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A B S T R A C T

The purpose of this study was to compare the rates of readmission, reoperation, and mortality in patients with and
without diabetes mellitus during the 30-day postoperative period after ankle fracture surgery. Patients who
underwent operative management for ankle fractures between 2006 and 2015 were identified in the American
College of Surgeons National Surgical Quality Improvement Program

�
database by using Current Procedural Ter-

minology codes for ankle fracture surgery. A total of 17,464 patients undergoing ankle fracture surgery were iden-
tified. Of these patients, 2044 (11.7%) had diabetes and 15,420 (88.3%) did not have diabetes. We excluded
patients older than 90 years or with inadequate perioperative data. Patients with diabetes had significantly higher
rates of readmission (2.84% vs 1.05%, p < .0001), significantly higher rates of unplanned reoperation (2.3% vs
0.74%, p < .0001), and significantly higher rates of mortality (0.7% vs 0.2%, p < .0001) compared with patients
without diabetes. Additionally, patients with diabetes had significantly greater age-adjusted odds ratios (ORs) of
unplanned readmission (OR 2.40, 95% confidence interval [CI] 1.74 to 3.31, p < .0001), unplanned reoperation (OR
2.56, 95% CI 1.44 to 3.27, p < .0001), and mortality (OR 2.01, 95% CI 1.08 to 3.62, p = .0432) than did patients with-
out diabetes after ankle surgery. In this large-scale retrospective study, we demonstrated that the presence of dia-
betes significantly increases the risk of unplanned readmission, unplanned reoperation, and mortality during the
30-day postoperative period after ankle fracture surgery.

Published by Elsevier Inc. on behalf of the American College of Foot and Ankle Surgeons.
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Ankle fractures compose 9% of all fractures seen in adults, with an
annual incidence of 187 per 100,000 people in the United States (1,2).
These injuries may result in extended time for recovery and residual
functional impairment (3). The economic burden to patients often
involves the direct costs of hospital-related charges and the indirect
costs of temporary loss of work and permanent disability (4,5).

Diabetes mellitus (DM) is a growing health epidemic that affects
30.3 million people in the United States (6−8). Ankle fractures in
patients with DM are related to higher rates of complications, includ-
ing infection, malunion, and impaired wound healing after surgical
management compared with patients without DM (9−14). These dia-
betes-related complications in operativelymanaged ankle fractures
increase hospital costs ranging from length of stay to nonroutine dis-
charges (15−17).

Although several studies have reported the association of
DM with postoperative complications after open reduction
internal fixation (ORIF) for ankle fractures (10,14,18,19), to our
knowledge, there has not been a large-scale recent nationwide
study evaluating the rates of readmission, reoperation, and mortal-
ity associated with DM. Several database studies during the past
13 years have reviewed the outcomes of patients undergoing ankle
fracture repair. As a part of their statistical analysis, the studies
found that patients with DM experienced high rates of adverse out-
comes (13,17,20,21).

The purpose of this study was to expand on these previous studies,
incorporating data from the most recently reported information. Our
outcome measures were the rates of readmission, reoperation, and
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Table 1
Patient characteristics and fracture characteristics (N = 17,464 patients)

Patients With DM (n = 2,044) Patients Without DM (n = 15,420) p Value

Patient factors
Age, y, median (IQR) 63 (55 to 72) 48 (33 to 61) < .0001
Obesity, n (%) 1361 (66.6) 7265 (47.1) < .0001
Smoking, n (%) 361 (17.6) 2304 (26.4) < .0001
Steroid use, n (%) 67 (3.3) 213 (1.4) < .0001
Female, n (%) 1314 (64.1) 12,036 (61.1) .0126

Comorbidities, n (%)
Hypertension 1617 (79.2) 3970 (25.8) < .0001
COPD 179 (8.8) 392 (2.5%) < .0001
ESRD 74 (3.6) 41 (0.3) < .0001

Functional status, n (%)
Independent 1779 (87.0) 14,697 (95.3) < .0001
Partially dependent 219 (10.7) 554 (3.6) < .0001
Totally dependent 19 (0.9) 32 (0.2) < .0001

