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In an effort to develop an improved regimen of antibiotic pro-
phylaxis in cardiac surgery, 1030 patients who were to have
elective cardiothoracic surgery involving a median sternotomy
were selected at random to receive cefamandole or cefazolin,
with or without gentamicin, in a prospective double-blind
study. Cefazolin was significantly less effective than cefaman-
dole at both the sternal (1.8% vs. 0.4%, respectively, p < 0.05)
and donor sites (1.3% vs. 0%, respectively, p < 0.02). Seven
Staphylococcus aureus infections occurred among cefazolin re-
cipients as compared with no such infections among the pa-
tients receiving cefamandole (p < 0.01). All five wound infec-
tions yielding fungi or gentamicin-resistant gram-negative rods
occurred in patients who had received gentamicin as a second
prophylactic agent. These data suggest that gentamicin has no
role as a prophylactic antibiotic in cardiac surgery and that,
compared with cefamandole, cefazolin offers unreliable pro-
phylaxis against deep infection at both the sternal and do-
nor sites.

tive in lowering wound infection rates after car-
diac surgery,"? and most cardiovascular sur-
geons routinely use one or more antibiotics during the
perioperative period. However, despite administration
of prophylactic antibiotics, infections in both the sternal
and donor sites continue to occur in 1-5% of patients,
and controversy exists regarding the optimal prophylac-
tic regimen.>-$
Since 1978, more than 1000 median sternotomies
have been performed each year at Saint Thomas Hospi-
tal. Perioperative cefazolin has been the mainstay of
prophylaxis. The deep sternal wound and donor site
infection rates have each averaged approximately 2% for
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the last 5 years. The pathogen spectrum has remained
relatively constant over this period of time. Staphylococ-
cus aureus has accounted for approximately 40% of
pathogens in sternal wounds and coagulase-negative
staphylococcus, 25%. Enteric gram-negative rods, fungi,
and mixed pathogens have accounted for the remainder
of the identifiable pathogens.

Since the early 1980s, several studies had indicated
that cefamandole was the most active cephalosporin
against coagulase-negative staphylococci in vitro.”° The
clinical relevance of this finding remains unknown. Be-
cause coagulase-negative staphylococci were known to
be a common pathogen in sternal wound sites in our
hospital, a prospective, randomized, blinded study
comparing cefamandole with the most commonly used
prophylactic antibiotic, cefazolin, was instituted in No-
vember 1984. Because cephalosporin-resistant patho-
gens accounted for approximately one-fifth of such in-
fections, gentamicin was also included in this trial.

Materials and Methods

Antibiotic Regimens

Using block randomization, patients were assigned to
one of four prophylactic regimens. Regimen A consisted
of cefazolin, 2 g intravenously (I.V.) at induction of an-
esthesia, 1 g every 4 hours during operation, and 1 g
every 6 hours after operation for 72 hours. Regimen B
included cefazolin as outlined above, plus gentamicin
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1.5 mg/kg given L.V. at the induction of anesthesia. Reg-
imen C was cefamandole, 2 g I.V. at induction of anes-
thesia, 1 g every 2 hours during operation, and | g every
4 hours after operation for 72 hours. Regimen D in-
cluded cefamandole as above, except that gentamicin
1.5 mg/kg was given L.V. at the induction of anesthesia.
No dose adjustments were made for renal failure. Pla-
cebo doses were not included. All randomization was
performed by one investigator (A.C.R.). Drugs were dis-
pensed in minibags labeled “Mancef” and marked with
time for infusion.

Definition of Infection

Wounds were considered infected if (1) purulence was
present; and (2) deep subcutaneous tissue (Class II in-
fection), sternum (Class III infection), or posterior medi-
astinum (Class IV infection) was involved. Class I or
superficial infections of the subcutaneous tissue of the
sternum or donor site were not included. By definition,
such infections appeared trivial upon inspection, and
neither prolonged hospitalization nor altered outpatient
management was required. Class I sternal infections
were tabulated prospectively, however. When the code
was broken at the close of the study, the Class I infec-
tions were noted to be evenly distributed among the four
prophylactic regimens. One Class I infection occurred
among regimen A recipients, three among regimen B
recipients, two among regimen C recipients, and three
among regimen D recipients.

