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Background: Single-dose antimicrobial prophylaxis for major surgery is a widely accepted principle; recommendations have 
been based on laboratory studies and numerous clinical trials published in the last 25 years. In practice, single-dose prophylaxis has 
not been universally accepted and multiple-dose regimens are still used in some centres. Moreover, the principle has recently been chal- 
lenged by the results of an Australian study of vascular surgery. The aim of this current systematic review is to determine the overall 
efficacy of single versus multiple-dose antimicrobial prophylaxis for major surgery and across surgical disciplines. 
Methods: Relevant studies were identified in the medical literature using the MEDLINE database and other search strategies. Trials 
included in the review were prospective and randomized, had the same antimicrobial in each treatment arm and were published in 
English. Rates of postoperative surgical site infections (SSI) were extracted, 2 x 2 tables prepared and odds ratios (OR) [with 95% 
confidence intervals (95% CI)] calculated. Data were then combined using fixed and random effects models to provide an overall figure. 
In this context, a high value for the combined OR, with 95% CI > 1 .O, indicates superiority of multiple-dose regimens and a low OR, 
with 95% CI < 1 .O, suggests the opposite. A combined OR close to 1 .O, with narrow 95% CI straddling 1 .O, indicates no clear advan- 
tage of one regimen over another. Further subgroup analyses were also performed. 
Results: Combined OR by both fixed (1.06,95% CI, 0.89-1.25) and random effects (1.04,95% CI, 0.86-1.25) models indicated no 
clear advantage of either single or multiple-dose regimens in preventing SSI. Likewise, subgroup analysis showed no statistically sig- 
nificant differences associated with type of antimicrobial used (beta-lactam vs other), blinded wound assessment, length of the multiple- 
dose arm (> 24 h vs 24 h or less) or type of surgery (obstetric and gynaecological vs other). 
Conclusions: Continued use of single-dose antimicrobial prophylaxis for major surgery is recommended. Further studies are 
required, especially in previously neglected surgical disciplines. 
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INTRODUCTION 
The idea of administering a single, appropriately timed dose of an 
antimicrobial agent to prevent surgical site infection is not new; the 
principle was first outlined by Burke more than 35 years ago.1 
Following a series of classic experiments using Staphylococcus 
aureus in laboratory guinea pigs, Burke concluded that the 
‘effective period begins the moment bacteria gain access to the 
tissue and is over in three hours’. Subsequent studies in other 
centres and using other models have confirmed Burke’s laboratory 
findings;ZJ critical factors include bacterial dose, bacterial 
adherence to tissues, presence of a glycoprotein capsule, effi- 
ciency of local defences and adequate levels of the antimicrobial 
agent at the surgical site. Over the last 25 years, a large body of 
clinical evidence has accumulated supporting the use of single-dose 
and short course surgical prophylaxis. 

In Australia, single-dose antimicrobial prophylaxis for major 
surgery has been accepted practice for more than 15 years. The 
practice is supported by the Royal Australasian College of Surgeons 
(RACS) and championed by the Antibiotic Guidelines booklet.4 
Justification for this approach is based on microbiological first 
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principles, published studies reporting efficacy, convenience of 
administration, reduced antimicrobial resistance, fewer prob- 
lems with drug toxicity and relatively low cost.5.6 Yet adherence 
to the Guidelines is certainly not universal and more prolonged 
courses of peri-operative prophylaxis are still seen in many 
centres.’-9 The reasons for these extended courses are not clear; it 
may be that some surgeons are yet to be convinced by the available 
evidence. 

Recently, the concept of single-dose surgical prophylaxis has 
been challenged. A presentation by Western Australian investi- 
gatorslo at the 1996 Annual Scientific Meeting of the Surgical 
Research Society of Australasia questioned the current recom- 
mendations. Following a randomized trial of single vs multiple-dose 
ticarcillidclavulanate in 302 patients, the investigators con- 
cluded that ‘single-dose antibiotic therapy is inadequate prophylaxis 
for patients undergoing vascular surgery’. This prompted further 
examination of the issue. 