Laboratory values, median (IQR)
Creatinine, mg/dL 0.92 (0.74 to 1.22) 0.8 (0.70 to 0.99) < .0001
BUN, mg/dL 18 (13 to 25) 14 (11 to 17) < .0001
WBCs, £103/mL 8.6 (7 to 10.7) 8.5 (6.9 to 10.5) .1316

Fracture type, n (%)
Unimalleolar 468 (22.9) 3932 (25.5) .0137
Bimalleolar 1023 (50.0) 8265 (53.6) .0029
Trimalleolar 407 (19.9) 2328 (15.1) < .0001

Abbreviations: BUN, blood urea nitrogen; COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus; ESRD, end-stage renal disease; IQR, interquartile range; WBC, white blood cell.
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mortality after operative treatment of ankle fractures in patients with
DM. A secondary aim was to compare the outcomes of patients with
and without DM regarding these complications during the 30-day peri-
operative period after ORIF.

Patients and Methods

Study Population

The American College of Surgeons National Surgical Quality Improvement Program
�

(ACS-NSQIP
�
, Chicago, IL) database is a validated and risk-adjusted database of 30-day

perioperative outcomes from a national sample of more than 600 participating hospitals
in the United States (22). Patients who underwent ORIF for ankle fractures between 2006
and 2015 were identified in the ACS-NSQIP

�
database by using Current Procedural Termi-

nology (CPT) codes: 27766, 27769, 27786, 27792, 27808, 27814, 27816, 27822, 27823,
27826, 27827, 27828, and 27829. Patients were excluded if they were older than 90 years
or did not have adequate perioperative data. A total of 17,464 patients were identified
and included in the current study.

Diabetes Mellitus

The main independent variable of this study was a cohort of NSQIP patients with DM
vs patients without DM who underwent ORIF for ankle fractures. Patients with DM who
routinely take antidiabetic agents (insulin and/or noninsulin agents) at the time of admis-
sion were included in the DM cohort. Patients without DM, or patients whose DM was
controlled by diet alone, were included in the non-DM cohort according to the ACS-
NSQIP

�
database.

Outcome Variables

The primary outcomes for this study were 30-day postoperative readmission, reoper-
ation, mortality, and length of stay after ankle ORIF. “Readmission” was defined as
unplanned readmission to the same or another hospital that was related to the original
ankle fracture procedure. “Reoperation” was defined as an unplanned return to the oper-
ating room for surgery that was related to the original ankle fracture procedure. “Mortal-
ity” was defined as patient death within 30 days of the ankle fracture surgery. Cause-
specific mortality is not reported in the ACS-NSQIP

�
database. “Length of stay” was

defined as number of days spent at the hospital after surgery, and based on the admission
date and the discharge date. Readmission, reoperation, and mortality were operational-
ized as binary outcomes for statistical modeling.

Before 2012, reporting in the ACS-NSQIP
�
database did not distinguish between read-

missions/reoperations that were related to the index procedure vs nonrelated causes.
Thus, analyses for readmission and reoperation were performed only on patients from
2012 to 2015. Analyses for length of stay and mortality were performed on patients from
2006 to 2015, as these variables were available in the ACS-NSQIP

�
database from the

beginning.
For descriptive purposes, readmission was subcategorized based on the following
reasons for readmission: fracture complication, surgical site infection (SSI), pulmonary
embolism, wound dehiscence, and other. Reoperation was subcategorized based on rea-
son for reoperation: unplanned ankle fracture revision, unplanned removal of fixation
device, irrigation and debridement, amputation, and other surgical procedures.

Covariates

Patient factors such as age, sex, smoking history, body mass index (BMI), level of pre-
operative functional dependence, and length of hospital stay—in addition to patient
comorbidities such as hypertension (HTN), chronic obstructive pulmonary disease
(COPD), end-stage renal disease (ESRD), and chronic steroid use—were included in the
analyses. “HTN” was defined as a positive history for blood pressure elevation severe
enough to require antihypertensive medication. “Obesity” was defined as a BMI >30 kg/
m2. “ESRD” was defined as chronic renal failure requiring dialysis. Patient functional sta-
tus was recorded as independent, partially dependent, or totally dependent. Preoperative
laboratory values included serum creatinine, blood urea nitrogen (BUN), and white blood
cell count (WBC).

