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Should an tibio tic prophylaxis be used
routinely in clean surgical procedures: A
ten tative res

Ronald T. Lewis, MB, BS, Frederick M. Weigand, MD,joseph Mamazza, MD,
Walter Uoyd-Smith, MD, and Donna Tataryn, MD, Montreal, Quebec, Ganada

Background. The incidence of surgical site infection (SSI) after clean surgical procedure has
traditionally been regarded as toa low for routine antibiotic prophylaxis. But we now know that hose

factors may increase the risk of SSI to as high as 20%. We assessed the value of prophylactic
cefotaxime in patients stratified for risk of SSI in a randomized double-blind erial.
Methods. Patients admitted for clean elective operations were enrolled, stratified for risk by National
Nosocomial Infection Surve;' Gritería, and randomized to receive intravenous cefotaxime 2 gm or
placebo on call for operation. They were followed for 4 to 6 weeks for SSI diagnosed by Centers for
Disease Control and Prevention Gritería.
Results. Analysis of 775 patients showed that the 378 evaluable patients who received cefotaxime had
70% fewer SSIs than those who did not-Mantel-Haenszel risk ratio (MH-RR) 0.31,' 95% confidence
intervals (CI) 0.11 to 0.83. Benefit was clear in the 616low risk patients-0.97% versus 3.9% SSI
(MH-RR 0.25, CI 0.07 to 0.87, P = 0.018), but only a trend was seen in 136 high risk
patients-2.8% versus 6.1 % SSI (MH-RR 0.48, CI 0.09 to 2.5).
Corn:lusions. The results indicate clear benefit for routine antibiotic prophylaxis in clean surgical
procedures. High risk patients need more study. (SURGERY 1995,'118:742-7.)

From the Department 01 Surgery', Queen Elizabeth HosPital, McGiU University, Montreal, Quebec,

Ganada

THE VALUE OF prophylactic antibiotics is well established
in clean-<:ontaminated operations and in clean opera-
tions in which prostheses are implanted.1, 2 But prophy-

lax.is is not generaIly recommended for most clean sur-
gical procedures, because postoperative wound infec-
tions have been reported in fewer than 3% of

operations.3
Recently this traditional approach has been chaI-

lenged. Careful postoperative surveillance has shown
that in this era of outpatient and short stay surgery about
50% ofwound infections are diagnosed after the patient
has been discharged from hospital.4 Even in clean
wounds the risk of infection varies with the patient risk
from less than 1 % to 16%.5 We cannot assume, there-
fore, that wound infection Tales after clean operative
procedures are necessarily low.

In a double-blind trial Platt et aI.6 found that peri-
operative antibiotic prophylaxis with cefonicid was use-

fuI in hemiorrhaphy and in certain t)pes of breast sur-
gery,6 but their investigation showed no statistical proof
of benefit at the surgical site. We therefore conducted
a randomized double-blind placebo-controlled study in
patients undergoing clean surgical procedures, strati-
fied by risk of postoperative infection, to determine
whether a preoperative antibiotic reduces postoperative
surgical infection.

METHODS

Starting in April1992 we enrolled patients admitted
to the Queen Elizabeth Hospital Centre, Montreal, for
clean general surgery procedures or for simple elective
cholecystectomy in a study of antibiotic prophylaxis. Pa-
tients in whom prosthetic implantation was planned
were not eligible to participate. The experimental pro-
tocol was approved by the hospital research committee,
and written informed consent was obtained from each
patient before enrollment. Patients were excluded if
they had recently received antibiotic therapy or re-
quired antibiotics, if allergic to penicillin or cephalo-
sporins, if pregnant, or if they refused consent.

Eligible patients were enrolled, and each undelWent
a routine history and physical examination and preop-
erative blood tests including a white blood cell and dif-
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Table l. Characteristics and procedures in patients in low risk group

Antibiotic
(n -313)

Placebo
(n -312)Factor Value

53.5 :t 15
154/159

26.5 :t 4.6
1.937 :t 0.708
61.9 :t 28.5

145
152

16
15
49
82
55
37
75

53.3:!: 14.7

144/168
26.9 :!: 5.2

2.132:!: 1.786
61.4 :!: 32.1

146
159

7

Age (yr)*
Gender (M/F)
Body mass index (kg/m2)*
Blood lymphocytes x 10-9) *

Duration of operation (min)*
ASA score of 1
ASA score of 2
ASA score of 3

Thyroid, head/neck
Breast, axilla

Biliary
Other laparotomy
Vascular
Hernia

47

91
49
32
74

*Mean :: standard deviarion.

