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| Nasal Carriage of Staphylococcus aureus as a Major Risk Factor for Wound

| Infections after Cardiac Surgery
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To evaluate the importance of nasal carriage of Staphylococcus aureus as a risk factor for the
development of wound infection at the sternotomy site after cardiac surgery, 4 case-control study
was done. The study population consisted of 1980 consecutive patients. Cases were all patients
who developed a sternal wound infection from which S. aureus was cultured. Forty cases were
identified. and 120 controls were selected. Preoperative nasal carriage of S. aureus, insulin-de-
pendent diabetes mellitus, and younger age were identified as significant risk factors. The crude
odds ratio of nasal carriage was 9.6 (95% confidence interval, 3.9-23.7). The median postopera-
tive length of hospital stay for cases was 30 days longer than for controls. Mortality was also

significantly higher for cases than for controls (10.0% and 0.8%, respectively).
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In our institution. deep surgical wound infections ©c¢-
curred in 3.9% of patients who underwent thoracic surgery
[3]. and more than half of these infections were caused by
Staphylococcus aureus. Phage typing showed unique patterns
for 86% of the S. aureus isolates. virtually ruling out Cross-in-
fection as an important mode of transmission. Therefore, it
was hypothesized thata cubstantial number of the infections
was caused by endogenous strains of S. aureus. This hypothe-
sis was based on findings in several studies in the 1950s and
1960s that showed that carriers of S. aureus had an increased
risk for development of surgical wound infections [4-6]. In
the last several decades, major surgical developments have
been accompanied by improvements in infection control
(e.g.. modernization of the operating theater with respect to
air handling and use of antimicrobial prophylaxis). To evalu-
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Patients and Methods

The study population comprised 1980
rwent sternotomy for cardiac sur-
d | January 1991 at the Depart-

Study population.
consecutive patients who unde

gery between | January 1988 an
ment of Thoracic Surgery. University Hospital, Rotterdam. This
hospital is a tertiary referral center for cardiac and pulmonary
surgery. Patients were routinely admitted the day before surgery.
On that day, specimens Wwere obtained for culture for nasal
carriage of S. aureus. and body and hair were washed with povi-
done-iodine or chlorhexidine soap and hair was removed with
depilatory cream. All patients were given systemic anubiotic
prophylaxis (cefamandole or cefuroxime) for 24 h, starting | h
before surgery. Clindamycin was given to patients reporting an
allergy to g-lactam antibiotics. Sternal wound infections Were
treated by surgical excision and drainage and, if indicated, sys-
temnic administration of antibiotics. The choice of antiblotics
was based on the organisms cultured and their susceptibility
patterns.
Definition of cases and controls. Cases were all patients from
the study population who developed a surgical wound infection
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»+ median sternotomy site from which S. aureus was cul-
.. The criteria used for the diagnosis of postoperative infec-
. s were those defined by the Centers for Disease Control and
srevention (CDC) [7). For each case. 3 controls were selected
\nd matched to cases by proximity of operation date. Controls
were accepted only if a preoperative nasal specimen was ob-
wained and if they had no evidence of surgical wound infection
with S aureus at the sternotomy site. In the absence of clinical
signs. wound cultures were not routinely done on controls. No

cases or controls received antibiotic therapy before surgery of

had an infection at the ume of surgery.
The medical records of cases and controls were
variables: age: sex: diabetes mellitus
lin dcpcndent. or both): use of im-
munosuppressive drugs: chronic obstructive pulmonary disease:
aumber of underlying disorders: body mass index (kilograms per
ter): smoking history: forward heart failure: length of
preoperative stay: pre jous sternotomy: use ofan intraaortic bal-
laon pump: S. aureus in the preoperative nasal culture: date of
O:gcry perioperative my ocardial infarction: elective or emer
gency procedure: type of surgery (use of lefl and right internal
mamman artery and cardiac valve procedures were recorded):
aumber of coronary arteries involy ed: type of antibiotic used for
prophylaxis: surgeons. anesthesiologist, and perfusionist: dura-
tion ol surgery. extracorporeal circulation. and aortic occlusion:
volume of perioperative loss of blood and peri- and postopera-
tive blood transfusions: use of rethoracotomy for bleeding: dura-
tion of postoperative stay in the intensive care unit; outcome
(discharged alive or death): date of discharge or death: length of
hospital stay: and readmittance (duration was added to the post-
operative length of stay). Other postoperative infections were
determined by CDC cnitena [7]. Site of infection. date of onset.
and pathogens involved were recorded.

For cases. these additional variables were recorded: location
of sternal wound infection (supcrﬁcml or deep [7]). date of onset
of infection, and presence of secondary bacteremid.

