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I. Overview

Prophylactic intravenous antibiotics should be routinely
administered to patients undergoing cardiac surgery.
Although this is a well-accepted tenet of contemporary
practice, the duration during which the antibiotics should
be given is far from settled. As one may see from the
studies discussed as follows, in the field of cardiac
surgery there is wide variation in prophylactic antibiotic
duration (PAD) across the United States as well as other
countries.

In other surgical specialties, there seems to be little
debate regarding PAD. However, in cardiac surgery there
are several factors that contribute to the divergence of
practice patterns: (1) The question of optimum duration
has not been adequately explored with identical antibi-
otic regimens administered to groups differing only in
the duration of prophylaxis; (2) surgical-site infections
have been low during the years, implying that present
practice is effective and need not be changed; and (3)
there has been only a vaguely perceived downside to
aggressive, prolonged prophylaxis.

However today there is mounting evidence of impor-
tant disadvantages to prolonged prophylaxis. Emerging
antibiotic resistance was once regarded as an ill-defined
notion that received only passing notice [1, 2]. There is
now considerable evidence that this problem is: (1) real,
(2) clinically important, and (3) directly linked to the
duration of prophylactic antibiotic administration. This
fact alone is enough to prompt a reassessment of our
practice, but in addition we now face the introduction of
quality metrics linked to third party pay for performance
initiatives [3]. In virtually all of these pay for performance
programs, the duration of prophylactic antibiotics will be
used as a quality metric. For example, one of the quality
measures used in a demonstration project sponsored by
the Center for Medicare and Medicaid Services specifies
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that prophylactic antibiotics in cardiac surgery should be
administered for no more than 24 hours.

Organization and Scope of the Practice Guidelines

The principles of antibiotic prophylaxis are based on (1)
the choice of the antimicrobial agent; (2) the timing of the
first administered dose, and (3) the duration of the
prophylactic regimen.

The Society of Thoracic Surgeons’ guideline for antibi-
otic prophylaxis in cardiac surgery will consist of two
parts. Because duration is the most controversial of the
three principles previously listed, it will be addressed in
the first guideline. Part 2 will focus on the choice of
antibiotic agent and the timing of the first dose to be used
in cardiac surgery.

Both guidelines will address the adult cardiac surgery
population. In order to concentrate on the most appro-
priate and reasonably homogeneous population, the fol-
lowing patients are excluded from the analysis: patients
with active preoperative infections, those undergoing
cardiac transplantation, patients on immunosuppressive
therapy, and those having aortic replacement surgery.
Because of the paucity of published information regard-
ing prophylaxis in off-pump cardiac surgery, this popu-
lation will not be included.

The guidelines will cover the use of perioperative
intravenous antibiotics used in prophylaxis. The use of
topical agents such as nasal antimicrobial applications
will not be considered. The writing committee fully
recognizes the potential impact of mechanical aspects
and medical management other than antibiotics, but
factors such as glycemic control, use of internal mam-
mary arteries, use of bone wax, and patient preparation
techniques are beyond the scope of this guideline.

The spectrum of cardiac surgery has changed consid-
erably in the past 2 decades. There is ample evidence that
cardiac surgery patients of today are older and generally
have higher risk factors with more pronounced comorbid
conditions. Because of this well-recognized fact, only
very few reports published more than 20 years ago will
be used in the analysis.

The guidelines will consider surgical-site infections
(SSI) as the primary outcome to be examined. Postoper-
ative infectious complications not involving the surgical
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site, such as pneumonia, bacteremia, or urinary tract
infection are not addressed. As seen as described as
follows, many reports group both soft-tissue sternal in-
fections and suppurative mediastinitis together as surgi-
cal-site infections. The writing committee has made a
concerted effort to separate superficial soft-tissue infec-
tions from mediastinitis whenever possible.

Unique Aspects of Cardiac Surgery

There is general consensus that postoperative prophylac-
tic antibiotics should be stopped within 24 hours of most
major surgical procedures [4-9].

However, results of studies on the general surgical
population do not directly apply to cardiac surgery. The
most obvious reason is the fact that cardiopulmonary
bypass is used in cardiac surgery. The pump itself is
associated with a broad array of adverse physiologic
sequelae that predispose cardiac surgery patients to
infectious complications. Cardiopulmonary bypass is
known to compromise humoral immunologic defenses,
reduce phagocytosis, and activate white blood cells, all of
which impair the ability to neutralize infectious organ-
isms. The often-used systemic hypothermia is associated
with increased SSI [7, 9, 10] and the degradation of
clotting factors predisposes postoperative bleeding,
which is also recognized as a risk factor for postoperative
infection [11].