At 3-month intervals, the attending surgeon, at least
one other cardiac surgeon investigator, and one nonsur-
geon member of the investigative team (A.B.K.) re-
viewed the clinical course of all patients with wounds
exhibiting inflammation and/or drainage. An agree-
ment was reached as to the presence or absence of infec-
tion and the depth of infection. Care was also taken at
this time to exclude patients with secondary infections
in the sternal area that may have developed as a compli-
cation of ischemic necrosis of the underlying tissue. One
such patient, who was eventually identified as a regimen
B recipient, met this criterion and was excluded. She was
a 63-year-old patient with long-standing Raynaud’s dis-
ease and was receiving steroid therapy; she experienced
necrosis of the entire hemisternum associated with the
use of the ipsilateral internal mammary artery for im-
plantation. According to protocol design, after approxi-
mately 1000 patients had been studied, antibiotic regi-
mens associated with infections were identified with a
letter code by the pharmacist. At that time, in January
1986, a significant difference in treatment categories was
noted. The code was subsequently broken, and the study
ended.
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Patient Selection

The study design was approved by the Saint Thomas
Hospital Institutional Review Board. Written informed
consent was obtained from all participants. All adult
patients scheduled for elective median sternotomy inci-
sion who were free of infection and not receiving any
therapeutic antibiotics were considered eligible for in-
clusion in the study. To remain in the study, patients
had to adhere to the antibiotic protocol for at least 24
hours.

All patients showered or bathed with an antiseptic-
containing soap the evening before operation. Shaving
of the operative site(s) was performed in the holding area
immediately before operation. The mediastinum was
routinely irrigated with a kanamycin solution (1 g/L of
saline) before closure.

Drug Levels

Early in the course of this study, an average of seven
plasma specimens per patient were obtained from 25
patients during the operative period. Specimens were
frozen at —20 C and shipped to Eli Lilly Laboratories for
analysis. Gentamicin levels were analyzed by radioim-
munoassay techniques. Cefamandole and cefazolin
plasma levels were measured by bioassay. Antibiotic
levels were plotted against time on semilog paper and
the best straight line determined. The lowest intraopera-
tive serum concentration of antibiotic (usually occur-
ring immediately before antibiotic redosing) was esti-
mated from this plot.

Cost Analysis

Seven of 11 patients with sternal wound infection and
five of the six patients with donor site infection had
evidence of infection develop after discharge and were
re-admitted to Saint Thomas Hospital specifically for
management of the infections. All re-admission hospital
charges for these 12 patients were considered to be direct
costs of infection. For the patients whose wound infec-
tions developed before discharge, the charges were con-
sidered to be secondary to infection only during the
portion of the hospital stay that was clearly prolonged as
a result of infection.

Risk Analysis

Demographic data on patients who had cardiac sur-
gery at Saint Thomas Hospital are maintained by an
in-office minicomputer. Host risk factors and intra-op-
erative and postoperative complications are identified
on work sheets by physician assistants. All such infor-
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TABLE 1. Sternal and Donor Site Infection Rates in Cardiothoracic Surgery: A Comparison of the Efficacy of Prophylactic Antibiotics

Patients Who Had Sternal Wound Patients Requiring Donor Site

Prophylactic Antibiotics Median Sternotomy Infections (%) Donor Site Incision* Infections (%)
Cefazolin 255 3(1.2) 239 4(1.7)
Cefazolin-gentamicin 253 6 (2.4)t 236 2(0.8)
Cefamandole 259 2(0.8) 246 0(0)
Cefamandole-gentamicin 263 0 (0)t 242 0(0)
Total 1030 11 (1.1) 963 6 (0.6)
All cefazolin 508 9 (1.8)t 475 6 (1.3)t
All cefamandole 522 2 (0.4)} 488 0 (0)t
Total 1030 11 (1.1) 963 6 (0.6)
With gentamicin 516 6(1.2) 478 2(0.4)
Without gentamicin 514 5(1.0) 485 4(0.8)
Total 1030 11(1.1) 963 6 (0.6)

* Includes those patients who had coronary artery bypass and re- exact test.

quired a leg incision for the harvesting of saphenous vein.
+ Difference in infection rates is significant at p < 0.02, Fisher’s

mation is obtained at the time of hospitalization and
entered prospectively into the computer program. These
data were available for analysis for patients entered into
the study. Age and the presence of diabetes mellitus,
obesity, hypertension, use of internal mammary arteries
in coronary artery bypass, perfusion time, and cross-
clamp time were tabulated. All statistical tests for associ-
ation of frequencies (contingency table analysis) were
performed by chi square analysis or by Fisher’s exact test
when expected frequencies were less than five.

Results
Patient Demographics and Risk Factors

Of 1446 patients who had median sternotomy at Saint
Thomas Hospital from November 1984 through Jan-
uary 1986, 1057 (73%) were entered into the study.
Operations were subsequently canceled for 11 patients,
and nine patients were removed from the study for fail-
ure to adhere to the antibiotic regimen for the first 24
hours. Seven patients scheduled for thoracic surgery not
involving a median sternotomy were inadvertently en-
tered into the study and were later removed. The 27
patients excluded from the study after entry were evenly
distributed among the four prophylactic regimen
groups.