Numerous descriptive reviews of the topic have appeared in 
print,lI-l* most supporting the concept of single-dose prophy- 
laxis, and at least one systematic review has been done in biliary 
tract surgery.l9 However, to our knowledge there has been no 
published systematic review, based on explicit criteria, which 
examines the issue of single-dose vs multiple-dose regimens 
across surgical disciplines. This systematic review aims to 
ascertain from available published trials, the relative overall 
efficacy of single vs multiple-dose antimicrobial prophylaxis for 
major surgery in the prevention of surgical site infection (SSI). 
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METHODS 

389 

Data analysis 

Search strategy Data were analysed from each trial using the number of evaluable -. 

Trials of single vs multiple-dose surgical prophylaxis and other rel- 
evant studies were identified through the MEDLINE database, 
using WINspirs and OVID, for the years 1966-1997. Key words 
were antibiotic prophylaxis, antimicrobial prophylaxis plus surgical 
prophylaxis and single-dose, multiple-dose. This was compli- 
mented by a search through Current Contents and careful back- 
searching of references from other publications, especially 
reviews. 

Inclusion criteria 

Only trials of antimicrobial surgical prophylaxis with comparable 
treatment arms were included. Thus, the review was confined to 
prospective, randomized studies involving major surgery com- 
paring a single pre-operative dose to multiple doses of the same 
antimicrobial agent(s). Double-blinded, single-blinded and non- 
blinded trials were all included. Pharmacokinetic studies and 
trials comparing two or more different antimicrobials were not 
included; neither were placebo-controlled studies and placebo 
arms of multiple-dose studies. In addition, studies were only 
included if comparative data relating to surgical site infection 
rates could be extracted for analysis. The review also was 
restricted to trials published in the English language. 

Data extraction 

For the purposes of this review, a surgical site infection was 
defined according to the guidelines of the Centers for Diseases 
Control (CDC),20 including the presence of pus, wound dehis- 
cence, postoperative reopening of the wound for drainage, 
antimicrobials given for the wound and the clinicians’ diagnosis of 
a SSI. Superficial, deep wound and organ space infections were 
included. Infections at sites other than the surgical site, such as 
septicaemia and pneumonia, were not included in the analysis. 

According to accepted practice, the definition of ‘single-dose’ 
prophylaxis allows for the administration of a second dose of an 
antimicrobial during surgery if the procedure is unduly long and the 
plasma half-life of the drug short. However, the definition does not 
allow for any antimicrobial agent to be given at the end of the pro- 
cedure, in the recovery room or at a later time. 

At the time of data extraction, particular emphasis was placed on 
identifying key aspects, such as: (i) the type of surgical procedure; 
(ii) methods of randomization and evidence for its effectiveness; 
(iii) whether or not the trial was blinded, and who was blinded 
(special note was taken as to whether the postoperative assessment 
of wounds was done in a blinded fashion); (iv) the antimicrobial 
agent(s) chosen; (v) the length of the multiple-dose regimens 
(< 24 h vs > 24 h); (vi) whether potential antimicrobial-associated 
complications (including drug side-effects, toxicity, changes in 
microbial flora and appearance of drug resistance) were sought or 
documented; (vii) whether the trial was analysed on an inten- 
tion-to-treat basis; (viii) length of postoperative follow-up; and (ix) 
the final SSI rates for each group (if required, these were converted 
to odds ratios (OR) and 95% confidence intervals). 

Data were extracted from each paper by two people working inde- 
pendently. Any discrepancy or disagreement was submitted to 
the other members of the group for adjudication. These were all 
found to be transcription errors or minor difficulties with interpreting 
data presentation. Overall agreement was reached by consensus. 

patients as the denominator. The primary outcome measure was the 
presence or absence of SSI and, as far as possible, the definition of 
a SSI (or ‘surgical wound’) infection in each trial was matched with 
the CDC definition. 

