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a b s t r a c t

The association of hyperglycemia with postoperative infectious complications after foot and ankle surgery
has been well studied. However, many surgeons in their current practice use the somewhat arbitrary cutoff of
7% glycosylated hemoglobin (HbA1c) as the level above which surgery is considered unsafe and conducive to
complications. Our goal in the present study was to assess the relationship between the HbA1c levels and the
rate of postoperative infection to begin to determine whether 7% is a suitable cutoff or whether this level
needs to be reevaluated. Furthermore, we were interested in the general trends relating to the infection rates
and preoperative HbA1c levels. Our preliminary, subjective, analysis has indicated that infection rates
increase steadily as the HbA1c increases toward 7.3%, increase rapidly at an HbA1c of 7.3% to 9.8%, and then
level off. Additional study is warranted to better understand the role played by other covariates in deter-
mining the infection rate and to investigate whether patient selection has influenced the appearance of
decreased infection rates at high HbA1c levels. Additional study could also assess similar relationships
for other types of complication, such as nonunion, and perhaps examine different foot and ankle procedures
in isolation.

� 2014 by the American College of Foot and Ankle Surgeons. All rights reserved.
The association of hyperglycemia and complications after surgery
has been widely documented (1–17). In particular, long-term glucose
control, measured by glycosylated hemoglobin (HbA1c), is known as a
major risk factor for negative outcomes after major surgery, including
coronary artery procedures (6–10). In foot and ankle surgery, poorly
controlled and complicated diabetes are known to predispose to
postoperative soft tissue and bone healing complications (13–16,
18,19).

Patients with diabetes mellitus, especially when the disease is
poorly controlled, could also have associated comorbid conditions
that place them at greater risk of postoperative complications. Post-
operative complications will lead to greater healthcare costs and
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poorer overall outcomes. Determining whether HbA1c is associated
with complications and what level would be safe for patients un-
dergoing foot and ankle surgery are thus important in guiding surgical
decision making.

The current guidelines, as published by the American Diabetes
Association (20), have indicated that surgery should be avoided if
possible for those patients with HbA1c greater than 7%. However, the
justification for this cutoff is not clear. Although the American
Diabetes Association guidelines cited several studies regarding the
HbA1c level and complications (21–31), many have presupposed the
7% cutoff or noted that the HbA1c in the study group with compli-
cations was greater than roughly 7%. None has examined the validity
of using this particular cutoff, and all are studies were of the long-
term complications of diabetes, rather than surgical complications.

Our goal in the present study was to examine a group of diabetic
patients and explore the relationship between HbA1c levels and
infectious complication rates after foot and ankle surgery. We looked
for the points at which the rate of complication began to rapidly
increase and the levels of HbA1c at which the complication rates
were relatively stable.
s. All rights reserved.
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Table 2
Cochrane-Armitage test for trend results

HbA1c (%) Patients (n) Infections (n) %

�4.5 0
>4.5 but �5 1 0 0
>5 but �5.5 11 1 9.09
>5.5 but �6 27 2 7.41
>6 but �6.5 60 11 18.33
>6.5 but �7 62 13 20.97
>7 but �7.5 43 12 27.91
>7.5 but �8 36 12 33.33
>8 but �8.5 26 9 34.62
>8.5 but �9 11 8 72.73
>9 but �9.5 14 9 64.29
>9.5 but �10 7 4 57.14
>10 24 12 50

Abbreviation: HbA1c, glycosylated hemoglobin.
The Cochrane-Armitage test for trend was significant (p < .001).
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Methods

Data Collection

Wequeried the electronicmedical records at Scott andWhite Healthcare to identify
diabetic patients who had undergone foot and ankle surgery during a 5-year period,
January 2007 to December 2011. The search parameters were the “International
Classification of Diseases, 9th revision,” code for all subcategories of diabetes mellitus
(code 250) and Common Procedural Terminology codes of 27600 to 28899 for foot and
ankle surgery. Our institution’s internal review board approved our observational
study protocol.

Although other demographic and outcome variables were recorded for the pur-
poses of other studies using the same data set and are listed in Table 1, in the present
study, we focused on the following information. The medical charts were examined for
preoperative HbA1c values recorded within 3 months before the date of surgery and
whether deep or superficial postoperative infections had developed within 30 days
after surgery. The severity of the infectionwas defined as superficial, requiring only oral
or topical antibiotics, versus deep, requiring intravenous antibiotics with or without
reoperation. This definition was in accordance with that from the Centers for Disease
Control and Prevention (32).