Table II. Characteristics and procedures in patients in high risk group

Antibiotic
(n -72)

Placebo
(n -70)Factor Value

73.8 :!: 8.9

35/37
27.5 :!: 6.2

1.780:!: 1.006
77.6:!: 47.8

3
23
46
9
6
24
10
12
11

Age (yr)*
Gender (M/F)
Body mass index (kg/m2)*
Blood 1)'ffiphoC)'tes (xl0-9)*
Duraúon of operaúon (min)*
ASA score of 1
.A.SA score of 2
.A.SA score of 3

Th)'Toid, head/neck
Breast, axilla

Biliary
Other laparotomy
Vascular
Hernia

*Mean = 't2ndard deviaDon.

and 4 to 6 weeks after operaúon. Neither fue operaÚng
surgeon nor fue infecÚon control nurse had any knowl-
edge of fue drug assignments. The final suIVeillance in-
terview was conducted by telephone. Each paúent was
asked a series of quesúons designed to idenúfy any in-
teIVening complicaúon. In addiúon, fue infecúon con-
trol nurse obtained informaúon regarding scheduled or
unscheduled follow-up visits made by fue paúent.

The criteria used for diagnosis of surgical site infec-
Úon were those designated by fue Centers of Disease
Control and Prevenúon.8.9 By fuese criteria superficial
incisional surgical site infecúon was diagnosed when pus
drained from fue wound, when any wound discharge
was associated with local signs ofinflammaúon or a pos-
iúve culture, or when fue surgeon diagnosed a wound
infecúon. Postoperaúve organ-space infecúon was diag-
nosed on invesúgaúon of abdominal pain or rever by

ferential count. Theywere then stratified to high orlow
risk groups by use of the criteria of the National Nosa-
comial Infection SulVeillance system (NNIS).7 This sys-
tem uses three factors, the American Society of Anes-
thesiologists (ASA) score, the presence of contamina-
tion at the operation, and a procedure-related time cut-
point (T-time), to indicate risk of infection. Patients
with fewer than tWo factors present were designated as
low risk and the remainder as high risk.

Low and high risk patients were randomlyassigned
separately by the pharmacist in blocks of four to receive
intravenous cefotaXime (2 gm) or an identically labeled
placebo. The antibiotic was mixed in 100 mI 5%
dextrose in water and was infused rapidly on call for op-
eration. No other antibiotics were permitted.

Mter operation, sulVeillance was performed by the
infection control nurse in hospital and at 1 to 2 weeks
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Fig. 1. Flow chart of patients studied. .vO OP, No operation; PROT WOL, protocol violated.

Wound
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Fig. 2. Cefotaxime versus placero in low and high risk clean operations. MH-RR, Mantel-Haenszel risk ra-
tio.

means of abdominal ultrasonographic examination and
treated by use of open or percutaneous drainage.

Demographic data, information about the surgical
procedure, and the results of the routine preoperative
white blood cell and differential counts were culled
from hospital records. The data were entered along with
surveillance reports into a computerized statistical pack-
age (SPSS Inc., Chicago, 111.) for analysis. Patients were
withdrawn from the study if no operation or a disqual-

ifying operation was performed, if fue protocol was vi-
olated, or if no follow-up was available.