The dichotomous primary outcome was summarized for each 
study in the form of a 2 x 2 table. Odds ratios (OR) of infection 
for single- vs multiple-dose prophylactic regimens were com- 
puted for each study and combined across studies using a fixed 
effects model and the DerSimonian and Laird random effects 
model? Odds ratios and relative risk (RR) are for practical pur- 
poses equivalent for rare outcomes, such as those observed in 
these studies. The issue of whether fixed or random effects 
models are appropriate has been discussed extensively in the 
literature.22 Weighting of studies used inverse variances of 
the logarithm of the OR for the fixed effects model, whereas the 
weights for the random effects model incorporated an additional 
component to account for heterogeneity of effects between different 
studies. When heterogeneity is present the confidence intervals for 
the random effects model become wider than those for the fixed 
effects model. For studies where no infections were observed in 
either of the dosage groups, the value ( V z )  was added to all cells in 
the corresponding 2 x 2 table.22 Assessment of heterogeneity of OR 
across studies was performed using Zelen’s exact test for multiple 
2 x 2 tables.23 

Limited post hoc exploration was performed to examine 
whether the relative effect of single vs multiple-dose prophy- 
laxis depended on any of the following study characteristics: use of 
a beta-lactam antibiotic, blinded wound assessment, obstetric 
and/or gynaecologic surgery, multiple-dose prophylaxis greater than 
24 h and the overall event rate combined across both groups. A 
random effects weighted linear regression of the logarithm of 
the OR was conducted for each of the above study characteristics.2.l 
These regression models assessed the degree to which the char- 
acteristics explained the heterogeneity between the OR of the 
different studies; the models can be regarded as a regression 
extension of the random effects method of DerSimonian and 
Laird.21 Analyses were performed using the SAS (SAS Institute, 
Cary, NC, USA, 1996) and StatXact (StatXact v.2, 1991 Cytel 
Software Corp., Cambridge, MA, USA) statistical packages; 
results are reported as OR with 95% confidence intervals (CI) 
based on the standard normal distribution. 

RESULTS 
Eighty-four relevant publications were retrieved in the initial 
search. These included clinical trials and several reviews related 
to single vs multiple-dose prophylaxis. Using a screening process 
based on the first two inclusion criteria, 52 prospective studies 
were identified as suitable for further assessment.25-76Twenty-nine 
trials were then identified as broadly meeting the inclusion crite- 
ria;4”76 these were quality checked by two of the authors acting 
independently and one trial was subsequently excluded because of 
lack of evidence of randomization and difficulty extracting appro- 
priate data.76 The remaining 28 trials met all the inclusion criteria and 
involved a total of 9478 patients in single vs multiple-dose arms 
(Table 1); some trials had additional arms with placebo or alternative 
antimicrobial agent which were not included for assessment. 

For the 28 studies (Table 2, Fig. 1) the combined odds ratio of 
SSI for single vs multiple-dose prophylaxis by the fixed effects 
(FE) model was 1.06 (95% CI, 0.89-1.25) and by the random 
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Table 1. Summary of publications meeting the inclusion criteria 

Ref. Journal Year Antimicrobial agent@) Type of surgery 

Bernard48 
Castoldi49 
ConteSO 
Crotonsl 

Giercksky53 
Gonik54 
Goransson55 

Hal157 
Hamod58 
Hargreave59 
Hargreavea 
Hemsell61 
Higgins62 
Jakobi63 
Khan” 
Li berman65 
MayeI.66 
MeijeI.67 
Mendelson68 
Nooyen69 