All patients had nasal swabs the day before
d infection was suspected. the
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«reened for the following
(insulin dependent. non-insu
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Vicrobiology.
surgery. When a surgical woun
wound and. if present. purulent discharge, were cultured. S. aur-
s was identified by standard microbiologic methods. All avail-
ble S. aureus isolates from preoperative nasal swabs and
wounds were sent to the National Institute of Public Health and
Environmental Protection (Bilthoven. Netherlands) for phage
LpIng
Sravistical analysis.  Results were analyzed with the SAS sta-
tstical package [8]. Differences between groups were tested by
Student’s ¢ test. The importance of the risk factors was deter-
mined by calculation of odds ratios and 93¢ confidence inter-
vals (Cls). Odds ratios determined were Mantel-Haenszel esu-
mates by a stratified analysis . which each stratum comprised &
case and its controls. Statistical significance was accepted at P <
05, two-tailed analysis.

Results
Characteristics of patient popularion. In the study popula-
ton. 40 pulicms (2.0%) developed a sternal wound infection

with S. aureus. A total of 120 pauents were selected as con-

irols. Table 1 shows the general characteristics of the cases
cally significant differences were
f surgery. and number
[ved. The mean age for cases was
.026). The median
was 30 days longer for cases than
controls (table 1). The total number of postoperative hospi-
1901 days versus 1464
days for the 120 controls. Mortality was also significantly
.014). Four (10%) of the sternal
and 36 (90%) were deep.

and controls. No statisti
found in sex. body mass index. type ©

of coronary arteries invo
significantly lower than for controls (P =

postoperative length of stay
tal days accrued by the 40 cases was

higher among cases (=
wound infections were superﬁcial
Eighteen (45%) of the 40 sternal wound infections
aurens were associated with a secon
dian onset of sternal w
after surgery. There was no signi
dence of postoperative infections other than sterna
infections.

Analysis of risk factors.

carriage of S. aureus and insu

dary bacteremia. The me-
ound S. aureus infections was 8 days

ficant difference in th~ inci-
| wound

Table 2 shows the crude odds

ratios with 95% Cls for the most important risk factors. Nasal
lin-dependent diabetes mellitus

with S.

had the highest crude odds ratios. In addition to younger age

(table 1). these were the on

ly statistically significant risk fac-

tors. Two of the 4 insulin-dependent diabetes mellitus pa-

tients had S. aureus in their preoperat
determine the minimum effect o
dependent diabetes mellitus patients were remov
analysis. This analysis showed an odds ratio
carriage of S.
variables not she
icant increased or decreased crude odds ratio.

ive nasal cultures. To
fnasal carriage. all 4 insulin-
ed from the
for nasal
aureus of 8.8 with a 95% C1 of 3.6-21.8. The
ywn in table 2 were not associated with signif-

Table 1. Characteristics of the patient population. types of surgi-

cal procedures. median postoperative lengt
in controls and cases.

h of stay. and mortality

Controls Cases
\anable (n=120) (n=40)
Mean age. vears (SD) 63.9(9.0) S93(1L3)
Sex (O female) 26.7 Y 28]
Mean body mass index (SD) 254 (3.0) 25.9(3.5)
Surgen (°r)
CABG without internal mammary arten 30.8 35.0
CABG with internal mammary artery 54.2 525
Procedures involving cardwue valve
replacement 16.7 150
Other! - 2.5 15
Emergency 538 10.0
MMean no. of coronan arternes
imvolved (SD) 26(1.3) 241.1)
Median pustoperative length ol stay
Javs (range) 10 (6=30)° a0 (9-143)
: % 0.8* o0

Mortality (‘r)

NOTE. CABG, pnu:cdurc involving coronars

* P < 05
* Other = procedures other than CABG

artery bypass grating

or cardiac valve replacement
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Table 2. Crude odds ratios (ORs) and 95% confidence intervals
(Cls) of the most important risk factors for wound infections with S.

aureus after cardiac surgery.

No. of events/
no. of observations (‘)

Risk factor Controls Cases Crude OR (C])

Nasal carniage off
9.6 (3.9-23.7)

S, aurens 157120 (12.5) 19736 (52.8)
Diabetes mellitus E
Non-1D and 1D 97120 (7.5) 7/40 (17.5) 2.7(0.9-8.0)
Nona-1D 9/120(7.5) 3/40(7.5) 1.0
1D 07120 4740 (10.0)  21.0(2.4-1839)

Clindamyein as

prophylaxis 11£120 (9.2) 0/40 0.4(0.1-1.6)
Immunosuppressive
drugs 107120 (8.3) 6/40 (15.0) 1.9¢0.7-5.3)
NOTE. ID. insulin dependent.

Phage 1vping of S. aureus isolaies. Nineteen cases had
positive preoperative S. aureus nasal cultures. For 10 of the
19. both pre- and postoperative isolates were available for
phage tvping: these were identical for all 10. All S. aureus
isolates were susceptible to oxacillin and aminoglycosides.

Discussion

Nasal carriage of S. awreus. insulin-dependent diabetes
mellitus. and vounger age were the most important and only
statistically significant risk factors for development of sternal
wound infection with S. aureus. Since patients with insulin-
dependent diabetes mellitus have increased carriage rates of
S. aureus and are probably at greater risk for developing S.
aureus infections [9]. these two variables could have in-
fluenced each other. Because none of the controls had insu-
lin-dependent diabetes mellitus, multiple logistic regression
analysis could not be used to evaluate this interaction. The
minimum effect of nasal carriage was therefore calculated by
removing all insulin-dependent diabetes mellitus patients
from the analysis. This analysis showed an odds ratio for
nasal carriage of S. aureus of 8.8. which is only slightly differ-
ent from the crude odds ratio of 9.6. Thus, we conclude that
nasal carriage of S. aureus is an important and independent
risk factor for development of sternal wound S. aureus infec-
uons.