Statistical evaluation was performed with Student's
two-tailed t test to compare continuous variables and
chi.,squared analysis for discontinuous variables. Mter
preliminary tests ofhomogeneitywere performed, Man-
tel-Haenszel methods were used to compute fue odds
ratios and relative risk ratios and 95% confidence inter-
vals.IO A sample size of 800 was calculated to fue give
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80% power and a 35% to 40% reduction in fue overall
risk of infection from fue expected baseline risk of 5%.

cance. Moreover, because th"e trial encompassed a wider
range of general surgery procedures than have been
submitted to double-blind study previously, fuese re-
sults, achieved with a single dose of antibiotic, mar be
important in clinical careo

Do all patients benefit? We failed to find clear ben-
efit in high risk parients, although a trend toward ben-
efit was observed. But fue number of high risk parients
was too small for a definitive answer. We mar, however,
speculate that in high risk patients, host factors that fa-
vor infection mar limit fue value of fue antibiotic. Fur-
ther study of a larger group of high risk parients is war-
ranted, because in this group fue baseline infection rate
at fue surgical site was almost twice that in low risk pa-
tients.

Who benefits most from antibiotic prophylaxis? We
have used NNIS criteria for differentiating low from
high risk patients, because they lend themselves readily
to prospective study. The earlier discriminant derived by
Davidson et al.14 and fue more widely investigated index
(SENIC risk index) defined by Haley et al.5 in fue Study
on fue Efficacy of Nosocomial Infection Control both
require information that can only be obtained retro-
spectively. In fue NNIS system fue simple and somewhat
subjecrively derived ASA score seems to carry fue great-
est weight.15 This is in keeping with our findings. Our
low risk patients as defined by this system had the great-
est gain from fue antibiotic, a 75% reduction in surgi-
cal site infection.

The inclusion ofsimple elective cholecystectomywith
tradicional clean operarions mar be controversial, but it
is well supported by previous studies.16-18 In those
studies both the frequency of infection and fue organ-
isms involved in superficial incisional surgical site infec-
tions after simple elective cholecystectomy were consis-
tent with a skin derived infection, as occurs in clean op-
erations, rather than a visceral source typical ofhigh risk

biliary surgery.

CONCLUSIONS

In this double-blind study of single-dose antibiotic
prophylaxis in nearly 800 patients undergoing clean
surgical operations, we have found a 75% reduction in
surgical site infections in low risk patients as defined by
NNIS criteria. A similar trend but without statistical sig-
nificance was seen in high risk patients. Further study of
fuese patients is suggested; for fue present antibiotic
prophylaxis can certainly be recommended for liase at
low risk.

RESULTS
A total of 775 patients were enrolled. Six hundred

thirty-three were stratified as low risk and 142 as high
risk. By random assignment 316 low risk patients
received antibiotic and 317 the placebo, and 72 high risk
patients received the antibiotic and 70 patients a
placebo. Nine patients were subsequently withdrawn
before treatment and 14 for lack offollow-up, leaving a
total of 750 evaluable patients (Fig. 1). Tables 1 and 11
compare the characteristics of the patient groups.

Surgical site infections developed in three patients
who received the antibiotic and 16 given the placebo
(Mantel-Haenszel risk ratio 0.31; 95% confidence inter-
vals 0.11 to 0.83; p = 0.013). Among low risk patients five

given the antibiotic and 12 treated with the placebo got
surgical site infections (Mantel-Haenszel risk ratio 0.25;
95% confidence intervals 0.07 to 0.87; P = 0.018). A

similar trend was found among high risk cases, but the
result was not statistically significant (risk ratio 0.48;
95% confidence inteI"\'als 0.09 to 2.5; p = 0.35) (Fig. 2).

The calculated odds ratios and their confidence in ter-
vals ",e re almost identical to the risk ratios and confi-
dence intervals.

The main difference in characteristics between low
and high risk patients \\'as in the ASA score (p < 0.0001).
But high risk patients ",e re also older than lo", risk

(71.3:!: 10yearsversus53.4:!: 12years,p< O.OOOI),and
their operative procedures lasted slightly longer than
those of patients at low risk (75.7 :!: 50 minutes versus
61.1 :!: 30 minutes, p< 0..001). In patients given the pla-
cebo, a real increase in infections was se en in high risk
patients (6.1 % versus 3.8%, p< 0.0001).

DISCUSSION

The decision to use prophylactic antibiotics in
nonimplant clean operations involves philosophical
and scientific considerations. Many physicians already
use antibiotics in these circumstances,II,12 and two
recent randomized trials of prophylaxis found reduc-
tions in postoperative wound infections but neither
achieved statistical significance.6, 13 In the present study

we have attempted further scientific evaluation of the
problem. In so doing, we have addressed three ques-
tions.