Ramseyn 
Saltzman72 
S trachan73 
Tornqvist74 
Turano75 

~a1152 

~a1156 

oiak70 

J. Thor. Car. Surg. 
Drugs 
Ann. Intern. Med. 
Postgrad. Med. J. 
Am. J. Obs. Gyn. 
Ann. Surg. 
Obs. Gyn. 
Acta Chir. Scand. 
Arch. Surg. 
Urology 
Am. J. Obs. Gyn. 
J. Antimicrob. Chemother. 
Euro. Urol. 
Obs. Gyn. 
Br. J. Surg. 
Am. J. Obs. Gyn. 
Scand. J. Infect. Dis. 
J. Am. Coll. Surg. 
Eur. J. Gynaecol. Oncol. 
Br. J. Surg. 
Obs. Gyn. 
Eur. J. Micro. Infect. Dis. 
Ann. Thorac. Surg. 
Urology 
J. Reprod. Med. 
Br. Med. J. 
Br. J. Surg. 
Am. J. Surg. 

1994 
1988 
1972 
1981 
1987 
1982 
1985 
1984 
1989 
1996 
1980 
1984 
1993 
1984 
1980 
1988 
1980 
1995 
1993 
1993 
1979 
1994 
1991 
1983 
1986 
1977 
1981 
1992 

Cefuroxime 
Cefotaxime 
Cephalothin 
Cefuroxime 
Piperacillin 
Tinidazole and doxycycline 
Cefotaxime 
Doxyc ycline 
Moxalactam 
Fleroxacin 
Cephalothin 
Cefotaxime 
Ceftazidime 
Cefoxitin 
Cotrimoxazole and metronidazole 
Cephazolin 
Metronidazole 
Cefoxitin 
Piperacillin and tinidazole 
Cefuroxime 
Cephradine 
Cefuroxime 
Cefazolin 
Gentamicin 
Mezlocillin 
Cephazolin 
Doxycycline 
Cefotaxime 

Pulmonary 
Biliary 
Cardiac 
Biliary 
Caesarean section 
Colorectal 
Caesarean section 
Colorectal 
Contaminated abdominal 
Transurethral prostatectomy 
Vaginal hysterectomy 
Transurethral prostatectomy 
Transurethral prostatectomy 
Vaginal hysterectomy 
Colorectal 
Caesarean section 
Gynaecological 
Appendicectomy 
Radical pelvic 
Biliary 
Vaginal hysterectomy 
Cardiac 
Thoracic 
Prostatectomy 
Caesarean section 
Biliary 
Colorectal 
Abdominal and pelvic 

Table 2. Summary of data extracted and odds ratios (OR) 

Name of first Assessor Prophylaxis Single-dose Multiple-dose Oddshatios (95%CI*) for 
author blinded (> 24 h) prophylaxis prophylaxis surgical site infections (SSI) 

SSI NoSSI SSI NoSSI 

Bernard48 
Castoldi49 
ConteSO 
Croton5l 

Giercksky53 
Gonik54 
Goranssonss 

Ha1157 
Hamod58 
Hargreave59 
Hargreavea 
Hemsell61 
Higgins62 
Jakobi63 
KhanM 
Liberman65 
Maye66 
MeijeI.67 
Mendelsons 
Nooyen69 

