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ABSTRACT

OBIJECTIVE: To determine whether bacterial cultures of
the wounds of patients undergoing clean orthopedic surgery
would help predict infection.

METHODS: During 1 year, 1,256 cultures were per-
formed for 1,102 patients who underwent clean orthopedic
surgery. Results were analyzed to evaluate their ability to predict
postoperative infection.

RESULTS: The sensitivity, specificity, positive predictive
value, and negative predictive value of the cultures were 38%,
92%, 7%, and 99%, respectively.

CONCLUSIONS: Cultures performed during clean
orthopedic surgery were not useful for predicting postoperative
infection (Infect Control Hosp Epidemiol 2004;25:512-514).

Despite advances in operative technique, better
understanding of the pathogenesis of wound infections,
and the widely accepted use of prophylactic antibiotics,
postoperative infection continues to be a major source of
morbidity and mortality for patients undergoing surgical
procedures. In orthopedic surgery, isolation of microor-
ganisms from bone or joint culture is the standard for
determining whether a bacterial infection is present. In
clean orthopedic surgery, it can be difficult to determine
whether organisms isolated from the wound during
surgery are pathogenic or simply contaminants.!® A
wound culture performed during surgery is relatively
expensive (325 U.S. per culture).

We conducted a prospective study of deep wound
cultures performed during clean orthopedic surgery to
evaluate their efficacy for predicting postoperative infec-
tion.

METHODS

Patients

All patients undergoing clean orthopedic surgery in
our hospital from December 1, 1997, to December 1, 1998,
were consecutively enrolled in the study. Patients without
follow-up were excluded from this study.

For patients undergoing surgery without the use of
an implant, the length of follow-up was 1 month. For pro-
cedures performed with the use of an implant (prosthesis
or fracture fixation device), patients were observed for 1

year after surgery. Patients with an implant and a positive
intraoperative wound culture were observed for 2 addi-
tional years. At each follow-up visit, patients were evaluat-
ed for infection.

Wound Culture

At the end of the surgical procedure, just prior to
fascial closure, a sterile cotton swab was applied to the
implant, bone, or joint surface. There was no standard
technique for obtaining specimens for culture. It was left
to the operating surgeon to sample the surgical field.
This likely varied from surgeon to surgeon and there
was no direct observation of surgeons’ sampling tech-
nique. Swabs were immediately transported to the bac-
teriology laboratory in modified Amies transport medi-
um.

Microbiological Study

Under sterile conditions, swabs were used to inocu-
late brain-heart infusion broth using standard methods
(aerobic and anaerobic) before transfer to plates, which
were incubated at 37°C and examined every day for 7
days. Bacteria were isolated using brain-heart infusion
agar, identified with the API Identification System
(bicMérieux Diagnostics, Marcy V'Etoile, France), and
subjected to susceptibility testing. Wound cultures were
considered negative if both aerobic and anaerobic broth
cultures were negative. A single positive culture qualified
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TABLE 1
MICROORGANISMS OBTAINED FROM THE POSITIVE
INTRAOPERATIVE CULTURES

TABLE 2
LITERATURE REVIEW OF THE VALUE OF INTRAOPERATIVE
CULTURES IN CLEAN ORTHOPEDIC SURGERY

Bacteria No. (%)
Coagulase-negative staphylococci 51 (63)
Propionibacterium species 22 (23)
Corynebacterium species 11 (11)
Streptococcus species 44
Bacillus species 4(4)
Micrococcus species 1)
Proteus mirabilis 1(Q1)
Escherichia coli 1Q)
Stomatococcus mucilaginous 1(1)
Streptococcus species and 1)
Propionibacterium species
Total 97 (100)

a patient as having a positive deep wound culture. The
physicians were not blinded to the culture results of the
study, but no preemptive antibiotic therapy was given to
patients with positive intraoperative cultures.

Definition of Infection

Postoperative infection was defined as infection of
the surgical site within 30 days after the operation if there
was no implant present, or within 1 year if there was an
implant. Superficial infection was defined as infection
involving only the skin or subcutaneous tissue (superficial
to the fascia), and deep infection was defined as that
involving the tissues deep to the fascial plane.* A clinical
examination was performed on all patients included in the
study. For patients with abnormal findings on physical
examination, laboratory tests, plain radiographs, aspira-
tion, ultrasonography, and radionucleotide imaging were
used to confirm a diagnosis of infection.

Statistical Analysis

Data were prospectively analyzed using a specially
designed case report form, with one form per patient. The
following data were recorded onto an electronic spread-
sheet (Microsoft Excel, Microsoft Corp., Redmond, WA):
(1) date and type of operation; (2) date and number of pos-
itive cultures; (3) date of diagnosis of any postoperative
infection; and (4) the type of microorganism isolated. The
sensitivity, specificity, positive predictive value, and nega-
tive predictive value of the intraoperative wound cultures
for predicting infection were calculated using the number
of individual operations as the denominator, not the num-
ber of patients. Statistical analysis was performed using
Statview 5 software (SAS Institute, Inc., Cary, NC).
Continuous variables were presented as mean and stan-
dard deviation, and categorical variables as number and
percentage. The results were presented according to a
subgroup definition, patients with and without positive
cultures at the time of surgery.