We only included patients with well-established pharmacologically treated dia-
betes mellitus, regardless of the diabetes subtype. We excluded patients with a longer
than 2-day course of antibiotic use within 1 week before surgery, patients taking
immunosuppressant agents (including glucocorticoids, antibiotics, cytostatics, drugs
acting on immunophilins, and other drugs specifically used for immunosuppression),
those older than 80 or younger than 12 years, and patients whose medical records do
not extend for at least 3 months after the date of surgery.

Statistical Analysis

The study population was described using the mean � standard deviation or
percentages, as appropriate. The Student’s t test or analysis of variance or the chi-square
test or Fisher’s exact test were performed to compare those with and without infection
in terms of the various preoperative and operative variables.

To study the trends and possible points at which the rates of infection changed, we
proceeded as follows. First, we divided the possible range of HbA1c values into discrete
groups: 4.5% or less, 4.5% to 5% inclusive, and by increments of 0.5 to the interval 9.5% to
10% inclusive, and greater than 10%. For each interval, we computed the prevalence of
complications within that interval. A Cochrane-Armitage test for trend was performed
to identify any trends in the data, and the data were plotted to provide a visual
impression of possible trends (Table 2; Fig. 1).

We next attempted to determine whether any linear relationship, either globally or
locally, was present between the HbA1c level and the rate of infection. To do this, and
Table 1
Demographic, procedure, and complication and infection information for our data set

Variable Value

Age (y) 60.19 � 10.39
Gender (n)
Male 97 (30.12)
Female 225 (69.88)

BMI* (kg/m2) 37.5 � 7.56
HbA1c 7.48 � 1.65
PVD, peripheral neuropathy, smoking history, history of ulcer

or infection
163 (50.62)

Operative timey (min) 75.05 � 49.96
Anatomic location
Forefoot 186 (57.76)
Rearfoot and ankle 129 (40.06)
Both 7 (2.17)

Procedure
Osseous 199 (61.80)
Soft tissue 60 (18.63)
Both 63 (19.57)

Infection
Deep 19 (5.90)
Superficial 74 (22.98)
Total 93 (28.88)

Other wound complications 116 (36.02)
Charcot arthropathy 5 (1.55)
Ipsilateral amputation 11 (3.41)

Abbreviations: BMI, body mass index; HbA1c, glycosylated hemoglobin; PVD, periph-
eral vascular disease.
Data presented as mean � standard deviation or n (%).

* Two patients were missing BMI data.
y Data missing for 29 patients.
remembering that the data appear “noisy,” we smoothed the data and obtained
“instantaneous” complication rates as follows. Specifically, for each patient, we
considered their HbA1c levels and then found all those patients whose HbA1c level was
within 1% point larger or smaller than that of the original patient. We then assigned, as
a rate of complication for the original patient, the percentage of all the selected patients
with complications.

We then fit a multivariate adaptive regression splines (MARS) regression to the
data. This type of regression allowed us to build a piecewise linear fit to the model, in
which we only needed to restrict the number of linear segments but not suggest where
the hinge points between the segments were. To have a general subjective sense of the
data, we fit a locally weighted scatterplot smoother (LOESS) curve with a window of
one half of the data. In choosing 2 hinge points, wewere suggesting that the data follow
1 linear trend at low HbA1c levels and 2 different trends for intermediate and high
HbA1c levels. Our thought was that the low levels would have relatively stable
complication rates, which would increase at intermediate levels and then increase even
more sharply at high levels.

Finally, to determine how useful and accurate the HbA1c levels are in predicting
infectious complications, we used receiver operating characteristic curve analysis to
identify an optimal cutoff for the prediction of infectious complications. The sensitivity,
specificity, and negative and positive predictive values of this classifier were studied.

Results

The demographic and operative data and postoperative outcomes
are summarized in Table 1. A total of 322 patients were included in
the present study, with mean HbA1c of 7.48% � 1.65%. A total of 93
infections (28.88%) developed.

On bivariate analysis, the only covariates significantly associated
with the occurrence of infection were the presence of comorbidities
and HbA1c. Of those with a comorbidity, 36.20% had an infection, and
of those without a comorbidity, only 21.38% had an infection. In those
with an infection, the mean HbA1c was 8.26% � 1.89%; among those
without an infection, it was 7.17% � 1.44% (Fig. 1).

The Cochrane-Armitage test for trend was significant (p < .001),
and, subjectively (Fig. 2), we found that the complication rate slowly
increased until the HbA1c reached 8% to 8.5%, then drastically
increased about 30%. As the HbA1c increased further, the complica-
tion rate decreased from a maximum of around 70%, reaching 50% in
those with a HbA1c level greater than 10%.