Ramsey 71 
Saltzman’z 
Strachan73 
TornqvisP 
Turano75 

~ai152 

~a1156 

oiak70 

7 
0 
6 
1 
8 
4 
5 
1 

52 
1 
0 

13 
45 

1 
1 
3 
8 
5 
1 

34 
1 

30 
11 
2 
3 
2 
5 

28 

95 2 
26 0 
24 5 
39 3 
52 3 

114 11 
45 7 
52 4 

467 50 
56 0 
23 2 
93 11 

195 29 
57 2 
28 1 
47 5 
81 2 
58 1 
36 1 

99 
29 
29 
32 
53 

105 
43 
45 

458 
27 
28 
86 

22 1 
52 
30 
45 
88 
63 
28 

467 27 476 
22 0 21 

389 24 40 1 
88 13 87 
20 6 15 
48 3 48 
61 4 69 
42 6 36 

1774 39 1726 

3.65 (0.74-18.00) 
1.11 (0.02-58.1) 
1.45 (0.39-5.34) 
0.27 (0.03-2.75) 
2.72 (0.68-10.8) 
0.34 (0.10-1.08) 
0.68 (0.20-2.32) 
0.22 (0.02-2.01) 
1.02 (0.68-1.54) 
1.46 (0.06-37.0) 
0.24 (0.01-5.31) 
1.09 (0.47-2.57) 
1.76 (1.06-2.91) 
0.46 (0.04-5.18) 
1.07 (0.06-17.9) 
0.57 (0.13-2.54) 
4.35 (0.89-21.7) 

0.78 (0.05-13.0) 
1.13 (0.79-1.62) 

5.43 (0.6247.9) 

2.87 (0.1 1-74.3) 
1.29 (0.74-2.24) 
0.84 (0.35-1.97) 
0.25 (0.04-1.42) 

0.57 (0.10-3.20) 
0.71 (0.20-2.54) 

1.00 (0.19-5.21) 

0.70 (0.43-1.14) 

*95% confidence interval calculated using the variance of the logarithm of the odds ratio, with adjustment for 0 cells. 
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dose prophylaxis by weight; the 

effects (RE) model 1.04 (95% CI, 0.86-1.27) (Table 3). The 
Zelen exact homogeneity test indicated some evidence of het- 
erogeneity of results across the studies ( P  = 0.091). 

Beta-lactam drugs (penicillins and cephalosporins) were used for 
surgical prophylaxis in 21 studies (Table 3); in 18 studies, the 
chosen drug was a cephalosporin. When beta-lactam antimicrobials 
were used, the combined OR (RE) for SSI was 1.10 (95% CI, 
0.90-1.33); in contrast, the OR (RE) of the non-beta-lactam 
drugs was 0.65 (95% CI, 0.34-1.23). However, this difference was 
not statistically significant at the 5% level ( P  = 0.13). 

Ten studies (10/28, 36%) involved obstetric and/or gynaeco- 
logical surgery although this represented only 1480 patients 
(16%). In the trial reported by Turano et aZ.,75 608 had obstetric 
and/or gynaecological surgery (OR for SSI, single vs multiple- 
dose prophylaxis 1.76 (95% CI, 0.56-5.30)) and 2959 had data 
for abdominal or urological surgery (OR of 0.49 (95% CI, 
0.27-0.89)). The combined OR (RE) for obstetric and gynaeco- 
logical surgery was 1.14 (95% CI, 0.62-2.09) and for the 
remaining studies it was 1.03 (95% CI, 0.82-1.28) with little 
evidence of a true difference between these subgroups 
( P  = 0.75) (Table 3). 

The 15 studies in  which postoperative wound assessment was 
done blinded (Table 3, Fig. 2) had a combined OR (RE) of 1.24 
(95% CI, 0.95-1.63) with the remaining 13 studies yielding a 
combined OR (RE) of 0.91 (RE, 95% CI 0.71-1.17). This sug- 
gested a possible true difference between these subgroups 
(P = 0.10). The relative efficacy of multiple-dose regimens of 
greater than 24 h (OR (RE) 1.03,95% CI 0.77-1.36) vs single-dose 
appeared to be no different to those of less than 24 h (OR (RE) 
1.03, 95% CI 0.76-1.40), P = 0.95 (Table 3). 

Assessment of the dependence of the OR on the overall rate of 
infection in each study was performed using the latter as a con- 
tinuous covariate. The results indicated that the expected OR 
(RE) for the single vs multiple-dose comparison increases by a 
factor of 1.12 (95% CI, 0.89-1.42, P = 0.33) for each increment of 
5% in overall infection rate. Thus, for example, the average OR for 
studies with an overall 10% infection rate is estimated to be 
12% higher than the average OR for studies with a 5% infection 
rate. However, the confidence interval indicates considerable 
uncertainty in this estimate. 