A total of 1030 patients were therefore available for
evaluation. Of these patients, 57 had median sternot-
omy for valve replacement only, 44 for valve replace-
ment and coronary artery bypass, 919 for coronary ar-
tery bypass alone, and 10 for other cardiac surgical pro-
cedures. During this period of time, 389 patients had
median sternotomy but were not considered for the
study. Nine sternal wound infections determined retro-

t Difference in infection rates is significant at p < 0.05, Fisher’s
exact test.

spectively by routine nosocomial surveillance occurred
among the patients who were not from the study, for an
infection rate of 2.2%. Cefazolin was usually given as a
prophylactic agent in these patients who were not from
the study, although cefamandole and vancomycin, with
or without gentamicin, were also used occasionally.

An analysis of infections by the seven participating
surgeons demonstrated no significant difference in sur-
geon-specific infection rates. All risk factors were ho-
mogeneously distributed among the four treatment regi-
mens, between patients receiving cefazolin versus cefa-
mandole, and between patients receiving gentamicin
versus no gentamicin. There were no cases of prosthetic
valve endocarditis among the 101 patients who had
valve replacement.

Efficacy of Prophylaxis

Sternal wound infections developed in 11 of the 1030
patients who had elective median sternotomy (Table 1).
Donor site infections developed in six of 963 patients
requiring a donor site incision. Patients receiving cefa-
mandole-gentamicin had a significantly lower sternal
wound infection rate than those receiving cefazolin-
gentamicin (0% and 2.4%, respectively; p < 0.02). When
infection rates for the regimens that included gentami-
cin are compared with rates for those that did not, the
results are virtually identical (1.2% vs. 1.0%). When the
results were analyzed by individual cephalosporins, pa-
tients receiving cefamandole with or without gentamicin
had a significantly lower infection rate than patients re-
ceiving cefazolin with or without gentamicin at both the
sternal (0.4% vs. 1.8%, p < 0.05) and donor sites (0% vs.
1.3%, p < 0.02).
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TABLE 2. Pathogens, Class of Infection, and Prophylaxis Regimen

Sternal Infections Donor Site Infections
Patient No.*/ Patient No./Class
Antibiotic Regimen Class of Infection Pathogen(s)t of Infection Pathogen(s)
Cefazolin 1/111 Staphylococcus aureus (M, K) 12/11 S. aureus; CNS;
enterococci
2/1I1 S. aureus 13/11 Escherichia coli;
enterococci
3/l CNS (M, K, G) 14/11 S. aureus
15/11 S. aureus; Proteus
mirabilis
Cefazolin/gentamicin 4/11 S. aureus 16/11 Pseudomonas (K,
G); Proteus
5/111 S. aureus Klebsiella
Citrobacter (K, G)
6/11 CNS (M, K, G) 17/11 Pseudomonas (K, G)
Pseudomonas (K)
7/11 Pseudallesheria
8/1V Candida tropicalis
9/11 E. coli
Cefamandole 10/11 CNS (M, K, G)
11/l (No growth)

* All patients had coronary artery bypass surgery (CAB) except pa-
tients 5 (ventricular aneurysmectomy) and 7 (CAB plus aortic valve
replacement).

t Resistance (if present) to cefazolin/cefamandole (K) is noted
within parentheses. Coagulase-negative staphylococci (CNS) and S.

D All pathogens sensitive to Cefazolin and Cefamandole

One or more pathogens resistant to Cefazolin and Cefomandole

One or more pathogens are fungi or gram negative rods
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FIG. 1. Correlation of prophylactic antibiotics and antimicrobial resis-
tance of pathogens. One infection in a cefamandole recipient yielded
no growth (NG) on culture. All infections yielding S. aureus (denoted
by an asterisk) occurred among cefazolin or cefazolin—gentamicin re-
cipients. Resistance of fungi and gram-negative rods to cefazolin—cefa-
mandole and gentamicin occurred only in cefazolin-gentamicin recip-
ients. No infections occurred among cefamandole-gentamicin recipi-
ents.

aureus were also tested for resistance to methicillin (M); and gram-neg-
ative rods were tested to resistance to gentamicin (G). All S. aureus
infections were resistant to penicillin. Susceptibility testing was per-
formed by standard Kirby-Bauer sensitivity testing.