Correlation
Between
Posltive
No. of Culture and
Patients or Type of Risk of
Study Wounds Culture Infection
Lindgren et al.! 107 Skin, drain tip Yes
Dietz et al.2 40 Tissue, fluids No
Moussa et al.? 21 ‘Wound, fluids No
Lindah! et al.” 60 Synovial, suction drainage Yes
Overgaard et al.® 78 Wound, drain tip, drainage No
Harwood et al.? 425 Fluids, drain tip No
Fitzgerald et al.l? 658 Wound, fluids Yes
Dobbins et al.! 26 Wound, fluids Yes

Current study 1,036 Fluids near implants or bone  No

RESULTS
Patients

From the total study population of 1,102 patients, 66
patients were excluded because of lack of follow-up. The
final study population thus included 1,036 patients (469
males and 567 females) with a mean age of 52 years (stan-
dard deviation, + 21 years; range, 15 to 95 years). All patients
had received antimicrobial prophylaxis with cefuroxime or
vancomycin. Operative procedures included prosthetic joint
surgery (n = 507, 43%), open reduction internal fixation of
fractures (n = 472, 40%), and others (eg, osteotomy, hard-
ware removal, and spine surgery; n = 201, 17%).

Deep Wound Cultures

Sixteen patients developed an infection following
1,180 clean orthopedic operations (1,180 cultures among
1,036 patients). Causative microbes included methicillin-
resistant Staphylococcus aureus (n = 6), methicillin-sensi-
tive S. aureus (n = 3), coagulase-negative staphylococci
(n = 2), Pseudomonas aeruginosa (n = 2), Enterococcus fae-
calis (n = 2), and Enterobacter cloacae (n = 2). Most of the
infecting pathogens (81%) were resistant to the drug cho-
sen for prophylaxis. There were a total of 1,083 negative
cultures (99%); 10 of these patients developed a postoper-
ative infection (3 superficial and 7 deep). Positive cultures
were noted after 97 operations (8.3%); 6 were followed by
an infection (4 superficial and 2 deep) (relative risk, 6.7;
95% confidence interval, 2.49 to 18.04; P = .001). Thus, in
these clean orthopedic procedures, the sensitivity, speci-
ficity, positive predictive value, and negative predictive
value of a deep wound culture to detect a postoperative
infection were 38%, 92%, 7%, and 99%, respectively.

Bacterial Identification
The most frequently identified bacterial organisms
were coagulase-negative staphylococci (53%), Propioni-
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bacterium species (23%), and Corynebacterium species
(11%). In all instances in which these organisms were iso-
lated from the intraoperative wound culture, no postopera-
tive infection developed due to microbes isolated.
Moreover, the bacteria growing in intraoperative wound
cultures of patients who developed an infection (n = 6) were
different from those responsible for the postoperative infec-
tion. The microorganisms obtained from the intraoperative
wound cultures are listed in Table 1.

DISCUSSION

Most of the patients (62%) who developed an infec-
tion following clean orthopedic surgery had negative deep
wound intraoperative cultures. Three-quarters of the bacte-
ria isolated from positive cultures were coagulase-negative
staphylococci and Propionibacterium species (74%), and
these cases did not have postoperative infection.
Coagulase-negative staphylococci and Propionibacterium
have been frequently associated with late infected prosthe-
ses.>® However, none of our patients with an implant and an
intraoperative wound culture positive for these organisms
showed any evidence of infection after 3 years of follow-up.
Additionally, the 6 patients who developed an infection after
having a positive intraoperative culture did so with a differ-
ent organism. Therefore, none of the 97 patients with a pos-
itive culture became infected with the organism cultured at
the time of their surgery.

The lack of bacterial growth does not necessarily
imply that the surgical field was sterile. A sterile surgical
field could explain the development of a postoperative
infection in 10 patients who had negative intraoperative
cultures, or some of these patients may have acquired a
new infection postoperatively. It is problematic that
patients developed a postoperative infection with an
organism different from that which was cultured in the
operating room, and we do not have a satisfactory expla-
nation for this. It is well known that in clean orthopedic
surgery most, if not all, patients receive some antibiotic
perioperatively as prophylaxis. In our institution, either
cefuroxime or vancomycin is used in this regard. This
practice did not change during the period of our study and
we did not correlate our results with the specific drug
being used.

Eight studies have evaluated the use of intraopera-
tive deep wound cultures, cultures of wound suction
drainage, or both for predicting infection following clean
orthopedic surgery (Table 2).3711 Half of the studies

have reported that the results of such cultures predict
infection. Most of the prior studies of this question have
used antibiotic prophylaxis, so this variable does not
appear to explain the difference between positive and neg-
ative studies. In a recent study, we found that a positive
suction drainage culture did not predict postoperative
infection for clean orthopedic surgery, but was highly pre-
dictive of persistent sepsis for septic orthopedic surgery.'?
Although the current study found that intraoperative deep
wound cultures did not predict infection following clean
surgery, it is possible that the risk of infection would be
higher in patients with virulent bacteria (eg, S. aureus). It
was of interest that patients with a positive intraoperative
culture were 6.7-fold more likely to develop postoperative
infection than were those with a negative intraoperative
culture. This may be because the infecting microbe was
present in lower (undetectable) numbers, but was more
virulent than the one that was detected.
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