The length of a surgical procedure is also generally
correlated with the risk of postoperative infection [7, 12].
Cardiac surgical procedures routinely require 3 to 4
hours for completion, thereby placing patients at in-
creased infectious risk. In addition, cardiac surgery pa-
tients invariably leave the operating room with indwell-
ing chest catheters that have the potential to serve as
external routes for bacterial entry.

Probably the most compelling, unique aspect of car-
diac surgery is the specter of suppurative mediastinitis.
Postoperative mediastinitis carries a very high hospital
mortality [13-15] and is also associated with reduced
long-term survival [13]. This complication invariably in-
volves an additional operation, a prolonged hospitaliza-
tion, a significant toll in clinical resources, and dramati-
cally increased costs. Anyone who has provided care for
a patient with mediastinitis also knows well the emo-
tional cost not only for the patient but also for the family,
the nursing staff, and the surgeons. Truly one of the most
devastating infections in all of surgery, this dreaded
complication influences the perioperative management
strategy of virtually all cardiothoracic surgeons.

The Central Issue

All surgeons, regardless of specialty, want to minimize
the possibility of postoperative infection. Because of the
adverse sequelae of the pump and the high cost of
mediastinitis, cardiac surgeons rightly consider their pa-
tients to be at particularly high risk. It is therefore logical
and appropriate to be exceptionally aggressive in mini-
mizing this risk.

One approach has been to adopt a policy in which the
duration of antibiotic prophylaxis lasts several postoper-

Ann Thorac Surg
2006;81:397-404

ative days. A common approach involves the use of
antibiotics until all chest tubes and central intravenous
lines are removed [6, 16, 17].

The downside to this approach is the fact that pro-
longed administration of antibiotics carries the certainty
of increased cost, the prospect of drug toxicity, and the
distinct possibility of creating an environment favorable
to the development of resistant bacterial strains. Super-
infection, particularly with Clostridium difficile, is asso-
ciated with prolonged cephalosporin administration [18,
19] and must also be taken into account. Of these, the
issue of bacterial resistance is the most compelling
consideration.

The central issue then involves the balance between
the risk of SSI and the risk of developing resistant
bacterial organisms. Several questions must be ad-
dressed in order to objectively analyze this central issue:

1. Does the duration of antibiotic prophylaxis influ-
ence the probability of developing antibiotic-resis-
tant bacteria?

2. If so, at what postoperative time does this become
clinically significant?

3. Does the duration of antibiotic prophylaxis influ-
ence the incidence of SSI?

4. If so, at what postoperative time does this become
clinically significant?

II. Antimicrobial Resistance

In the context of cardiac surgery, antimicrobial resistance
essentially refers to the development of cephalosporin-
resistant enterobacteriaceae and vancomycin-resistant
enterococci [16, 20]. The threat of resistant staphylococci
is related to vancomycin-resistant enterococci and may
be associated with significant infectious complications
[20].

In the last 2 decades, the incidence of antimicrobial-
resistant organisms has increased considerably [20, 21].
The Centers for Disease Control and Prevention reports
that intensive care unit vancomycin-resistant enterococci
has increased in the United States from 0.3% in 1989 to
greater than 25% in 1999 [2, 22]. Although several factors,
including patient age [20], may play a role in the devel-
opment of antimicrobial resistance, there is universal
agreement that excessive antibiotic usage is one of the
most important causes [8, 16, 20, 21, 23-26].

The clinical sequelae of resistant organisms are quite
serious. Patients infected with antibiotic-resistant bacte-
ria experience higher mortality, prolonged hospitaliza-
tion, and increased health care costs compared with
those infected with nonresistant organisms [21, 27]. In
spite of the documented increase in antibiotic resistance
and the recognition of clinical consequences, there is a
distinct tendency to consider the problem to be only a
minor inconvenience [1, 2]. Further evidence for this lies
in the fact that a literature search of the two major United
States cardiothoracic surgery journals failed to find any
articles addressing antibiotic resistance in the last 2
decades.
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It is clear that antibiotic resistance is a progressive
problem with serious clinical implications. It is less clear
that the problem is directly linked to prolonged use of
prophylactic antibiotics in cardiac surgery. Harbarth and
colleagues [16] specifically explored this relationship in
an observational study of 2,641 patients undergoing cor-
onary artery bypass grafting (CABG). His group found
that antibiotic prophylaxis for more than 48 hours in-
creased antimicrobial resistance. Specifically, patients
receiving greater than 48 hours of antibiotics had a 1.6
times higher probability of harboring resistant organisms
compared with those having a regimen of less than 48
hours. The criteria for selecting which patients to un-
dergo culture were not mentioned. Only 41% of patients
were cultured, and the site from which the culture was
taken was not specified.

