaxis in surgery in 392 hospitals in
the UK found that formal guidelines were available
in 47% of the 160 hospitals that responded.'®’
Recommended regimens for colorectal surgery
included co-amoxiclav (6%), second-generation
cephalosporin (2%), metronidazole alone (4%),
aminoglycoside plus metronidazole (19%), first-
generation cephalosporin plus metronidazole
(15%), second-generation cephalosporin plus
metronidazole (42%), and other antibiotics

(12%). It was claimed that 94% of these regimens
included antibiotics with activity against both
aerobic and anaerobic bacteria.'®

In a recent survey of antibiotic policies, Bloxham
sent a total of 172 letters to consultant micro-
biologists in hospitals in the UK.'® Recommenda-
tions on antibiotic prophylaxis in colorectal surgery
was available in 49 of the 68 antibiotic policies
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returned. Cefuroxime plus metronidazole was the
most frequently recommended (28 policies) as the
first choice. Co-amoxiclav was recommended in
seven hospital antibiotic policies and gentamicin

plus metronidazole in five policies. Other anti-
biotics recommended for antimicrobial prophylaxis
in colorectal surgery included cephradine and
cefotaxime plus metronidazole.



Health Technology Assessment 1998; Vol. 2: No. 7

Chapter 5

Conclusions

Antibiotic prophylaxis is effective in the
prevention of SWI in colorectal surgery. It
appears that some regimens may be inadequate,
such as metronidazole alone, and piperacillin alone
compared with other regimens. The efficacy of
many different regimens may be similar and it is
very difficult to identify the most effective. There is
no convincing evidence to suggest that the new-
generation cephalosporins are more efficacious
than first-generation cephalosporins in the
prevention of SWI in colorectal surgery.

A single dose or short-term use (less than 24 hours
after operation) is as efficacious as long-term
postoperative use of antibiotic prophylaxis, and
may be associated with less toxicity, fewer adverse
events, a reduced risk of developing bacterial
resistance, and lower overall costs.

Implications for policy

Two principles are important to follow when
selecting an appropriate regimen.

e Antibiotics or antibiotic combinations
should be active against both aerobic and
anaerobic bacteria.

e The administration of antibiotics should
be timed to ensure that the tissue concen-
tration of antibiotics around the wound

area is sufficiently high when bacterial
contamination occurs.

In addition, universal acceptance and use of a
regimen should be prevented in order to minimise
the development of antibiotic-resistant bacteria.
Based on available research evidence, guidelines
should be developed locally in order to achieve
more cost-effective use of antimicrobial prophylaxis
in colorectal surgery.

Recommendations for research

The review of RCTs presented here has highlighted
some important aspects of investigation and of anti-
biotic use. The quality of the included trials has
improved over the last 12 years, though there still
appear to be many methodological problems such
as inappropriate methods of patient allocation, lack
of blinding during assessment of outcomes, and
insufficient sample sizes.

Further studies of efficacy may be of little value
and would require large numbers of patients in
order to demonstrate a statistically significant
difference between regimens. Future research
should focus on the understanding of the practical
use of antimicrobial prophylaxis in colorectal
surgery in the UK and the cost-effectiveness of

the different regimens.
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Set

001
002
003
004
005
006
007
008
009
010
011
012
013
014
015
016
017
018
019
020
021
022
023
024
025
026
027
028

029
030
031
032
033
034
035
036

037
038
039
040
041
042
043
044
045
046

Appendix |

Medline search strategies

Search

Surgical Wound Infection/
Postoperative Complications/dt,ec,pc,su
exp preoperative care/

exp intraoperative care/
Premedication/
premedication.tw.

or/2-6

Bacterial Infections/dt,ec,pc,su
Infection/dt,ec,pc,su
Sepsis/dt,ec,pc,su

(bacteri$ adj2 infect$).tw.
(wound$ adj2 infect$).tw.
(wound$ adj2 contamin$).tw.
sepsis.tw.

or/8-14

exp Anti-Infective Agents/
Antibiotics/tu

antibiotic$.tw.

antimicro$.tw.

(antimicro$ adj3 prophyla$).tw.
(anti$ adj2 infect$).tw.

or/16-21

15 or 22

7 and 23

1 and 22

24 or 25

randomized controlled trial.pt.
(randomized controlled trial$ or
randomised controlled trial
random allocation/
double-blind method/

(single adj blind adj method).tw.
or/27-31

clinical trial.pt.

exp clinical trials/

(clinical$ adj5 trial$).tw.

((singl$ or doubl$ or trebl$ or tripl$) adjs
(blind$ or mask$))

placebos/

(placebo$ or random$).tw.
research design/

or/33-39

comparative study/

exp evaluation studies/
follow-up studies/

prospective studies/

(control$ or prospectiv$ or volunteer$).tw.
or/41-45

047
048
049
050
051
052
053
054
055
056
057
058
059
060
061
062
063
064
065
066
067
068
069
070
071
072
073
074
075
076
077
078
079
080
081
082
083
084
085
086
087
088
089
090
091
092
093
094
095
096

32 or 40 or 46

26 and 47

(animal not (human and animal)).sh.
exp HIV Infections/

bone marrow transplantation/
or/49-51

48 not 52

[exp surgery, digestive system (non mesh) /]
exp digestive system/su

abdomen/su

“colon and rectal surgery (specialty)”/
anastomosis, surgical/
appendectomy.tw.

cholecystectomy.tw.
choledochostomy.tw.
portoenterostomy.tw.
sphincterotomy.tw.

colectomy.tw.

protocolectomy.tw.

enterostomy.tw.

cecostomy.tw.

colostomy.tw.

duodenostomy.tw.

ileostomy.tw.

jejunostomy.tw.

esophagectomy.tw.

esophagoplasty.tw.

esophagostomy.tw.

gastrectomy.tw.

gastroenterostomy.tw.
hepatectomy.tw.

fundoplication.tw.

peritoneovenous shunt§.tw.
(transplant$ and (liver or pancreas)).tw.
or/54-80

surg$.tw.