The smoothed data (Fig. 3), offering a finer view of the data,
showed that the infection rate increased with HbA1c increase until
about 10%, and, as the HbA1c level increased further, the infection rate
remained, on average, stable, although a great amount of variability
was seen.

MARS regression with 2 hinge points found a hinge at 7.3% and
9.8% (Fig. 4). This also reinforced the general impression of how the
complication rate changed with the changes in HbA1c level.

The area under the receiver operating characteristic curve was
0.70 (95% confidence interval 0.64 to 0.77). The point closest to the
upper left corner of the receiver operating characteristic curve was



Fig. 1. Box plot of glycosylated hemoglobin (HbA1c) in those with and without infection.

Fig. 3. Smoothed infection rate. For each patient, we assigned as their rate of complication
the percentage of patients with complication of those patients whose glycosylated
hemoglobin (HbA1c) was within 1% of that patient.
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chosen as a suitable cutoff point for predicting infection. Using this
point corresponded to a cutoff of 7.35%, with a sensitivity of 0.65 and
specificity of 0.69. Of our 322 patients, 67.39% had the predictor agree
with the outcome. With this cutoff, 190 patients had a level less than
and 132 patients greater than the cutoff, of whom 33 (17.37%) and 60
(45.45%) developed complications, for a negative and positive pre-
dictive value of 82.63% and 45.45%, respectively. The odds ratio for
infection between high and low was 3.94 (95% confidence interval
2.38 to 6.61).

Because we had only 24 patients with an HbA1c greater than 10%,
and that was the region inwhich the data appeared the most variable,
we repeated the analysis excluding these patients. The results
remained relatively unchanged.
Fig. 2. Plot showing Cochrane-Armitage trend. The Cochrane-Armitage test for trend was
significant (p < .001). The rate of infection within each range of glycosylated hemoglobin
(HbA1c) was plotted.
Discussion

The use of the cutoff of 7% seems to have come from the American
Diabetes Association recommendations (20), which in turn were
determined from a variety of studies (21–31) whose goal was not
to assess surgical outcomes but, rather, the long-term sequelae of
diabetes itself.

Our goal in the present study was to begin an investigation of this
cutoff and to determine whether a marked increase in infectious
complications did, indeed, occur at, or beginning at, the 7% point.

We immediately noted several salient points regarding our data.
First, those with a complication had an HbA1c of 8.26%, and those
Fig. 4. Assessment of trends in the smoothed data. Plotted were the smoothed data, a
simple linear regression line, a locally weighted scatterplot smoother (LOESS) regression,
and multivariate adaptive regression splines (MARS) regression with 2 breakpoints.
HbA1c, glycosylated hemoglobin.
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without had an HbA1c of 7.17%. This was a statistically significant
difference. Even if clinically, it might not be regarded as such, the
finding was interesting, because both levels are greater than
the recommended American Diabetes Association cutoff. However,
the mean HbA1c for the entire study population was 7.48%. It is un-
clear whether this HbA1c level was reflective of the patient mix that
might be seen in foot and ankle surgical practices in the United States
or was inflated because of our inclusion of emergent cases and, thus,
reflective of our population for the present study or, more generally,
our local practice. In any case, if those without a complication had an
average HbA1c greater than 7%, and this was not too skewed upward
by the inclusion of emergent cases, it could be argued that the 7%
cutoff point is too stringent (Fig. 3).

Using the MARS regression break points as a general guide, we
noted that the complication rates increased steadily as the HbA1c
increased toward 7% and then had a relatively steep increase until
about 10%. Beyond 10%, the trend was much less compelling, because
we had fewer patients and the complication rate was much more
variable. A possible explanation for this variability was the inclusion
of emergent cases with high HbA1c levels. Because the establish-
ment of glycemic control is not an option for these patients, these
patients could well have a high complication rate. However, those
patients who were not emergent cases but who had high HbA1c
levels were likely selected carefully by surgeons as good candidates
for surgery and were monitored closely postoperatively. At the lower
end of the HbA1c spectrum would likely be both less of an influence
from the inclusion of emergent cases and less self-selection by
surgeons.

Although a comparison of the mean HbA1c between the infection
and noninfection groups might suggest that the 7% cutoff could be too
strict, the MARS regression indicated a stronger relationship between
an increasing HbA1c level and infection rate at greater than the 7%
cutoff.