Infecting Organism

All seven wound infections yielding S. aureus (four
sternal and three donor sites) occurred in patients re-
ceiving cefazolin as a prophylactic agent (seven of 508
cefazolin recipients vs. none of 522 cefamandole recipi-
ents, p < 0.01). Coagulase-negative staphylococci as a
single or co-infecting pathogen were identified in three
sternal wound sites and one donor site. Three of these
infections occurred in patients receiving cefazolin
(Table 2). In five wound infections, all pathogens iso-
lated were susceptible to both cefazolin and cefaman-
dole (Fig. 1). All of these infections occurred in recipi--
ents of cefazolin or cefazolin-gentamicin (five of 508
cefazolin recipients vs. none of 522 cefamandole recipi-
ents, p < 0.05). Of five wound infections yielding gram-
negative bacilli resistant to gentamicin (3) or fungi (2),
all occurred in patients who had received gentamicin in
addition to cefazolin as a prophylactic agent.

Pharmacokinetics

Intra-operative antibiotic levels were measured in 12
patients receiving cefazolin, 13 receiving cefamandole,
and 14 receiving gentamicin. The mean trough levels of
antibiotics during the bypass procedure averaged 39
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ug/mL for cefazolin, 21 ug/mL for cefamandole, and 1.5
pug/mL for gentamicin. However, the trough levels
ranged widely among patients. For cefazolin recipients,
the lowest trough plasma concentration was 22 ug/mlL.
For the cefamandole recipients, the lowest trough con-
centration was 11 ug/mL, and for the gentamicin recipi-
ents, 0.7 ug/mL. By the close of the surgical procedure,
gentamicin levels in gentamicin recipients were negli-
gible.

Infection Complications and Costs

The excess costs of hospitalization attributable to in-
fection are outlined in Table 3. Among the six patients
with Class II infections of the sternal wound, two infec-
tions resulted in prolongation of hospitalization and
three in re-admission to Saint Thomas Hospital. One
patient was managed by repeated incision and drainage
of the infection in the physician’s office. All Class III and
Class IV infections at the sternal site occurred among
cefazolin or cefazolin-gentamicin recipients. Three pa-
tients with Class III infections of the sternum required
re-admission to the hospital; the fourth patient’s pri-
mary hospitalization was prolonged extensively. A Class
IV infection developed in one patient during the initial
hospitalization. This patient eventually died of multiple
complications. Five of the six deep (Class II) infections
occurring at the donor sites resulted in rehospitalization.
The average cost of donor site infections was $8500, an
amount similar to the $9000 cost of Class II infection at
the sternal incision site. Physician fees and office charges
related to both sternal and donor site infections were not
determined.

Discussion

A primary goal of the design of this study was to
evaluate the relative efficacy of cefamandole versus ce-
fazolin in preventing infection resulting from coagulase-
negative staphylococci. Although three of the four in-
fections yielding coagulase-negative staphylococci oc-
curred in cefazolin recipients, infections resulting from
coagulase-negative staphylococci were too infrequent to
allow conclusions to be drawn regarding the relative ef-
ficacy of these two cephalosporins. One can only specu-
late as to whether a significant advantage of cefaman-
dole versus cefazolin could be demonstrated in a setting
where coagulase-negative staphylococci were a more
frequent cause of postsurgical wound infection.

Of great interest, however, was the finding that infec-
tions resulting from S. aureus were significantly less
likely to occur among the cefamandole recipients. Even
if the one infection resulting from a methicillin-resistant
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TABLE 3. Excess Cost of Hospitalization Attributable to Infection

Depth of Infection Total Excess Mean Excess
(No. Patients) Costs ($) Cost ($)
Sternal site
Class II (6)* 53,500 8,900
Class III (4) 160,200 40,000
Class IV (1) 73,300 73,300
All sternal sites (11) 287,000 26,000
Donor site
Class II (6) 51,000 8,500
All sites (17) 338,000 19,882

* Both infections associated with cefamandole prophylaxis were
Class II infections.

S. aureus in a cefazolin recipient is not included in the
analysis, significantly more S. aureus infections oc-
curred among cefazolin recipients than among cefa-
mandole recipients (p < 0.02). Slama et al. also recently
noted that cefazolin tended to be less effective in pre-
venting S. aureus infection after cardiac surgery than
either cefamandole or cefuroxime.® In vitro studies are
not currently available that directly explain why cefa-
mandole should prevent S. aureus infection more effec-
tively than cefazolin. As early as 1973, however, failures
of cefazolin in treating infection resulting from S.
aureus have been reported.!®!! Although the precise
cause of this phenomenon remains unexplained, a num-
ber of investigators have noted that cefazolin appeared
to be more vulnerable to hydrolysis by the beta-lacta-
mase of certain S. aureus strains than either cefaman-
dole or cephalothin.!?>-!¢ Cefamandole has also been
shown experimentally to produce higher concentrations
than either cefazolin or cephalothin in fibrin clots.!”!8
Clinically, prophylactic use of cefamandole has been
shown to result in high concentrations of antibiotic in
atrial muscle and cardiac valve tissues.!* Whether the
inferior performance of cefazolin is related to its vulner-
ability to S. aureus beta-lactamase, to inferior tissue
levels, or to other factors is unknown. Whatever the
reason(s), data are accumulating to suggest that cefazo-
lin may not be as reliable as other cephalosporins in
prophylaxis of wound infection in cardiac surgery.