Several general studies have suggested some correla-
tion between the prolonged use of postoperative antimi-
crobial prophylaxis and the development of resistance
[24, 26, 28]. Unfortunately these reports are not controlled
for specific postoperative time and there is a wide vari-
ation in the antibiotics used. Nevertheless there is univer-
sal agreement that the longer the duration of an antibiotic
regimen, the greater the probability of developing resistant
microorganisms [2, 9, 11, 12, 16, 20, 23-26, 28].

The implications for cardiac surgery are not straight-
forward. Other than the Harbarth and colleagues study
[16], there is no evidence directly linking duration of
prophylactic antibiotics in cardiac surgery to antibiotic
resistance. There is no scientific evidence that prophylac-
tic antibiotics used for less than 48 hours after cardiac
surgery are associated with the development of antibiotic
resistance. We believe that there are no studies specifi-
cally addressing the issue of resistance in the first 24
hours after cardiac surgery.

Table 1. Single-Dose Studies
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However, the fact that the issue has not been specifi-
cally studied is not a license to disregard the problem.
The position of cardiac surgeons seems to be precisely
stated in a well-respected surgical text endorsed by the
American College of Surgeons [11]: “Complications of
antibiotic prophylaxis are few. Although data linking
prophylaxis to the development of resistant organisms
are meager, resistant microbes have been developed in
every other situation in which antibiotics are utilized, and
it is reasonable to expect that prophylaxis in any ecosys-
tem will have the same result, particularly if selection of
patients is poor, if prophylaxis lasts too long, or if too
many late-generation agents are used.”

CONCLUSION. The duration of a prophylactic antibiotic
regimen is directly related to the probability of develop-
ing resistant microorganisms.

OPTIMAL PRACTICE. The duration of a prophylactic antibiotic
regimen is limited to the shortest amount of time re-
quired to effectively minimize the probability of postop-
erative infection (class Ila, level B).

III. Surgical Site Infection

Recent studies show that the incidence of deep sternal
infections associated with cardiac surgery ranges be-
tween 0.25% and 4% [13, 17, 29-31]. The Society of
Thoracic Surgeons National Cardiac Surgery Database
reported an incidence of 0.4% in 2002 [31]. Superficial
sternal wound infections are seen in approximately 2% to
6% of patients after cardiac surgery [30-33]. It should be
emphasized that even superficial infections are associ-
ated with prolonged patient care, increased costs, and
reduced patient satisfaction [30].

Single-Dose

Multiple-Dose

Surgical Site Surgical Site Significant
Infections Infections Difference
Author Country Date Number RCT Agent (%)* Agent (%)? Duration  in SSI
Bucknell and Australia 2000 353 No Cephazolin 1.0 Cephazolin 0.7 48 Hours No
colleagues [43]
Saginur and Canada 2000 3027 Yes Teicoplanin 2.0 Cefazolin 1.2 48 Hours Yes
colleagues [38]
Salminen and Finland 1999 200 No Ceftriaxone 4 Vancomycin 5 48 Hours No
colleagues [37]
Kriaras and Italy 1997 1009  Yes Cefuroxime 0.6 Amoxycillin 1.0 4 Days No
colleagues [36]
Nooyen and Netherlands 1994 844  Yes Cefuroxime 1.9 Cefuroxime 0.9 72 Hours No
colleagues [42]
Sisto and Finland 1994 551 Yes Ceftriaxone 2.9 Cefuroxime 2.9 48 Hours No
colleagues [39]
Hall and Australia 1993 1031 No Ceftriaxone 2.7 Flucloxacillin 1.6 48 Hours No
colleagues [40] gentamycin
Beam and United 1984 94 Yes Ceftriaxone 4.1 Cefazolin 22 48 Hours No
colleagues [41] States

? Surgical site infections refers to the incidence of sternal infections, including mediastinitis and superficial sternal wound infections.
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The devastating sequelae of mediastinitis are well
recognized by all cardiothoracic surgeons. The in-
hospital mortality associated with mediastinitis ranges
from 7% to 20% [5, 14, 15], and the mortality in patients
with superficial sternotomy infections may be in excess of
5% [30]. In addition to the high hospital mortality from
mediastinitis, there is a residual increase in long-term
mortality in those having had mediastinitis [5, 32].