Statistical Analysis

Demographic and clinical characteristics were described by using median and 25th to
75th interquartile range (IQR) for continuous variables and by using the frequency and
percentage for categorical variables. Statistical tests used to compare differences between
patients with DM and nonpatients with DM were Mann-Whitney U test for nonparamet-
ric continuous variables and x2 test of homogeneity for categorical variables. Separate
multiple logistic regression models were implemented to estimate the odds of readmis-
sion, reoperation, and mortality after ORIF of ankle fractures in patients with DM com-
pared with patients without DM, while controlling for age and, separately, controlling for
age and comorbidities. Adjusted odds ratios (ORs) along with 95% confidence intervals
(CIs) were reported. Statistical analyses were performed by using IBM SPSS Statistics, ver-
sion 23 (IBM, Armonk, NY). The level of statistical significance was set at a = .05 (2-tailed),
and the Benjamini-Hochberg method of false discovery rate p-value adjustment of multi-
ple tests was performed (23).

Results

Participant Characteristics

From 2006 to 2015, a total of 17,464 patients undergoing ankle ORIF
were identified. Of these patients, 2044 (11.7%) had DM and 15,420
(88.3%) did not have DM. Patient factors, comorbidities, functional sta-
tus, and preoperative laboratory values are summarized in Table 1.
Patients with DMwere significantly older (p < .0001), more likely to be
female (p < .0126), more likely to be functionally dependent (p <



Table 2
Postoperative length of stay, readmission, reoperation, and mortality (N = 17,464
patients)

Patients With
DM

Patients Without
DM

p Value

Readmission,* n (%) 58 (3.70) 162 (1.33) < .0001
Surgical site infection 26 (1.65) 66 (0.54) < .0001
Fracture complication 14 (0.89) 54 (0.44) .0232
Venous thromboembolism 5 (0.32) 16 (0.13) .0860
Wound dehiscence 5 (0.32) 9 (0.07) .0063

Reoperation,* n (%) 48 (3.06) 114 (0.93) < .0001
Fracture repair revision 19 (1.21) 56 (0.46) .0003
Irrigation and debridement 11 (0.70) 40 (0.32) .0308
Unplanned removal of fixation device 7 (0.44) 10 (0.08) < .0001
Amputation 3 (0.19) 1 (0.01) < .0001

Mortality,+ n (%) 15 (0.7) 32 (0.2) < .0001
Length of stay,+ days, median (IQR) 2 (1 to 3) 1 (0 to 2) < .0001

Abbreviations: DM, diabetes mellitus; IQR, interquartile range.
* Readmission and reoperation data were available only from 2012 through 2015

(n = 13,766). Reasons for readmission and reoperation are listed in order of decreasing
frequency.

+ Mortality and length of stay analysis was done for all patients from 2006 through
2015 (N = 17,464).

Table 3
Multiple logistic regression results for the effect of diabetes mellitus on readmission,
reoperation, and mortality (N = 17,464 patients)

Odds Ratio (95% CI) p Value

Age adjusted
Readmission 2.40 (1.74 to 3.31) < .0001
Reoperation 2.56 (1.76 to 3.73) < .0001
Mortality 2.01 (1.08 to 3.62) .0432

Age/comorbidity adjusted
Readmission 1.70 (1.21 to 2.40) < .0001
Reoperation 2.17 (1.44 to 3.27) < .0001
Mortality 1.07 (0.55 to 2.08) .8570

Abbreviation: CI, confidence interval.
Age-adjusted odds ratios controlled for differences in age between the diabetes mellitus
(DM) and non-DM cohort. Age/comorbidity-adjusted odds ratios controlled for both age
and other comorbidities (obesity, steroid use, hypertension, chronic obstructive pulmo-
nary disease, end-stage renal disease, and functional dependence).

* Readmission and reoperation data were available only from 2012 through 2015
(n = 13,766). Reasons for readmission and reoperation are listed in order of decreasing
frequency.