Do patients benefit from antibiotic prophylaxis be-
fore clean operations? We have found a 70% reduction
in surgical site infection. The infections were nearly all
superficial incisional infections. Most occurred some
time after the patients had been discharged from hos-
pital but produced enough symptoms to affect their re-
covery. This result is consistent with those of previous
randomized studies and is clearly of statistical signifi-
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tering the 2 gm cefotaxime IV before operation? Second, do
you have any estimates of how many patients in the high risk
group it would take to continue your study and show that pa-
tients with antibiotics have a much lower number of wound
infections compared \\;th thosewithoutantibiotics? Howmany
patients would it tlke to make this statistically significant?

Dr.Joseph S. Solomkin (Cincinnati, Ohio). On the basis of
the Platt study, done in a somewhat different patient group,
there has been interest in the pro,;sion of antibiotic prophy-
laxis to patients undergoing clean elective operations. I firrnly
believe the current study supports the ,;ew that it should not
be used.

The first issue has to do with the meaning of the statistics,
which I thought were very nicely presented as confidence in-
ten'als and risk ratios. On the basis of the confidence inten'als
presented, somewhere betWeen tWo and about 15 infections
were prevented in those 300 patients. These are described as
being superficial wound infections. Apparently the benefit to
be gained could be as small as t\\'o patients.

I would also question the use of a third-generation cepha-
losporin, ".hich I think is an important weakness in this partic-
ular study. The particular agent chosen has a short half-life and
also has relatively poor staphylococcal coverage in comparison
\\;th much cheaper drugs such as cefazolin.

The other important issue \\;th the use of tllird-generation
and even second-generation cephalosporins for surgical pro-
ph)iaxis has to do "ith the increasingly important impact they
ha,.e on the acquisition of !?J-Iactamase-mediated resistance
among hospital flora. Given the small number of infections
prevented, I tllink this would be by itself an important reason
not to use this particular regimen. I would therefore ask you
to comment on the reasons for your selection of this agent.

I think the high I;sk group is well defined bv both the SENIC
and the NNIS data. I ".as therefore some\,.hat con cerned that
in the relatively smallnumber of such patients, you saw a low
infection rateo Please comment simply on whether you ulink
this is a sample size problem or whether in fact there are in-
trinsic problems ',;th the definition of high risk.

Dr. Christopher R. McHenry (Cleveland, Ohio). I wanted
to raise one concern about the conclusion that antibiotics are
ofvalue in low risk clean operations. Ifl am interpreting your
data correctly, 82patients underwent choleC)'Stectomy, which

is not a clean but rather a clean-contaminated procedure. Ap-
proximately 15% of patients undergoing choleC)'Stectomy \\;11
have contaminated hile and thus will benefit from antibiotic
prophylaxis with a reduced risk of wound infection. Is your
conclusion accurate given that 82 of the patients who were

considered in your data underwent cholecystectomy?
Dr. John A. Weigelt (St. Paul, Minn.). I am worried that

there are so many confounding issues, some of which have
been discussed, and one that I hope is addressed in the arti-
cle, that is, the duration of the operation. You had a very wide
range of surgical procedures that have very different durations.
Could you convince us that the time was not a major factor in

the outcome of the infections?
Dr. Harry C. Sax (Rochester, N.Y.). I want to expand on Dr.

McHenry's question. How many of these choleC)'Stectomies
were laparoscopic? Where were the infections? Were they at
distant trocar sites or were they at the site where you brought
the gallbladder through and mar have spilled hile and stones?