Overview of Studies

Most studies purport to show that the duration of anti-
biotic prophylaxis does not significantly influence the
incidence of SSI. There is a common thread of logic
among these studies that because the duration does not
influence SSI, then short durations should be chosen
over longer ones.

Unfortunately even the randomized studies almost
invariably are poorly controlled to specifically examine
the issue of duration. In those reports specifically ad-
dressing PAD, there are often confounding factors such
as the use of different antibiotics in each arm of the study.
These factors may obscure the results and make it diffi-
cult to draw meaningful conclusions about PAD.

Single-Dose Studies

In other surgical specialties, there is evidence that a
single dose of prophylactic antibiotic is sufficient to
optimally reduce SSI [4, 7-9, 34-36]. This has led to
several investigations involving the use of a single pro-
phylactic dose in cardiac surgery.

Table 1 shows the most salient features of important
single-dose reports published in the last 20 years.

The studies by Salminen and colleagues [37], Saginur
and colleagues [38], Sisto and colleagues [39], Hall and
colleagues [40], Beam and colleagues [41] and Kriaras and
colleagues [36] all involve at least one antibiotic in the
multiple-dose arm that was different from the antibiotic
used in the single-dose arm. This fact alone disallows a
meaningful comparison based solely on PAD. With this
type of study design, one simply cannot determine
whether the specific antibiotic, the duration, or both
account for the observed SSI incidence.

In the Netherlands prospective randomized trial by
Nooyen and colleagues [42], the population was re-
stricted to “uncomplicated” procedures. Prolonged post-
operative ventilation, use of an intraaortic balloon pump,
an operation of greater than 6 hours, and “severe nonin-
fectious complications” were criteria for exclusion. As
acknowledged by the authors, the analysis of SSI was
underpowered. The sternal wound was examined on the
postoperative day 7, but not thereafter. This is a signifi-
cant design flaw, because sternal infections are well-
known to become manifest after discharge [33] and more
than 2 weeks postoperatively [12, 16].

It is worthwhile to consider the fact that mediastinitis
occurred in 2 patients in the single-dose group and none
of the patients in the multiple-dose group. In the patients
with mediastinitis, there existed a 7% to 20% risk of
death, the certainty of another major operation, an addi-
tional 1 to 2 weeks hospitalization, a significantly reduced
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long-term survival, and additional medical costs of at
least $20,000. The cost of the additional 3 days of prophy-
laxis is less than $20, a negligible risk of drug toxicity, and
a remote chance of developing resistant strains. One
certainly cannot say with authority that additional pro-
phylaxis would have prevented the cases of mediastinitis,
but weighing the relative risks of each prophylactic
option does illustrate the undeniable clinical nature of
the problem.

In the Australian prospective nonrandomized trial by
Bucknell and colleagues [43], patients considered to be
“at high risk from methicillin-resistant Staphylococcus
aureus” received teicoplanin and timentin prophylaxis.
Twenty-six percent of the single dose group received
teicoplanin and timentin compared with only 8.6% of the
multiple-dose group. The study, consisting of only 353
patients, was underpowered. In addition, teicoplanin has
poor sternal penetration and a relatively slow onset of
action, thereby making it a suboptimal prophylactic
agent.

Randomized Studies

In addition to the randomized studies dealing with sin-
gle-dose prophylaxis, there are several prospective ran-
domized studies dealing generally with other PAD
intervals.

Three randomized studies from the 1980s examined
PAD. In 1983, Hillis and colleagues [44] randomized 160
CABG patients to receive either a 48-hour course of
kanamycin and cephalothin or the same regimen fol-
lowed by 3 days of oral cephalexin. There was no differ-
ence in SSI between the groups. Geroulanos and col-
leagues [45] compared a 2-day course of cefuroxime
against a 4-day course of cefazolin in 569 randomized
patients undergoing cardiac surgery in Switzerland.
There was no statistically significant difference between
infectious complications in the two groups. In 1988,
Jewell and colleagues [46] randomized 200 CABG pa-
tients into a group receiving 48 hours of intravenous
cephalothin or a group receiving 3 days of oral cepha-
lexin, finding no difference in infectious outcomes.