The importance of nasal carriage was confirmed by the 10
cases from whom pre- and postoperative isolates could be
compared by phage typing. The pairs were all identical. The
important role of endogenous infection also explains the het-
erogenous pattern of S. aureus isolates that caused surgical
wound infections in our institution determined in a previous
study [3].

The nasal carriage rate of the entire 1980 patient study
population can be approximated by extrapolation of the
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carriage rate of the controls and cases. By so doing.
(13.3%) of the 1980 patients would be nasal carriers.
ing in overall attack rates of 8.0% for carriers and 1.1% f
noncarriers. This gives an attributable risk for nasal carriz
of 86.3%.

Little attention has been paid to the role of nasal carriage
in development of surgical wound infections for 235 years LTS
<o In 1959, Williams et al. [6] reported that 2. 1% of postoper-
ative staphylococcal surgical wound infections in 632 pa-
tients occurred in those who never carried S. aureus in the
nose. In 687 carriers. this incidence was 6.9% (relative risk
[RR]. 3.3: 95% CL 1.8-6.1). In about half of the infected
carriers. the wounds harbored a staphylococei with the same
phage type as that in the nose. Also in 1959. Weinstein [3]
analyzed nasal pathogens and postoperative infections in
125 patients undergoing major surgery. Those with positive
preoperative nasal cultures (n = 43) had an infection rate of
37% versus 11% in 82 patients with negative preoperative
cultures (RR. 3.4: CL. 1.6-7.0). In the nasal carriers. S. au-
rens was isolated from 94% of the infected wounds: a variety
of organisms were cultured from the wounds of noncarriers.
For nasal carriers with postoperative S. aureus infection. the
phage types of the S. aureus isolated from the nose and
wound were identical in 92% of cases. Similar results were
reported by Calia et al. [4]. who calculated that about half of
all surgical wound infections in their population were caused
by endogenous infection with S. aureus. The surgical wound
infection rate also correlated with the density of S. aurets n
the nasal culture.

Several studies during the 1950s and 1960s attempted to
eliminate nasal carriage preoperatively, but these attempts
were hampered by a lack of effective elimination strategies.
However. the recent introduction of mupirocin may offer
new opportunities. This topical antibiotic is highly effective
for elimination of nasal carriage and is more effective than
any other antibiotic studied to date [9. 10]. Thus. it should
be evaluated for its value in perioperative prophylaxis.

Sternal wound infections with S. aureus were associated
with a significant prolongation of the length of postoperative
stay and a significantly higher mortality among cases. This
high rate of severe infection is indicative of the unique patho-
genicity of S. aureus in wound infections [11]. In a previous
prospective surveillance study, we found that deep surgical
wound infections in thoracic surgery were associated with a
median prolongation of postoperative stay of 30 days [3].
This is identical to the median prolongation of hospital stay
in the present study. Although the degree of prolonged hospi-
tal stay and mortality rates vary in different studies. 1t 1s gen-
erally accepted that both are common consequences of ster-
nal wound infections [12].

Because of the severe consequences for patients and the
high costs for the health care system. it is important to iden-
tify risk factors for development of sternotomy wound infec-
tions. To date, a multitude of patient- and procedure-related




. i AR AT R e R AT AT

4D 1995:171 (January)

nsk factors have been identified [12]. The current study
Jdiffers from others in that it evaluates the risk factors for
development of sternal wound infections caused by one spe-
cific pathogen, S. aureus. Therefore, our results are not en-
tirely comparable with those of studies that evaluated the
consequences of and risk factors for development of sternal
wound infections caused by a variety of pathogens.

In addition to nasal carriage, insulin-dependent diabetes
mellitus and younger age were identified as risk factors for
sternal wound infection with S. aureus. Insulin-dependent
diabetes mellitus was also identified in other studies [12].
The nsk factor of younger age seems paradoxical since, when
age was identified as a risk factor in other studies, it was
always older age [12]. A possible explanation is that some
very complicated operations for congenital heart disorders
were done on a small group of relatively young patients in
this study. These procedures were associated with an in-
creased risk for surgical wound infection in a previous study
[3].

Surgical procedures are becoming increasingly compli-
cated, and the population of patients operated on has more
underlying diseases [ 13]. This increases the risk for develop-
ment of surgical wound infections. Therefore, new strategies
are needed to keep the surgical wound infection rate and its
associated morbidity and mortality as low as possible. Al-
though the significance of nasal carriage of S. aureus for de-
velopment of surgical wound infections has been well de-
fined [4-6], it has not been defined for cardiac surgery.
Because of the great expense and morbidity and mortality
associated with sternotomy wound infections, it is important
to identify potential preventive measures. Further investiga-
tions are warranted to evaluate the effect of perioperative

elimination of nasal carriage on surgical wound infection
rates.
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