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Which Prophylactic Regimen for Which Surgical

Procedure?

Franco Paradisi, Mp, Giampaolo Corti, MD, Florence, Italy

For optimal prevention of infection subsequent to a
surgical intervention, it is necessary to follow a se-
ries of general principles, including the classifica-
tion of the type of surgical intervention, the charac-
teristics of the antibiotic used, and the route and
the time of its administration. Moreover, with refer-
ence to the different types of surgery, other factors
assume importance: the etiology of the infection
and the ability of the antibiotic to achieve adequate
levels in the tissues at the beginning of the infective
process.

In general abdominal, biliary, and obstetric—
gynecologic surgery, which covers many clean-con-
taminated and contaminated interventions for
which antibiotie prophylaxis has been shown to be
the most effective, the etiology is often mixed (aero-
bic and anaerobic flora) with a predominance of
gram-negative microorganisms. Thus, an appropri-
ate prophylactic regimen must consider a third-
generation cephalosporin, such as cefotaxime, that
is effective against most gram-negative bacteria, in
particular against Klebsiella pneumoniae. Acylure-
ido penicillins can also be used because of their ac-
tivity against enterococci, gram-positive microor-
ganisms that are also causes of infection in this area
of surgical intervention. Combining an antimicro-
bial such as clindamycin or metronidazole, which
are particularly active against anaerobes, may be
recommended as well. :

In urologic surgery, most infections are caused
by Enterobacteriaceae; in addition to the antimi-
crobial spectrum, the ability of the antibiotic to
concentrate adequately in the urine and renal tissue
must also be considered. Beta-lactam antibiotics
are the agents of choice, in particular, third-gener-
ation cephalosporins, aztreonam, and acylureido
penicillins.

In cardiac, orthopedic, and partially in neuro-
logic surgery, where most infections are due to
gram-positive bacteria (primarily methicillin-resis-
tant staphylococci), antibiotic prophylaxis should
include a glycopeptide agent (teicoplanin, vanco-
mycin).

In the field of surgical prophylaxis, more experi-
ence has been accumulated with cefotaxime, used
as a short-course regimen or as a convenient single
dose, than with any other newer cephalosporin. Ce-
fotaxime’s broad spectrum of action provides cov-
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erage against most potential pathogens and, when
used as a single dose, is both convenient and cost-
effective.

In spite of modern aseptic techniques, postsurgical
infections remain a serious problem. Although esti-
mates vary considerably, it is generally accepted that
2-5% of clean interventions and >40% of dirty proce-
dures are complicated by infection [/,2]. When one
considers the number of surgical interventions that take
place in modern medicine, the extent of the conse-
quences of postoperative infections can be easily under-
stood.

The value of antibiotic prophylaxis in the prevention
of postsurgical infections has been known for > 100
years, since Lister performed his first studies. However,
later experiences with surgical prophylaxis suffered from
methodologic flaws that led investigators to conclude
that prophylaxis might not prevent postoperative infec-
tions [3].

In the early 1960s, several important findings altered
our understanding of antimicrobial prophylaxis in sur-
gery. Studies carried out by Burke [4] demonstrated that
the timing of antibiotic administration was crucial to the
outcome. He showed that, prior to bacterial contamina-
tion, adequate tissue concentrations of an antibiotic
were necessary to achieve maximum benefit. In addition,
Chodak and Plaut [5] demonstrated that only 24 of the
131 studies of antibiotic prophylaxis in surgery met their
criteria for adequate design. Since then the number and
quality of studies have increased significantly. On the
basis of these newer studies, it is now generally accepted
that antibiotics are unquestionably effective in prevent-
ing postoperative wound infections, particularly during
clean-contaminated and contaminated procedures.

In this article, we review the general principles
involved in the choice and use of antibiotics to prevent a
range of postsurgical infections.

CRITERIA FOR SELECTION OF ANTIBIOTICS

Despite the consensus regarding the effectiveness of
surgical prophylaxis, a number of issues should be
considered. These include: (a) the classification of the
type of surgical intervention; (b) the characteristics of
the antibiotic; and (c) the route, dose, and time of
antibiotic administration.

Classification of the type of surgical intervention:
On the basis of the expected degree of bacterial contam-
ination, surgeons and hospital epidemiologists have
historically stratified surgical procedures. A widely ac-
cepted classification system was presented by the U.S.
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National Research Council of Medical Sciences in 1964
[], which is outlined in Table I.