+ Mortality and length of stay analysis was done for all patients from 2006 through
2015 (N = 17,464).
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.0001), less likely to have a smoking history (p < .0001), more likely to
be obese (p < .0001), and more likely to use steroids (p < .0001) com-
pared with patients without DM (Table 1). Comorbidities such as HTN
(p < .0001), ESRD (p< .0001), and COPD (p < .0001) were significantly
more prevalent in patients with DM (Table 1). Patients with DM had sig-
nificantly higher preoperative BUN (p < .0001) and creatinine levels (p
< .0001), but no significant differences in preoperative WBC levels (p =
.1215) were appreciated.

Types of Ankle Fractures

The distribution of the types of ankle fractures seen in patients with
DM and without DM is shown in Table 1. Bimalleolar fractures were
most common (n = 9288, 53.2%) followed by unimalleolar (n = 4400,
25.2%) and trimalleolar fractures (n = 2375, 15.7%). The DM cohort had
significantly higher rates of trimalleolar fractures (p < .0001) and lower
rates of unimalleolar (p = .0137) and bimalleolar (p = .0029) fractures
compared with the non-DM cohort (Table 1).

Outcome Variables: Readmission, Reoperation, Mortality, and Length of
Stay

From 2012 to 2015, there were 220 total unplanned readmissions of
13,766 patients analyzed for unplanned readmission. Unplanned read-
mission was most commonly owed to SSI (n = 92, 41.8%) followed by
fracture complication (n = 68, 30.9%). Patients with DM had significantly
higher rates of readmission (Table 2) within the 30-day perioperative
period compared with patients without DM (3.70% vs 1.32%, p <
.0001). Additionally, patients with DM had higher rates for readmission
owed to SSI (1.65% vs 0.54%, p < .0001), fracture complications (0.89%
vs 0.44%, p = .0232), and wound dehiscence (0.32% vs 0.07%, p = .0063)
as shown in Table 2.

Of the 13,766 patients analyzed for unplanned reoperation from
2012 to 2015, there were 162 unplanned reoperations. Of these
unplanned reoperations, 75 (46.3%) were documented as ankle fracture
revision surgery, 51 (31.5%) as irrigation and debridement procedures,
and 17 (10.5%) as unplanned removal of fixation devices. Patients with
DM had significantly higher rates of unplanned reoperation (Table 2)
compared with patients without DM (3.06% vs 0.93%, p < .0001).
Patients with DM were also significantly more likely to require fracture
repair revision procedures (1.21% vs 0.46%, p = .0003) and skin debride-
ment procedures (0.70% vs 0.32%, p = .0308), as shown in Table 2.
Although prevalence of perioperative lower-extremity amputation was
very low (n = 4, 0.02%), patients with DM were significantly more likely
to require amputation than were patients without DM (0.2% vs 0.01%).

Of 17,464 patients analyzed from 2006 to 2015, 52 patients died
during the 30-day perioperative period after ankle ORIF. Patients with
DM had a significantly higher perioperative mortality (Table 2) than did
patients without DM (0.7% vs 0.2%, p < .0001).

Patients with DM had a significantly longer median postoperative
length of stay (2 days) compared with patients without DM, who had a
median postoperative length of stay of 1 day (p < .0001; Table 2).

ORs for Readmission, Reoperation, and Mortality

The prevalences of perioperative unplanned readmission,
unplanned reoperation, and mortality in the DM and non-DM groups
are described in Table 2. Patients with DM had significantly greater age-
adjusted odds of unplanned readmission (OR 2.40, 95% CI 1.76 to 3.73,
p < .0001), unplanned reoperation (OR 2.56, 95% CI 1.44 to 3.27, p <
.0001), and mortality (OR 2.01, 95% CI 1.08 to 3.62, p = .0432) than did
patients without DM after ankle ORIF (Table 3).

Even with adjustment for comorbidities, patients with DM had a sig-
nificantly greater odds of unplanned readmission (OR 1.70, 95% CI 1.21
to 2.40, p < .0001) and reoperation (OR 2.17, 95% CI 1.44 to 3.27, p <
.0001) than did patients without DM (Table 3); however, the difference
in perioperative mortality was not significant (OR 1.07, 95% CI 0.55 to
2.08, p = .8570).