(digesti$ adj2 system$).tw.

biliary$.tw.

bilio$.tw.

(colon$ or rectum$ or rectal$ or cecum$).tw.
gastric$.tw.

gastro$.tw.

jejunoileal.tw.

esophag$.tw.

pancrea$.tw.

anastomosis$. tw.

intestin$. tw.

abdomen$.tw.

oesophageal$.tw.

(stomach$ or liver$).tw.
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097
098
099
100
101

or/83-96
82 and 97
81 or 98
53 and 99
100
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Appendix 2

Data extraction sheet and field definitions

Field Data to be entered

Reviewers Initials of reviewer carrying out data extraction, plus those of reviewer checking

Refs First author’s surname, publication year, e.g. Ahmed, 1987

Copies State how the article was located, e.g. name the database, handsearching. If an
article is to have more than one record, only the first record should list the
method of location, for any further records enter Repeat.

Author All authors

Title Article title

Journal Full journal title

PYear Publication year

Volume Journal volume

Chapter Chapter

Page Page numbers

Place_of_publication Type of publication (journal article, book, unpublished)

Country Country of origin

Aim_of _study Enter the author’s aim of the study

Surgical_procedure Enter colorectal, appendicectomy or biliary

Surgery Give further details of the procedures used, e.g. elective, emergency

Bowel_prep Description of bowel preparation procedure

Duration_of _operation

Study_design
Randomisation

Blinding_assessor

Inclusion_exclusion
Interventions

Purpose

Enter the average (preferably mean) length of operation in minutes
Describe the method of randomisation, outcome measurement, etc.
Code for truly randomised (TR), pseudo randomised (PR) or not stated (NS)

Was the person measuring the outcome blind to the antibiotic used?
Enter Yes, No or Unsure

Enter the inclusion and exclusion criteria used for entering subjects to the trial
Give a clear description of the regimens used in each group

State the purpose, e.g. single vs. multiple dose

same antibiotic, different doses
different antibiotics, same doses
different antibiotics, different doses
extra antibiotics

other description
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Antibiotic_A
Antibiotic B
Antibiotic C (
Antibiotic_D )
Dose_A )
Dose B
Dose_C (
Dose_D J
Time_A \
Time_B |
Time_C
Time_D J
Route_A A
Route B
Route_C (
Route D J

Duration_A )
Duration_B

Duration_C

Duration D )

Number_ A )
Number_B
Number_C

Number_ D )

Blood_tissue_conc
Definition_SWI
Other_outcomes
Dur_of_follow-up

Age

Sex
Underlying_disease
Other_char

Comparable

State only the names of the antibiotic used in each regimen, e.g.

ampicillin + sulbactam; gentamicin + metronizadole

State the dosage used for each treatment group, e.g.

100 mg x 5; 1.5 g X 1 + 750 mg x 2; (1.5 mg/kg + 500 mg) x 3

Enter preop, periop or postop

Enter the route of administration, e.g. i.v., p.o.

Enter the duration of administration in hours

State the number of patients evaluated for SWI in each treatment group

Give details of any blood and tissue concentrations reported
Enter the authors definition of SWI

Enter other outcomes measured and their definitions if stated
Enter duration of follow-up postoperatively in days

Enter the average age of all the subjects undergoing surgery (colorectal, biliary
or appendicectomy)

Enter total male to female (M/F) ratio for the subjects
Give details on the underlying diseases of the subjects as a whole
Give details of any other characteristics reported

State whether the groups were comparable or not
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SWI_A
swi_B
SWiI_C

SWI_D

p_value
Adverse_events

Other_results

Withdrawal _rate
Withdrawals
Cost
Cost_effect

Conclusion_au

Review_comments

Extral
Extra2

Give the total number of patients with SWIs

Enter p-value if available
Describe adverse events for each treatment group

Give results of other outcomes measured including different subgroups of SWIs
and other infections, hospital stay, mortality.
Enter total number of patients with any infection.

Give the numbers withdrawing after randomisation
Give reasons and group for withdrawals
State whether cost was discussed in the article, Yes or No

Give details of costs reported (costs of drugs, or cost implications, e.g. nursing
workload, hospital stay)

State author’s conclusions

Enter any comments on the trial design, statistics used, etc.

If a paper examines more than one type of surgery, the data should be extracted for colorectal only. If
relevant data are not available for a particular field enter NA. If, however, a field is not applicable for an

article mark it with ‘~’.
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Appendix 3

RCTs of antimicrobial prophylaxis in
colorectal surgery (1984-95)
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Appendix 4

Number of comparisons between antibiotics
in included trials
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