Since the use of preoperative antibiotics has become
a standard practice in all types of surgery, this classifica-
tion now has limited practical use. However, it is
interesting to note that, with the introduction of rou-
tinely administered prophylactic antibiotics, the inci-
dence of postoperative infections has dropped dramati-
cally in all surgical categories (Table II) [Z,6].

Characteristics of the antibiotic: Before prescrib-
ing an antibiotic, the surgeon should be familiar with its
microbiologic characteristics (i.e., spectrum of activity,
susceptibility to inactivating enzymes), pharmacokinet-
ics (i.e., elimination half-life, protein binding, elimina-
tion route, tissue diffusion), and clinical behavior (i.e.,
side effects, interaction with other drugs). Optimal
antibiotics should have: (a) a wide spectrum of activity,
including both aerobic and anaerobic microorganisms;
(b) bactericidal action; (c) high tissue diffusion; and (d)
no serious side effects.

Route, dosage, and timing of antibiotic adminis-
tration: In surgical prophylaxis, the preferred route of
administration is the intravenous bolus: this allows high
plasma and tissue levels to be obtained a short time after
administration. It has been demonstrated that lower
plasma peak levels are obtained by intramuscular, intra-
venous, and oral routes. To administer antibiotics orally,
proper functioning of the gastrointestinal tract is essen-
tial, but this might be a problem in patients undergoing
general abdominal surgery.

As we have seen, the timing of the administration is
fundamental. Early studies of the use of antibiotics in
surgical prophylaxis failed to show a reduction in infec-
tion rates because the antibiotics were administered
inappropriately. As early as 1946, Howes [7] noted a
correlation between the amelioration of infection and
the interval from the contamination of the wounds to the
administration of the antibiotics. In 1961 Burke demon-
strated the crucial relationship between the timing of
the administration of an antibiotic and its prophylactic
efficacy in the guinea pig [4]. In early studies, antibiotics
were not usually administered until the patient was in
the recovery room, by which time bacterial contamina-
tion had already occurred. It is now accepted that in the
administration of preoperative antibiotics, care should
be taken to ensure that adequate serum and tissue levels
are present during the surgical procedure.

Considering that wounds can be infected within 34
hours from the surgical intervention, single-dose prophy-
laxis may be considered sufficient when antibiotics with
a prolonged half-life are used. For others, it is necessary
to administer a second dose 6-8 hours after the first dose
and, under certain conditions, even a third dose is
necessary after 16 hours (short-term prophylaxis).

Recent data indicate that single-dose administration
can be given with antibiotics that do not have a particu-
larly long half-life, for example, cefotaxime (in general
abdominal, biliary, and obstetric-gynecologic surgery)
and aztreonam (in urologic surgery). Treatments of a

TABLE I
Classification of Operative Wounds by Level of Bacterial
Contamination [7]

Clean Wound
Elective, primarily closed and undrained
Nontraumatic, uninfected
No inflammation encountered
No break in technique
Respiratory, alimentary, or genitourinary tracts not entered
(e.g., varicocelectomy)
Clean-contaminated Wound
Nontraumatic
Respiratory, alimentary, or genitourinary tracts entered un-
der controlled conditions and without significant spillage
(oropharynx or vagina entered, genitourinary or biliary
tracts entered in the presence of sterile urine or bile)
Minor breaks in technique
Mechanical drainage (e.g., appendectomy, adenotonsillec-
tomy)
Contaminated Wound
Traumatic, open and fresh
Gross spillage from gastrointestinal tract
Genitourinary or biliary tracts entered in the presence of
infected urine or bile
Major breaks in technique
Presence of acute nonpurulent inflammation (e.g., cystec-
tomy with preoperative infected urine)
Dirty Wound
Traumatic, with retained devitalized tissue, foreign bodies,
fecal contamination, detayed treatment, or from a dirty
source
Perforated viscus encountered
Presence of acute purulent inflammation (e.g., bullet
wound)

TABLE I1
Incidence (%) of Postsurgical Infection With and Without
Administration of Prophylactic Antibiotics [1,6]

Classification No Yes
Clean wound 51 0.8
Clean-contaminated wound 10.1 1.3
Contaminated wound 219 10.2

long duration are not recommended because they do not
improve the efficacy of prophylaxis, they are costly, and
they increase bacterial resistance.