Discussion

The ACS-NSQIP database prospectively collects a large volume of
data from hundreds of participating hospitals across the United States.
Improvement in quality metrics, based on initiatives derived from ACS-
NSQIP

�
data, has been reported in Veterans Administration hospitals,

military hospitals, and the private sector (24−27). As we transition
from volume-based to value-based reimbursement, reducing the rates
of readmission, reoperation, and mortality becomes paramount. The
ACS-NSQIP

�
provides us with validated perioperative risk factors that

identify areas of quality improvement, potentially reducing costs and
improve outcomes. While participation in ACS-NSQIP

�
is voluntary, par-

ticipating surgeons and healthcare systems have access to these data.
In reviewing the data on ankle fracture repair from 2006 through

2015, we found several important findings, particularly in patients with
DM. When adjusting for age, DM was identified as an independent risk
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factor for unplanned readmission, reoperation, and mortality during the
30-day perioperative period after ORIF ankle fracture surgery. We are
not the first to report on the complication rate observed when extract-
ing data from large databases. In 2005, Ganesh et al (17) analyzed data
from the Nationwide Inpatient Sample for 1988 through 2000. They
found that patients with DM (N = 9174) who underwent surgical treat-
ment of ankle fractures had higher rates of mortality and complications
and longer hospital stays than did patients without DM. SooHoo et al
(13) reported on data obtained from California hospital discharges from
1995 to 2005, identifying nearly 6000 patients with DM who were
treated for ankle fractures. Their study found that patients with compli-
cations of DM (neuropathy, peripheral artery disease, renal disease)
were at risk for the development of postoperative complications. Bas-
ques et al (20) reported on 4412 patients with DM and found that insu-
lin-dependent DM was associated with higher rates of adverse effects
after ankle fracture repair. Finally, Belmont et al (21) reported on 3328
patients and found that DM was significantly associated with longer
hospital stays.

Thirty-day readmission has been a primary performance-based met-
ric used by the Centers for Medicare and Medicaid Services to evaluate
quality of patient care and to guide reimbursement rates to both hospi-
tal systems and providers, aimed at reducing costly readmissions (28).
In 2004, the cost of unplanned readmission for all surgical specialties
was estimated to be $17.4 million (29). The 30-day readmission rate for
orthopedic surgery was approximately 5.4% and was associated with
increased age, length of hospital stay, elevated body mass index, and
American Society of Anesthesiologists (ASA) classification of 4 or higher,
and discharge to a skilled nursing facility (15). Approximately half of the
orthopedic readmissions were due to wound complications from SSIs.
Basques et al (20) examined 30-day readmission rates from the ACS-
NSQIP

�
database for ankle fractures after ORIF. Using a multivariate

analysis, Basques et al (20) found that significant predictors of any
adverse event included insulin-dependent DM, age of 60 or older, ASA
classification of 3or higher, bimalleolar fractures, hypertension, and
dependent functional status. The authors reported a 3.17% readmission
rate associated with an ASA classification of 3 or higher (OR 2.01, 95% CI
1.13 to 3.57). In this study, we also found an increased OR for 30-day
readmission in patients with DM compared with patients without DM
(OR 2.40, 95% CI 1.74 to 3.31).

Unplanned reoperation secondary to serious adverse events and/or
complications is a potential indicator of quality of treatment and risk
management. The mean cost of reoperation within 30 days in general
surgery was estimated to be $82,300 for each patient compared with
$17,700 for patients without reoperation. Barksfield et al (30) reported
on the epidemiology of reoperation rates in patients with orthopedic
trauma. They found that the 28-day unplanned reoperation rate after
ORIF of ankle fractures was 1.86%, which increased to 8% during the fol-
low-up period. In addition, the authors noted that the reoperation rate
for ankle fractures was higher than that rate for any other anatomic
region (ankle > hand > shoulder > wrist > knee = tibia > elbow >
forearm) except for the hip/proximal femur. Our overall 30-day reoper-
ation rate was 1.18% (162 of 13,766 patients), which is lower than the
rate of 1.86% reported by Barksfield et al. However, patients with DM
were 2.5 times more likely to require readmission than were patients
without DM (OR 2.56, 95% CI 1.76 to 3.73).