In a 1997 randomized study from Switzerland, Nieder-
hauser and colleagues [47] examined a high-risk group of
53 cardiac surgery patients. All patients received 24 hours
of cefazolin prophylaxis. The study population received
an additional 2 days of ticarcillin and clavulanate and
also vancomycin until removal of the intraaortic balloon
pump. In this very select population there was no advan-
tage to providing more than the 24 hours of cefazolin.

In 2002, Finkelstein and colleagues [48] reported on a
group of patients undergoing cardiac surgery in an Israeli
hospital with a high prevalence of methicillin-resistant
staphylococcal infections. Patients were randomly as-
signed to receive 24 hours of vancomycin or 24 hours of
cefazolin. There was no significant difference in the
outcomes of the groups. This study is most notable for
the 1.6% rate of major sternal complications seen in the
cefazolin group, indicating that the 24-hour cefazolin
regimen produced very acceptable infection rates in this
high-risk population.
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Once again however, it is difficult to draw conclusions
regarding PAD, primarily because of the differing antibi-
otic regimens used in these trials.

Nonrandomized Studies

In 2000, Harbarth and colleagues [16] published an ob-
servational study of 2,641 patients undergoing CABG or
valve surgery or both in Boston. Patients were divided
into two groups depending on PAD. The short prophy-
laxis group received antibiotics for less than 48 hours,
and the prolonged prophylaxis group received antibiotics
for greater than 48 hours. Antibiotics consisted of “prin-
cipally cefazolin 1 g in some cases vancomycin 1 g,
ceftriaxone 1 g, or a combination of these agents” [16].
Surgeons were encouraged to administer prophylactic
antibiotics for no more than 48 hours, but 1,139 (43%) of
the 2,641 patients received more than 48 hours of pro-
phylactic antibiotics.

There was no statistically significant difference in SSI
between the groups in both an unadjusted and a risk-
adjusted anaylsis. SSI were seen in 8.7% of the short PAD
group and in 8.8% of the long PAD group. The incidence
of mediastinitis was not reported. There was no mention

Table 2. Guideline Recommendations for Cardiothoracic Surgery

WORKFORCE REPORT EDWARDS ET AL 401
ANTIBIOTIC PROPHYLAXIS GUIDELINE

of a difference in mortality or length of stay in the two
groups.

The authors conclude that the maximum clinical ben-
efit of prophylaxis is realized by 48 hours, and the
administration of antibiotics for more than 48 hours is
ineffective in further reducing SSI. Their statement could
be defended if the choice of antibiotics had been identical
in the two groups, but the differing antibiotic regimen
does not allow one to isolate duration as the only differ-
ence in the groups. Furthermore the choice of continuing
antibiotics for more than 48 hours could well have been
influenced by the surgeon’s judgment that the patient
was at high risk for SSI. If that were the case then the
prolonged PAD group would be at higher infectious risk
than the short PAD group. Because PAD was not con-
trolled, it is not possible to rule out biased patient
selection in the two groups.

Multicenter Reviews and Meta-Analyses

In 1991, Ariano and Zhanel [12] published an extensive
review of antimicrobial prophylaxis in CABG surgery. In
this review he noted many of the problems associated
with published reports. Inconsistency in definitions, in-

Guideline

Recommendation

Comment

Sanford Guide [6]
1-2 days

Surgical Infection Prevention Project [5]

ACC/AHA 2004 Guideline Update for Coronary Cephalosporin class of
antimicrobials

Artery Bypass Surgery [56]

American Society of Health-System
Pharmacists Commission on Therapeutics [4]

Centers for Disease Control and Prevention [7]

Cefazolin or cefuroxime for
< 24 hours

Cefazolin for up to 72 hours

Cefazolin as a single dose or for  Single injection just before surgery probably

just as effective as multiple doses. For
prosthetic heart valves, customary to stop
prophylaxis either after removal of
retrosternal drainage catheters or just a
second dose after coming off bypass.

The consensus of the workgroup is that
administration of prophylaxis for < 24
hours is acceptable and that there is no
evidence that providing antimicrobials for
longer periods will reduce surgical site
infection rates. Pending a systematic
review of the literature by its Committee
on Evidence-Based Medicine, the Society
of Thoracic Surgeons currently
recommends that antimicrobial
prophylaxis be continued for 24-48 hours.