Role of cephalosporins in prophylaxis: The third-
generation cephalosporins introduced in the 1980s have
gained clinical acceptance based on their broad antibac-
terial spectrum, favorable pharmacokinetics, and low
incidence of allergic and other side effects. These
cephalosporins have emerged as the drugs of choice for
the majority of surgical procedures.

Cefotaxime, as the first third-generation cephalos-
porin, has a very attractive balance of activity against
gram-positive cocci (in particular, Staphylococcus aureus
and streptococci), gram-negative aerobes (most Enter-
obacteriaceae and Pseudomonadaceae, Haemophilus spe-
cies, Neisseria species) and some anaerobic bacteria.
Cefotaxime is among the first drugs to be studied in
short-course or single-dose prophylaxis regimens.
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The third-generation cephalosporin group of antibi-
otics has a broad spectrum, a very high intrinsic antibac-
terial activity, and a good resistance to B-lactamases, a
characteristic which the semisynthetic penicillins do not
have. Among the cephalosporins, cefotaxime has an
active metabolite, desacetylcefotaxime, which is active
also against anaerobes, a valuable aspect for single-dose
antibiotic prophylaxis. Cefotaxime’s one disadvantage is
its lack of activity against Enterococcus faecalis.

Single-dose cefotaxime obtained the best or compara-
ble results in a number of clinical studies in the field of
surgical prophylaxis when compared with single-dose
cefoperazone, cefoxitin in five successive doses, cefazo-
lin in four doses, and ticarcillin/clavulanic acid in single
dose [8].

Antibiotic prophylaxis by type of procedure:
Presented in this section are the uses of antibiotics in the
following major surgical categories: (a) abdominal sur-
gery, including obstetric-gynecologic and biliary surgery;
(b) urologic surgery; (c) neurosurgery and cardiac sur-
gery; and (d) orthopedic surgery.

ABDOMINAL SURGERY, INCLUDING OBSTETRIC-GYNE-
COLOGIC AND BILIARY SURGERY: Antibiotic prophylaxis
for abdominal procedures has been used since antibiot-
ics became available in the 1940s [9]. Since these early
studies, numerous investigations have attempted to
define the optimal antibiotic, number of doses, risk
factors, and cost-effectiveness of prophylaxis in this field
of surgery.

In terms of microbiology, infections are predomi-
nantly the result of gram-negative aerobes, mainly Es-
cherichia coli, but a significant role (except in biliary
surgery) is also the result of anaerobic microorganisms,
particularly the Bacteroides species.

Cefotaxime’s broad spectrum and high bactericidal
activity against gram-negative anaerobes plus the activ-
ity of its metabolite, desacetylcefotaxime (which is active
against gram-negative anaerobes in general and Bacte-
roides fragilis in particular) make cefotaxime ideally
suited for use in prophylaxis in this area of surgical
intervention. In a study including patients undergoing
general abdominal, biliary, and obstetric-gynecologic
procedures, single-dose cefotaxime was as effective as
single-dose cefoperazone and ticarcillin/clavulanic acid
or multiple-dose cefoxitin and cefazolin [8]. Regarding
biliary surgery, the lower concentration of cefotaxime in
bile is compensated by its broad spectrum and high
intrinsic antibacterial activity.

UROLOGIC SURGERY: One of the earliest attempts to
use antibiotic prophylaxis during a urologic procedure
was in 1938 [10]. Since then numerous trials have been
carried out, most with conflicting results. Many trials
have attempted to define the risk factors that predispose
a patient to postoperative infection. These include: (a)
duration, extent, and type of surgery; (b) duration of
catheterization; (c) presence of neurogenic bladder or
serious underlying diseases; and (d) treatment with
immunosuppressive agents [11].

The most commonly isolated pathogens are Enter-

obacteriaceae (in particular E. coli, but also Proteus, and
bacilli of the Klebsiella—Enterobacter-Serratia group) and
Pseudomonadaceae. A much less frequent cause of
infection are from gram-positive cocci, mainly staphylo-
cocci and enterococci.

Early studies suggested that multiple-dose regimens
favored the development of resistant strains [/2]. This
phenomenon is less likely to occur with short-term or
single-dose prophylaxis with a B-lactam antibiotic.