One conclusion of our study was that gentamicin,
when given as a single preoperative dose, offered no
protection from infection resulting from cephalospo-
rin-resistant pathogens. Although gentamicin com-
bined with cefamandole was the most effective of the
four prophylactic regimens, an analysis of infection rates
of the various antibiotic combinations (Table 2) suggests
that it was the use of cefamandole per se, not cefaman-
dole plus gentamicin, that best explained the observed
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differences in infection rates. Another interpretation of
the apparent lack of gentamicin effectiveness may be
related to the use of kanamycin irrigation in all patients.
Although there are inadequate data to settle the issue,
topical kanamycin may, in fact, be as efficacious as sys-
temically administered gentamicin, thereby blunting
any possible demonstration of the latter’s efficacy.

However, it was of considerable interest to note that
all infections resulting from cephalosporin-resistant (Pa-
tient 6) or cephalosporin and gentamicin-resistant (Pa-
tients 5, 16, and 17) gram-negative enteric pathogens
occurred in patients receiving gentamicin as a second
prophylactic agent. Moreover, both fungal infections
occurred in gentamicin recipients (Patients 7 and 8).
This failure/adverse effect of gentamicin was disap-
pointing but not completely unexpected. Gentamicin
has yet to be proven effective as a prophylactic agent in
prospective clinical trials in clean surgery.?’ Further-
more, a previous study in cardiac surgery suggested that
the routine use of gentamicin prophylaxis can be asso-
ciated with a marked increase in gentamicin resistance
within the hospital environment.?! Given the fact that
plasma levels were uniformly low in all patients at the
close of operation, an observation noted previously,?? it
may be that prophylactic efficacy cannot be realized
unless frequent doses of this agent are given. The threat
of ototoxicity or nephrotoxicity associated with repeated
doses must, however, serve as a caution, if not a deter-
rent, in designing prospective clinical trials involving
frequent doses of gentamicin.

Because failure of prophylaxis in cardiothoracic sur-
gery has been related to inadequate serum levels at the
close of prolonged procedures,*?* we administered intra-
operative doses of cefamandole and cefazolin so that
adequate levels of these cephalosporins would be main-
tained throughout the surgical procedure. The results of
our cephalosporin serum assays obtained during cardio-
pulmonary bypass were consistent with the findings of
others.?*?” Based upon these data, cefazolin dosing in-
tervals might safely be lengthened to 6 or 8 hours. How-
ever, pending collection of additional data, frequent
doses of cefamandole (every 2 hours) should be used
during bypass if predictably high levels are to be
achieved throughout the surgical procedure.

In May 1986, cardiac surgeons at Saint Thomas Hos-
pital changed from the predominant use of cefazolin to
cefamandole. Subsequent to this change, only eight deep
sternal wound infections have developed among 1131
patients (infection rate, 0.7%). Five deep donor site in-
fections have also occurred during this time. S. aureus
has been isolated from four of these 13 infections. These
follow-up data suggest that cefamandole continues to be
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preferred to cefazolin for prophylaxis of cardiac surgery
in our hospital.

In view of these results, single-dose gentamicin, as an
adjunct to cephalosporin prophylaxis, probably has no
place in routine prophylaxis in cardiac surgery. Efficacy
has not been demonstrated, and there is a suggestion
that the use of gentamicin prophylactically may encour-
age the emergence of resistant organisms. Whether
multiple dosing of gentamicin or the use of other broad-
spectrum antibiotics would be effective in preventing
gram-negative rod infection is unknown. The apparent
failure of cefazolin in preventing wound infection, espe-
cially infection resulting from S. aureus, has important
implications in view of the widespread current use of
this antibiotic. Cefazolin has clearly demonstrated its
effectiveness as a prophylactic agent in a wide variety of
clean and clean-contaminated surgical procedures.?’
Nevertheless, this study and the recent study by Slama et
al.® have now demonstrated its inferiority to other ceph-
alosporins in prophylaxis of wound infections in cardiac

surgery.
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