We note in passing the interesting graph provided by our
Cochrane-Armitage plot (Fig. 1), which would seem to indicate that
the increase in complication rates occurred at an HbA1c of about 8.5%.
Considering both this plot and the smoothed data plot (Fig. 2), we are
inclined to believe that this increase and the downward trend in
complications at HbA1c levels greater than 9% were both the result of
the arbitrary binning of data in Fig. 1.

Our study had several weaknesses. First, we included a very het-
erogeneous population in terms of procedures in different anatomic
locations within the foot and ankle and in terms of emergency status.
Although this variability did perhaps reduce the generalizability of
our study, we allowed it for a few reasons. First, wewanted to increase
the number of included patients and, thus, had to include a wider
variety of cases. Second, we wanted to ensure that we included pa-
tients with high HbA1c levels. Given that we expected that surgeons
would tend not to perform elective surgery on those with poorly
controlled diabetes, we were unlikely to find such patients, unless we
included emergent cases. Of the 24 patients with an HbA1c level
greater than 10%, 8 were emergent. However, we found that despite
high HbA1c levels, many patients still underwent elective foot and
ankle surgery. Of 82 patients with an HbA1c level greater than 8%,
only 18 were emergent. Third, our goal was to obtain a preliminary
view of the field as a whole; thus, an average view, rather than a very
specific one, seemed appropriate.

Another relatedweakness of the present study was that we did not
account for the variability in our patient population (age, gender,
elective or emergent, rear or forefoot procedure) by performing
multivariate analyses. We made this choice, because our study was
intended to be a preliminary study searching for overarching, general
trends. This weakness must be addressed in forthcoming studies if the
intent is anything more than simply examining trends.
The present study shared with all retrospective studies any issues
of relying on chart review. In our setting, the issues pertained to
recording the occurrence of infection. In a review of the published
literature, the rate of postoperative infection after foot and ankle
surgery ranged from 1.35% to 4.8% (14,33–37). Wukich et al (14), in
their comparison of 1,000 patients with and without diabetes, found
an overall infection rate of 4.8%. Their primary analysis revealed that
13.2% of patients with diabetes and 2.8% of patients without diabetes
had developed a postoperative infection. A secondary analysis was
performed after removing all procedures in which external fixation
was used. In their secondary analysis, 1.8% of nondiabetic patients, 4%
of patients with uncomplicated diabetes, and 17% of patients with
complicated diabetes developed a postoperative infection (14). In an
additional study, Wukich et al (33) reported a postoperative infection
rate of 2.8% in patients without diabetes and 9.5% in patients with
diabetes. In our study, 93 of 322 patients (28.88%) developed a post-
operative infection. This might have been falsely elevated secondary
to oversampling of the high-risk patients (by excluding those with
well-controlled diabetes with no HbA1c measure within 3 months
preoperatively) and, thus, might have overestimated the relationship
between the HbA1c level and postoperative infection. Also, in terms of
reporting infectious complications, some patients might have visited
their primary care physician or emergency department for evaluation
regarding their postoperative surgery if they had had concerns. These
physicians might have misconstrued a postoperative inflammation as
infection and prescribed antibiotics because of their lack of experi-
ence with postoperative processes and in recognition of the increase
of complications with diabetes. Surgeons might have prescribed an-
tibiotics postoperatively in cases of postoperative wound dehiscence.
It was up to the reviewer to determine from the medical records
whether an associated infectionwas present or whether this had been
a prophylactic measure, and errors could have occurred.

Given some of the weaknesses of the present study, future studies
investigating the issues surrounding cutoffs should perhaps focus on
1 type of surgery and restrict the patients to either emergent or
elective cases. An additional benefit to the focus on a single type of
procedurewould be that the rates of complication could vary with the
procedure, its complexity, operative time, soft tissue involvement,
and so forth. Focusing on 1 procedure would eliminate this variability.
The benefit of examining only emergent cases would be that it would
eliminate the self-selection that can arise with elective cases. The
disadvantage would be such patients would be less likely to have
HbA1c data available and other confounding injuries could be asso-
ciated with these emergent cases. Because infection can be very
inclusive, future studies should also consider the effect of HbA1c
levels on specific types of infection and other types of complications.

Although we did not find the dramatic increase in complications
we expected when the HbA1c level increased past 7%, a change was
seen at this point in the rate at which the incidence of complications
increased with the increasing HbA1c. The present preliminary study
should lead to additional evaluation of whether the 7% cutoff is being
applied and whether it is appropriate.
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