Table 3. Subgroup analysis of extracted data 

Determinant Odds ratio by Odds ratio by 
fixed effects random effects 

model (95% con- model (95% con- 
fidence interval) fidence interval) 

Combined OR (all studies) 1.06 (0.89-1.25) 1.04 (0.86- 
Beta-lactam drug used 

Drug other than beta-lactam 

Wound assessment blinded 

Wound assessment not 

Obstetric/gy naecologic 

(21 studies) 1.10 (0.91-1.32) 1.10 (0.90- 

used (7 studies) 0.64 (0.34-1.22) 0.65 (0.34- 

(15 studies) 1.23 (0.94-1.60) 1.24 (0.95- 

blinded (13 studies) 0.93 (0.74-1.17) 0.91 (0.71- 

.27) 

.33) 

.23) 

.63) 

.17) 

surgery-(lO studies) 1.14 (0.62-2.1 I )  1.14 (0.62-2.09) 
Other (non-ObGyn surgery 

Multi-dose prophylaxis 

Multi-dose prophylaxis 

Odds ratio increase per 5% 

(19 studies) 1.05 (0.88-1.25) 1.03 (0.82-1.28) 

< 24 h (12 studies) 1.02 (0.79-1.32) 1.03 (0.76-1.40) 

> 24 h (16 studies) 1.08 (0.86-1.36) 1.03 (0.77-1.36) 

increase in overall 
infection rate 1.15 (0.94-1.41) 1.12 (0.89-1.42) 

All studies (n=28) 

Beta-lactam used (n=21) 

Non-beta-lactam (n=7) 

Blind assessment (n=15) 

Non-blinded (n=13) 

ObGyn surgery (n=lO) 

Non-ObGyn (n=l9) 

Regimen <=24 h (n=12) 

Regimen > 24 h (n=16) 

0.30 1 .o 3.00 

Favours singlAose Odds ratio (95%. Cl) Favours multipledose 

Fig. 2. Odds ratios from random effects regression models. 
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DISCUSSION 

Antimicrobial agents take up a large share of hospital pharmaceuti- 
cal budgets and in most acute care institutions a substantial 
portion (20-30%) is used for surgical prophylaxis (G. Weeks, 
pen. comm. 1997; J. Dartell, pers. comm. 1997). Overall, the benefits 
of judicious prophylaxis are not in dispute; nevertheless, huge 
amounts of money are involved and considerable harm can come 
from inappropriate use, Burke’s laboratory findings make com- 
mon sense but caution should be exercised before they are applied in 
clinical practice.1 It is essential that antibiotic recommendations 
are evidence-based and a systematic review of the published litera- 
ture is the only way to objectively evaluate the evidence across the 
surgical spectrum while retaining the ability to examine various 
subsets. Combining the data in such a way greatly enhances the 
power and precision of individual studies and provides the oppor- 
tunity to determine consistency of the findings.77-79 

The aim of this systematic review was to ascertain the relative 
efficacy of a single dose of an antimicrobial agent for surgical 
prophylaxis compared to a multiple-dose regimen. More than 50 
clinical trials have been published examining alternative dosage 
schedules but many do not have the same drug in each arm. In 
these circumstances, the data on efficacy may be obscured by 
differences in antimicrobial spectrum, mode of administration, 
pharmacokinetics and adverse effects. In addition, the methodol- 
ogy of the studies varies widely in quality; the minority have 
adequate numbers, are properly randomized and double-blinded 
and incorporate intention-to-treat analysis. To our knowledge, 
there has been no previously published systematic review based on 
explicit inclusion criteria where the same drug is used in each arm. 
Only in this way can pharmacological variables be controlled 
and methodological quality standardized. 