Mortality has been used by the CMS as a metric to evaluate
treatment quality for acute myocardial infarction, heart failure, and
pneumonia. Soohoo et al (13) identified an increased mortality rate
after ORIF of ankle fractures in patients with DM with comorbidities
(4.27%) compared with patients with DM without comorbidities
(2.53%). In our study, we also found greater age-adjusted odds of
30-day mortality in patients with DM compared with patients with-
out DM after operative ankle fracture fixation (OR 2.01, 95% CI 1.08
to 3.62, p = .0432).
Many factors contribute to the increased rates of complications, sub-
sequent readmissions, and reoperations in patients with DM after ankle
fracture repair surgery. Delayed fracture healing in patients with DM
has been attributed to a combination of metabolic alterations, neuropa-
thy, and angiopathy. DM-related metabolic alternations include
decreased synthesis of collagen and growth factors, impaired osteoblast
functionality, impaired callus formation, and increased levels of
advanced glycation end-products (31,32). Furthermore, it has been
shown that there is an increased risk for SSIs in patients with DM
(33,34), which has been linked to impaired chemotactic and phagocytic
function of macrophages and granulocytes (35).

The primary limitation of this studywas that it was a retrospective data-
base study. Readers should recognize that participation in ACS-NSQIP

�
is

voluntary, and potential selection bias is present because there is a prepon-
derance of tertiary care and academic institutions in the ACS-NSQIP

�
data-

base. Nonetheless, recent studies have found that there is no difference in
improvement in postoperative outcomes when comparing participating
with nonparticipating hospitals (36,37). Additionally, the ACS-NSQIP

�
data-

base followed patients only for 30 days postoperative. Thus, our resultsmay
underestimate the true rate of complications, readmissions, reoperations,
and mortality seen in patients undergoing ankle fracture surgery. The data-
base does not record the method of fracture fixation, surgeon experience,
hospital volume, or results from procedures performed at independent
ambulatory surgical centers. Furthermore, the ACS-NSQIP

�
database did not

include some important parameters for assessing diabetes such as type of
DM (type 1 vs type 2), duration of DM, perioperative glucosemeasurements,
glycated hemoglobin, peripheral neuropathy, and peripheral vascular dis-
ease. Another source of bias arises from theway diabetes is classified by the
ACS-NSQIP

�
database. The criterion todefinediabetes in the registry is based

on data that are collected at the time of hospital admission, and the primary
criterion to define diabetes is the use of medications for diabetes. Conse-
quently, this may underestimate the number of patients in the DM group
because patients who are diagnosed during hospital admission and patients
who are diet controlled are included in the “nondiabetic group.” Patients
with “diet”-controlledDMmayalso represent a segmentof thediabetic pop-
ulation with a lower risk of diabetes-related complications. However,
despite these limitations, the current study contributes significantly to the
growing body of literature on the epidemiology of diabetes-related foot
complications.

The strength of this study is that we reported on the results of
>17,000 patients who underwent ankle fracture surgery, of whom
>2000 patients had DM. This is the largest study to date using the ACS-
NSQIP

�
database to evaluate the outcomes of patients with and without

DM after ankle fracture surgery. The outcomes reported represent real-
world treatment of ankle fractures and is not subject to the inherent
bias of the experience of a single surgeon or single institution.

In this large-scale retrospective study of a national database, we
demonstrated that the presence of DM significantly increases the risk of
unplanned readmission, unplanned reoperation, and mortality within
30 days after ankle fracture ORIF. Thus, patients with DM who require
ankle ORIF surgery should be informed of their increased risk of compli-
cations and additional precautions should be taken to minimize risk.
Further research in optimization of perioperative care for diabetic
patients is crucial to reducing rates of complication. Ideally, future large
clinical databases such as ACS-NSQIP

�
should endeavor to record more

patient-related variables to facilitate these studies.
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