Data suggest that a 1-day course of
intravenous antimicrobials is as efficacious
as the traditional 48-hour (or longer)
regimen.

The duration is based on consensus of the
expert panel because the data do not
delineate the optimal duration of
prophylaxis. Prophylaxis for 24 hours or
less may be appropriate for cardiothoracic
procedures.

No specific recommendation for

cardiac surgery

Surgical Infection Society [8]

Infectious Diseases Society of America [55]

Cefazolin for 48 hours

Although recent trends in other settings
favor only intraoperative coverage, the
data are not yet conclusive for patients
undergoing cardiac operations.

No specific recommendation for =~ The optimal duration of prophylaxis for
cardiac surgery

cardiac operations is still being debated,
and many investigators believe that
longer durations are needed.

o
=
o
53]
Z
<
-
=
m
Q
2
p=




=
0
0
oz!
g
B
>
4
i
o
c
@

402 WORKFORCE REPORT EDWARDS ET AL
ANTIBIOTIC PROPHYLAXIS GUIDELINE

appropriate length of follow-up (both too short and too
long), and the wide variation in independent variables
contributed to the difficulty in evaluating the literature.
After a critical analysis of major trials, the authors rec-
ommended the use of cefazolin for the first 2 postopera-
tive days.

Kreter and Woods [49] recently reported a meta-
analysis of clinical trials in cardiothoracic surgery. The
article was published in 2000 and covered trials from the
previous 30 years. As anticipated, the analysis demon-
strated a clear benefit for the use of prophylactic antibi-
otics, with a five-fold reduction in SSI when prophylaxis
was used. The issue of PAD was examined, but firm
recommendations were not offered. The authors did
conclude that there was no clinical advantage associated
with administration of prophylactic antibiotics for more
than 48 hours.

Kriaras and colleagues [50] sought to specifically study
the optimal duration of prophylactic antibiotics in cardio-
vascular surgery. In this analysis the authors focused on
four prospective, randomized controlled trials between
1980 and 1995. A meta-analysis of the trials included
seven prophylactic regimens used in 2,970 cardiovascular
surgery patients. The authors conclude that “if a cepha-
losporin is administered properly at the induction of
anesthesia, a low infection rate occurs that cannot be
lowered by longer duration of antimicrobial administra-
tion” [50]. One should note that this conclusion was
drawn from four trials, three of which took place in the
1980s. The experience involved seven prophylaxis proto-
cols, five different antibiotics, and antibiotic durations of
1, 2, and 4 days in addition to a single-dose arm. The
inability to effectively control for this wide array of
variables makes it difficult to accept the conclusions
drawn by the authors.

Existing Guidelines

Table 2 lists some important contemporary guidelines
along with recommendations and comments taken di-
rectly from the guidelines. As one can see at a glance, the
guidelines have inconsistent recommendations. None of
the guidelines specifically recommend single-dose pro-
phylaxis, although the Sanford Guide [6] notes that it is
“probably just as effective” as multiple doses. Several
guidelines suggest the appropriateness of less than 24
hours duration, but each stops short of making a firm
recommendation to that effect.

Bringing the Information Together

There are numerous reasons for the difficulty in recon-
ciling issues associated with prophylactic antibiotic du-
ration in cardiac surgery. There are very few randomized,
controlled studies, and there are no studies which are
both randomized and well-controlled for PAD. Few trials
focus specifically on PAD. Of the few that do, the 24-hour
to 48-hour interval is not covered. Even with the exis-
tence of ample practice guidelines, definitions are often
not consistent between reports. Importantly, risk stratifi-
cation techniques are seldom used. It is well-recognized
that all cardiac surgery patients do not carry the same
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risk of infectious complications, but in spite of several
risk-adjustment algorithms [51-54], stratification is sel-
dom used.

Does this mean that the issue is too ill-defined to draw
conclusions? Some authorities believe this is the case. The
practice guideline of the American Society of Health-
System Pharmacists [4] states: “the duration of antibiotic
prophylaxis in cardiac surgery is based on consensus of the
expert panel because the data do not delineate the optimal
duration of prophylaxis.” Others [43] have recently stated:
“there is no consensus about the type of antibiotic prophy-
laxis, whether a single agent or a combination should be
used, or the duration of administration.”