Most of the published trials have limited numbers of subjects 
yielding OR with wide CI; most are far too small to have sufficient 
probability of detecting a statistically significant difference 
between the two groups even if one existed (type II error). Statistical 
power and consideration of possible type I1 error is mentioned 
in only seven studies.48,5*,56.59.67.69.70 Moreover, potential type I1 
error is a particular problem when wound infection rates are low for 
both single- and multiple-dosage arms. Only seven studies 
reported infection rates above 10%.50,54,59,60,70,71,74 If one considers 
a statistical significance level of 0.05 and power of 0.80 to be 
acceptable, approximately 870 patients (1: 1 single/multiple-dose 
ratio) would need to be enrolled to detect a true difference 
of 10% vs 5% in infection rates. The trials included in this sys- 
tematic review had numbers varying from 43 to 3567 (mean: 
337, median: 107); using a meta-analysis technique, the results 
from 9478 patients can be pooled and the chance of type I1 error 
substantially diminished. 

In theory, Burke’s principle should apply for most, if not all sur- 
gical procedures.1 In practice, it is difficult to assess the universal 
clinical relevance of published trials when surgical procedures 
vary widely, study endpoints are not uniform and authors define 
outcomes differently. In some trials, even the basic definition of 
an endpoint is lacking. In order to overcome the diversity of 
approach, analysis of the combined data was standardized by 
selecting the presence of SSI as the primary outcome and applying 
the CDC definition wherever possible based on information pro- 
vided.20 There were still some interpretation difficulties and, 
when there was doubt, the fourth CDC criterion was applied; 
that is, if the surgeon (the authors of the study) determined that 
there was a SSI, then it is counted as such. Here, the presence or 

absence of SSI provides a convenient dichotomous outcome and it 
is noted that the ‘manufacturing’ of such outcomes in clinical 
trials has recently been questioned.80 However, strict application of 
the above criteria should make the chosen dichotomous outcome 
quite legitimate for the purposes of this review. When standardized 
in this way, the analysis of data pooled from across surgical dis- 
ciplines can also be justified; basic microbiological and surgical 
principles are being tested. 

No attempt was made to analyse the combined data relating to 
postoperative fever and septicaemia because the information 
provided was too inconsistent across the studies and there was lack 
of clear differentiation of sepsis from fever due to other causes. 
Likewise, postoperative pneumonia was not included as a SSI in the 
context of pulmonary surgery because of the many other con- 
founding factors.48 Assessment of SSI post-prostatectomy is 
more problematical; in this review we have included figures for 
postoperative urinary tract infection,57.59.60.71 although they 
would not count in data collection as currently recommended by the 
CDC.81 Exclusion of data on urinary tract infections in this 
context would slightly reduce the value of the combined OR 
value but not to a statistically significant extent. Intention-to- 
treat analysis was provided in only four studies48.60.61267 and it 
was decided that there was little to be gained by further 
analysing these as a separate group. Meijer et al., in their meta- 
analysis of antibiotic prophylaxis in biliary surgery, highlighted 
the difficulties with variable length of postoperative follow-up.~9 
These authors found higher SSI rates in patients followed for 
longer periods compared with those only assessed during hospi- 
talization. The 28 studies in this systematic review also had 
widely differing follow-up periods and in six no data were provided 
at all. Thus, it was not useful to use length of follow-up as basis for 
additional analysis. 

The result of the random effects meta-analysis shows no clear 
advantage of either of single or multiple dose. In the spirit of 
random effects analysis, the studies assessed in this review are con- 
sidered a random sample from a population of all possible 
studies fitting the selection criteria that have been, or will be 
conducted. The true relative effect of single vs multiple dosing may 
vary from study to study according to design and/or patient 
characteristics. 