As previously discussed, single-dose antibiotic prophy-
laxis with a third-generation cephalosporin, such as
cefotaxime, is effective. Two studies with aztreonam
(active only against gram-negative bacilli) have shown
that this antibiotic is also effective in preventing infec-
tion following urologic surgery; and like cefotaxime it is
effective in a single-dose regimen, with both antibiotics
having good tolerability profiles [13,14].

NEUROLOGIC SURGERY AND CARDIAC SURGERY: The
search for optimal antibiotic prophylactic regimens for
neurologic surgery has been intense because wound
infection after surgery may be associated with severe
processes (meningitis, cerebritis, or brain abscess). On
the other hand, antibiotic prophylaxis in cardiac surgery
has become a controversial issue only since open-heart
procedures increased infection (mainly endocarditis)
rates from 3.5% to 22% [15].

Postoperative infections in both fields of surgery are
caused predominantly by gram-positive microorganisms.
In a review of many well-conducted studies in neurologic
surgery, S. aureus accounted for 49%, Staphylococcus
epidermidis for 28% of the isolates, and the remainder
were gram-negative bacilli (8%) and mixed infections,
including anaerobes [I6]. An important cause of infec-
tion in cardiac surgery is methicillin-resistant S. epider-
midis [17].

Given the almost exclusively monomorphic etiology
of infection in these procedures, glycopeptide agents
appear to be suitable for prophylaxis. The most recent of
these, teicoplanin, is of particular interest because it is
less toxic and can be administered in a single-dose
regimen.

In neurologic procedures, where the etiology is
slightly more varied than in cardiac surgery, a third-
generation cephalosporin, such as cefotaxime, which
crosses the blood-brain barrier and reaches effective
concentrations in the cerebrospinal fluid, would be
appropriate as well.

Orthopedic surgery: The use of antibiotic prophy-
laxis in orthopedic surgery also has been the cause of
much controversy and debate since Jensen et al [18] in
1939 demonstrated that the use of topical sulfonamides
reduced the incidence of postoperative wound infection
from 27% to 5% after reduction of open fractures.

The most important microorganisms in the etiology
of orthopedic infections are staphylococci (mainly, S.
aureus), which are responsible for approximately 90% of
cases; the remainder can be attributed to gram-negative
rods.

There is evidence from controlled studies that antibi-

48 THE AMERICAN JOURNAL OF SURGERY VOLUME 164 NO. 4A (SUPPL) OCTOBER 1992




SURGICAL PROPHYLAXIS: BASIC PRINCIPLES

otic prophylaxis is valuable during orthopedic surgery
involving reduction of open fractures and the insertion
of hardware. In addition, both short- and long-term
regimens have been shown to be equally effective. In
particular, a recent study with the administration of
single-dose teicoplanin in prosthetic joint implantation
surgery showed encouraging results in preventing post-
surgical infections [19]. Single-dose prophylaxis with
glycopeptides appears to be the best choice.

For short orthopedic surgical procedures in selected
cases, an alternative would also favor the use of cefo-
taxime. Jones et al [8] reported that single-dose cefo-
taxime was at least as effective as single-dose cefopera-
zone and ticarcillin/clavulanic acid or multiple-dose
cefoxitin and cefazolin. Single-dose prophylaxis with
cefotaxime appears to be effective for short orthopedic
surgical procedures, which has obvious benefits in reduc-
ing costs.

CONCLUSION

From the data presented, it can be concluded that
antibiotic prophylaxis is effective in minimizing peri-
operative infectious morbidity and associated costs. In
our opinion, with regard to procedures where gram-
positive microorganisms (primarily staphylococci) are
prevalent, antimicrobial prophylaxis should include a
glycopeptide agent.

For the majority of surgical procedures, particularly
in general abdominal, biliary, obstetric-gynecologic and
urologic surgery, and only partly in orthopedic surgery,
third-generation cephalosporins have emerged as the
drugs of choice. This is based on their broad antibacte-
rial spectrum, favorable pharmacokinetics, and low inci-
dence of allergic and other side effects. As the first
third-generation cephalosporin, single-dose cefotaxime
has been shown to be effective, has a good tolerability
profile, has a low emergence of bacterial resistance, and
is cost-effective.
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