The writing committee considers this degree of nihil-
ism unwarranted. It appears possible to draw several
well-reasoned conclusions from the evidence as follows:

1. Chest Tubes and Antibiotic Prophylaxis

Some centers continue antibiotic prophylaxis until chest
tubes are removed [16]. The writing committee found no
scientific evidence that this practice provides enhanced
protection against infectious complications. To the con-
trary, there is uniform agreement that this policy should
not be followed [4, 24, 55].

CONCLUSION. The duration of antibiotic prophylaxis
should not be dependent on indwelling catheters of any

type.

OPTIMAL PRACTICE. Decisions regarding the continuation of
antibiotic prophylaxis are not guided by the presence of
indwelling catheters (class Ila, level C).

2. Single-Dose Prophylaxis

In the DiPiro and colleagues [34] review of single-dose
antibiotics in surgery the authors concluded that “for
open heart operations or those in which prosthetic ma-
terials are implanted, the value of single-dose regimens
has not been established.” The 1993 guideline of the
Surgical Infection Society [8] states: “although recent
trends in other settings favor only intraoperative cover-
age, the data are not yet conclusive for patients under-
going cardiac operations.” After careful examination of
the evidence, the writing committee is in agreement with
these statements.

CONCLUSION. Single dose antibiotic prophylaxis may be
effective in cardiac surgery, but there are inconclusive
data to confirm this effectiveness. There is insufficient
evidence to recommend routine use of single-dose pro-
phylaxis in cardiac surgery.

OPTIMAL PRACTICE. Single-dose prophylaxis is used in cir-
cumstances the surgeon considers optimal for patient
care (class IIa, level B).

3. Prophylaxis for 48 Hours

There is no scientific evidence that prophylactic antibiot-
ics used for less than 48 hours after cardiac surgery are
associated with development of antibiotic resistance.
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There is minimal information regarding the development
of resistance in the period immediately beyond 48 hours,
but there is no doubt that resistance increases as the
duration of the antibiotic regimen increases.

CONCLUSION. Antibiotic prophylaxis of as great as 48-hours
duration is unlikely to produce antibiotic resistance.

Three randomized studies report acceptable infectious
outcomes using a 48-hour period of prophylaxis [44—-46].
It is noteworthy that with the exception of the Sisto and
colleagues [39] report, all the 48-hour regimens associ-
ated with single-dose trials produced clinically accept-
able infectious rates (see Table 1). In a detailed review of
major trials [12], antibiotic prophylaxis was recom-
mended for the first 2 postoperative days. The Surgical
Infection Society [8] recommends prophylaxis for 48
hours.

CONCLUSION. Antibiotic prophylaxis of 48 hours duration is
clinically effective in minimizing infectious complications
in cardiac surgery.

The meta-analysis by Kreter and Woods [49] and the
recent study by Harbarth and colleagues [16] concluded
that there was no clinical advantage associated with
administration of prophylactic antibiotics for more than
48 hours.

CONCLUSION. Antibiotic prophylaxis of 48 hours duration
may be as effective as prophylaxis administered for
longer than 48 hours.

In the review by Ariano and Zhanel [12], the authors
conclude: “there are not enough data at this time to
recommend less than 2 days of antimicrobial prophylaxis
for this type of surgery.” The writing committee is in
agreement with this statement.

Summary Conclusions

There is evidence indicating that antibiotic prophylaxis of
48-hours duration is effective. There is some evidence
that single-dose prophylaxis or 24-hour prophylaxis may
be as effective as 48-hour prophylaxis, but additional
studies are necessary before confirming the effectiveness
of prophylaxis lasting less than 48 hours. There is no
evidence that prophylaxis administered for longer than
48 hours is more effective than a 48-hour regimen.

OPTIMAL PRACTICE. Postoperative prophylactic antibiotics
are given for 48 hours or less (class IIa, level B).
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Appendix

Classification of Recommendations

Class I

Class II

Class III

Conditions for which there is evidence
or general agreement, or both, that
a given procedure is useful and
effective

Conditions for which there is
conflicting evidence or a divergence
of opinion, or both, about the
usefulness and efficacy of a
procedure

IL.a. Weight of evidence favors
usefulness and efficacy

ILb. Usefulness and efficacy is less
well established by evidence

Conditions for which there is evidence
or general agreement, or both, that
the procedure is not useful and
effective

Level of Evidence

Level A Data derived from multiple,
randomized clinical trials

Level B Data derived from a single,
randomized trial or from
nonrandomized trials

Level C Consensus expert opinion
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