There was evidence of limited heterogeneity across studies 
associated with type of antimicrobial and blinded wound assess- 
ment. The reason for the discrepancy between beta-lactam and 
non-beta-lactam drugs is not clear, but may prompt further 
investigation. When wound assessment was blinded, the OR 
favoured multiple over single dose, whereas it favoured single dose 
for the non-blinded studies. A possible explanation would be 
assessor or reporting bias in the non-blinded studies; however, this 
is speculative. 

Subgroup analysis on duration of the multiple-dose prophy- 
laxis was performed to determine whether a difference existed 
between longer and shorter multiple-dose courses of antimicrobial 
prophylaxis. A clear advantage of the former would provide 
evidence to challenge Burke’s principle.1 But there was no evidence 
of a difference in relative efficacy for the multiple-dose regi- 
mens of less than 24 h duration (vs single-dose) when compared to 
those of more than 24 h. 

There are various potential sources of bias. For example, 
there may be a reference bias towards obstetric and gynaecologi- 
cal studies that comprise more than a third of the whole group. The 
combined OR for the obstetric and gynaecological studies 
slightly favoured the multiple-dose regimen as compared to the 
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non-obstetric group but was not statistically significant. On the 
other hand, several surgical specialties are poorly represented in the 
available published literature on single- vs multiple-dose pro- 
phylaxis; these include neurosurgery, head and neck, plastic, 
orthopaedic and endoscopic surgery. Publication bias also may be 
a significant problem and is of concern in any systematic review 
that has selective criteria especially when unpublished studies 
are not included.82 It cannot be assumed that because there is no 
real negative outcome for the studies involved, investigators are 
likely to publish findings of randomized trials regardless. 
Finally, there was inconclusive evidence of dependence of the 
OR on the overall rate of infection in each study (OR = 1.12 
(RE) and 95% CI, 0.89-1.42, for each 5% increment in infection 
rate); the estimated trend favoured single- over multiple-dose 
regimens for studies with higher infection rates. In this case the CI 
does not completely rule out the possibility of the result being in the 
opposite direction. 

The small sample size and low infection rates in a number of 
studies caused initial concern about the validity of the use of the 
fixed and random effects models which required, in essence, that 
each study be large in size. To investigate this further, a series of 
fixed effect validation analyses were performed using exact condi- 
tional logistic regression with the LogXact statistical package 
(StatXact v.2, 1991, Cytel Software Corp., Cambridge, MA, 
USA). These analyses assumed an underlying constant OR across 
studies, but otherwise made no assumptions concerning sample 
sizes or infection rates. The results of these analyses were negligi- 
bly different from the fixed effect results reported in Table 3, pro- 
viding a confiiation that the results presented in this review are not 
likely to be in error due to insufficient sample size of individual 
studies. A plausible explanation for the similarity between the 
exact and approximate fixed effects results is that the smaller 
studies are downweighted heavily in fixed and random effect 
analyses; their individual standard errors may be imprecise due to 
small sample size but have little bearing on the overall result. 

The study by Hall e t  a l . ,  had not been published at the time of 
this review and was not included in our analysis.10 From the 
data provided, the OR of 2.00 (95% CI, 1.02-3.92) is just 
beyond conventional statistical significance. Even when these 
data are included in our set, the final OR (RE) for the 29 studies is 
1.09 (95% CI, 0.88-1.33). More studies may be required before 
the conclusions of Hall et al. become the basis for prescribing 
guidelines in vascular surgery. 

CONCLUSION 
The results of this analysis provide evidence of no clear superior- 
ity of either single- or multiple-dose antimicrobial prophylaxis 
in the prevention of surgical site infection. On this basis continued 
use of single- rather than multiple-dose prophylaxis is recom- 
mended at least for the time being. Considerable pharmaceutical 
savings should follow without compromising the quality of 
surgical care. Moreover, minimizing exposure to antimicrobial 
agents should reduce the risks of adverse events and the selection 
pressure for emergence of antimicrobial resistance in the hospital 
setting. More studies are now required especially high-quality 
trials in previously neglected surgical disciplines. 
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