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OBJECTIVEdThis prospective study was designed to evaluate the rate of surgical site in-
fection (SSI) after foot and ankle surgery in patients with and without diabetes.

RESEARCH DESIGNANDMETHODSdThe study prospectively evaluated 1,465 con-
secutive foot and ankle surgical cases performed by a single surgeon.

RESULTSdThe overall SSI rate in this study was 3.5%, with significantly more infections
occurring in individuals with diabetes than in those without (9.5 vs. 2.4%, P, 0.001). Peripheral
neuropathy, Charcot neuroarthropathy, current or past smoking, and increasing length of sur-
gery were significantly associated with SSI on multivariate analysis.

CONCLUSIONSdThis study demonstrates significant associations between the develop-
ment of SSI and chronic complications of diabetes. We confirm previous findings that it is
peripheral neuropathy and not diabetes itself that most strongly determines the development
of postoperative infections in these surgical patients.
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Surgical site infection (SSI) in patients
with diabetes leads to increased mor-
bidity, mortality, length of stay, and

health care costs. Patients with diabetes,
particularly when the disease is poorly
controlled, may have associated comor-
bid conditions that place them at in-
creased risk for postoperative infections
(1). The hypothesis of this study was that
patients with diabetes were at increased
risk for SSI after foot and ankle surgery
compared with patients without diabetes,
and those patients with complications
of diabetes would be at even higher risk
for SSI.

RESEARCH DESIGN AND
METHODSdInstitutional review board
approval was obtained, and a comprehen-
sive registry was created. Patients were
evaluated for peripheral neuropathy using
the Michigan Neuropathy Screening In-
dex (MNSI) (2). The diagnosis of periph-
eral artery disease (PAD) was made based
on previous recommendations (3). An SSI

was defined as an infection that occurred
within 30 days of surgery at the site of a
surgical incision. Antibiotic coverage con-
sisted of one preoperative intravenous
dose for outpatients and 24 h of perioper-
ative coverage for inpatients. If patients
were not allergic to penicillin, cefazolin was
administered. Alternatively, clindamycin
or vancomycin was used in patients with
penicillin allergies. Patients with active
ulcers who underwent reconstructive sur-
gery were excluded from analysis if intra-
operative deep soft tissue or bone cultures
were positive. For the purposes of this
study, SSI was chosen as the primary
dependent variable and various risk fac-
tors that have been associated with SSI as
potential independent variables. Pearson
x2 tests and univariate logistic regression
were used to analyze dichotomous vari-
ables for their associationswith SSI. Student
t tests with equal variance were used to
determine significant differences of the
means of normally distributed continuous
variables (i.e., age) between groups. For

nonparametric data, Wilcoxin rank sum
tests were used. Statistical significance
was taken at an a level = 0.05 (P # 0.05)
with associated 95% CI. Multivariate lo-
gistic regression was performed for all in-
dependent variables that achieved a
univariate P value of #0.05. Logistic re-
gression was also performed to estimate
odds ratios (ORs) with 95% CI for associ-
ations with SSI between the various risk
factors.

RESULTSdPatient demographics are
listed in Table 1. Fifteen percent of our
patients were diagnosed as having type 1
diabetes, and 85% were diagnosed with
type 2 diabetes, although 47% of all pa-
tients with diabetes required the use of
insulin. The mean duration of diabetes
was 13.2 6 11.9 years, the mean preop-
erative fasting glucose was 1466 59, and
the mean glycohemoglobin level was
7.9 6 1.5%.

Preoperatively, we measured hemo-
globin A1c levels in all nondiabetic neuro-
pathic patients, and the mean value was
6.0%, compared with 7.4% in patients
with diabetes (P , 0.0001).

Three of the 1,465 patients (0.2%)
enrolled in this study did not have a
minimum follow-up of 30 days. Overall,
51 of 1,462 patients (3.5%) experienced
an SSI. Twenty-one of 221 (9.5%) patients
with diabetes developed an SSI compared
with 30 of 1,241 (2.4%) of patients
without diabetes (P , 0.001). Univariate
analysis demonstrated significant associ-
ations between the development of SSI
and increasing age, male sex, Charcot
neuroarthropathy (CN), diabetes, previ-
ous or current ulcer, increasing length
of surgery, peripheral neuropathy, and
the use of tobacco. American Society
of Anesthesiology (ASA) class, serum cre-
atinine, obesity, PAD, rheumatoid arthritis,
and history of solid organ transplanta-
tion were not significantly associated
with SSI.

Stepwise, multivariate logistic regres-
sion demonstrated that, when controlling
for those variables with significant associ-
ations found on univariate analysis, only
neuropathy (OR 3.58 [95%CI 1.76–7.30];
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P, 0.001), current or past smoking (1.91
[1.04–3.51]; P , 0.05), diagnosis of CN
(2.38 [1.05–5.39]; P , 0.001), and in-
creasing duration of surgery (1.01 [1.01–
1.02] P , 0.005) remained significantly
associated with SSI. Diabetes, male sex,
and ulcer history were not found to be as-
sociated with SSI in multivariate analysis.

CONCLUSIONSdDiabetes, espe-
cially when complicated by neuropathy
and foot ulcers, is a known contributing
factor that increases the risk for postop-
erative infection after foot and ankle
surgery (1). Armstrong et al. (4) also re-
ported that patients with a loss of pro-
tective sensation had a postoperative
infection rate of 6.7%, providing addi-
tional evidence that peripheral neurop-
athy predisposed diabetic patients to
postoperative infection. Two recent large
series of operatively treated ankle frac-
tures in patients with diabetes reported
significantly higher rates of infection in
patients with chronic complications of di-
abetes, such as neuropathy and PAD
(5,6). Other variables that have been as-
sociated with SSI after orthopedic surgery
include admission for surgery from a
health care facility, ASA $3, suboptimal

perioperative glycemic control, and pro-
longed surgery (7–9).

One of the strengths of this study
concerns the quantification and diagnosis
of neuropathy using the MNSI in surgical
patients. A neurologic examination that
relies solely on the absence of monofila-
ment perception will not identify diabetic
patients with subtle neuropathic changes.
We recognize that other screening tests
are also validated in identifying diabetic
neuropathy, and the specific method of
diagnosing neuropathy should be at the
discretion of the individual physician
(10–13). It is vital to identify the presence
of peripheral neuropathy, since up to
50% of patients with diabetic neuropathy
may be asymptomatic. Preoperative rec-
ognition of peripheral neuropathy allows
surgeons to stratify the surgical risks ap-
propriately, since this complication of di-
abetes increases the risk of SSI by nearly a
factor of four. This prospective study of
1,462 surgical cases demonstrates signif-
icant associations on multivariate analysis
between the development of SSI and neu-
ropathy, CN, current or past smoking,
and increasing duration of surgery.
Chronic complications of diabetes, such
as the presence of peripheral neuropathy
and CN, aremost strongly associated with

the development of a postoperative infec-
tion in patients undergoing foot and ankle
surgery. The mechanism by which neu-
ropathy increases the rate of infection is
unknown. A possible explanation may be
related to a deficiency of vasoactive neu-
ropeptides in patients with neuropathy,
which may impair normal soft tissue
and osseous healing (14). We recognize
that our study group of 221 patients with
diabetes is relatively small and that future
prospective studies should attempt to
have a more equal distribution of patients
between the study and control groups.
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