DISCUSSION
Dr. L. BeatyPemberton (KansasCity, Mo.). Youhavesho\m

us the efficacy of preoperaúve anúbioúcs in a group ofpaúents
with low risk and in clean operaúons. I personallywelcome this
further proof of the value of preoperaúve anúbioúcs if anúbi-

otics are given before incision.
Although the surgical residents that I am in charge ofknow

this information and can pass it on their examinations, they do
seem to have a much lower concern for wound infections than
Ido, perhaps because I come from the age in which we didn't
use preoperaúve anúbioúcs. In any event, I often have to re-
mind them and ask them whether they have given the antibi-
otics in appropriate cases. Maybe this paper wiIl add a little
weight to convince them that wound infections actualIy do oc-
cur when they are the operating surgeon and that they can be

minimized.
I have two quesúons for you. What was the cost of adminis-
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at approximately $18/day or maybe $6.00 for single dose, I
think we are way ahead jf we use prophylaxis. But there are

clearly philosophicaI considerations and considerations of
generation of resistant organisms.

In fue high risk group fue number of patients that we would
have to study is approximately 500.

The choice of cefotaxime was alluded to in my conclusions
but only briefly. Cefotaxime is an antibiotic that we have stud-
ied in fue pasto We have studied its pharmacodynamics in re-
lation to prophylaxis, looking at tissue and mucosal concen-
trations. It was because we had done this that we knew fue an-
tibiotic would last fue 3 hours or so that would be required for
fue operations "'e were studying. It mar not be fue best anti-
biotic. But in the cases that we studied, which were operations
in which there ""as a risk from large numbers of gram-positive
organisms, cefotaxime proved to be a satisfactory antibiotic,
perhaps because ofthe metabolites to which Dr. Wittmann has
referred. But fue purpose of fue present study (and it ""as not
actually supponed by a drug company) ""as reaIly to study fue
principIe of routine prophylaxis rather than fue specific anti-
biotic of choice.

With respect to fue patients who underwent choleC}'Stec-
tomy, there is a notion, which I think comes from an historic
perception rather than from fue study ofpatients, that simple
elective cholecystectomy carnes a significant risk of infection
from organisms in fue hile. This has been disputed severa!
times, and we ourselves have studied, ,,;thout using antibiotic
proph).Jaxis, 500 consecutive patients in whom simple elective
choleC}'Stectomy ""as performed with an infection rate of only
3%. We have examinecÍ this again in a randomized study and
have found infections to be fe", and far betWeen and caused
predominanuy by skin bactel;a.

So I think it is true that after simple elective choleC}'Stectomy,
fue wound infections that you see are more likely to be caused
by skin organisms as in any clean operation rather than by
bile-related organisms.

Dr. Dietmar H. Wittmann (Milwaukee, Wis.). I have two
points to raise. The first has to do with the patient mix, which
indeed is a problem and diminishes the-,oalue of the study.

Unfortunately, in many similar studies ,oarious procedures are
lumped together because it is difficult to enroll a sufficient
number with the same operation to show a significant differ-
ence. So it is difficult to draw conclusions as to the "alue of an
antibiotic for a specific operation, I can conuibute to the issue
because I carried out a prospective, randomized study on 379
patients with a single clean neurosurgical operation compar-
ing single-dose placebo versus single-dose cefamandole. In the
placebo group there were three infections and none in the
an tibiotic group, a significant difference only if one accepts an
error margin of 10%. Comparing the costs spent for antibiot-
ics given for prophylaxis in one group and for treatment in
both groups, however, revealed that expenses in the placebo
group were significantly higher at a 5% error margino

My second remark has to do ,\oith Dr. Solomkin's comment
about the activity of cefotaxime against staphylococci, I re-
cently re,iewed the literature about this issue, and 1 must say
that against current belief this antibiotic has good activit),
against staphylococci. Of more than 900 strains of staph)10-
coccus recently published, more than 90% were sensitive to
cefotaxime at tissue levels. This correlated ,,'ell with the results
of clinical studies.

Dr. I..ewis (closing). Dr. Pemberton, I can't tell you specif-
ically the cost of the antibiotic, but I "ill put that question to-
gether "ith Dr. Solomkin's question about the philosophical
and financial benefit from preventing a fe,,' infections. Clearl)c'.
".hether one elects to use an antibiotic in a clean case does de-
pend on significant philosophical considerations. In this case
"'e probably prevented approximately nine infections, com-
paring the antibiotic group ,,'ith the lo", risk placebo group.
One of these ,,'as a subphrenic abscess.

If one looks at the figures for the cost of e"en a superficial
,,'ound infection and if one considers the cost ofthe antibiotic




