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Commentary: A database study using NSQIP 2013-2014 examining 30 day adverse events, readmission rate and cause
in 5056 patients. They found that most readmissions were unrelated to the surgical site, and of those at the surgical site
deep infections, superficial infections, and wound disruption were most common.

Abstract

Background: Ankle fracture surgeries are generally safe and effective procedures; however, as quality-based reimbursement
models are increasingly affected by postoperative readmission, we aimed to determine the causes and risk factors for
readmission following ankle fracture surgery.

Methods: Ankle fracture cases were identified from the prospectively collected American College of Surgeons National
Surgical Quality Improvement Program from 2013 to 2014. Demographics, comorbidities, and fracture characteristics
were collected. Rates of 30-day adverse events and readmissions were determined as well as the causes for readmission.
Multivariable logistic regression analyses were performed to identify risk factors associated with having any adverse events
and being readmitted within 30 days of surgery.

Results: There were 5056 patients included; 167 (3.3%) were open fractures. The rate of any postoperative adverse event
was 5.2%. There were | |6 unplanned readmissions, with a readmission rate of 2.3%. Of the |16 unplanned readmissions,
49 (42.2%) were for reasons related to the surgery or surgical site, with the most common causes being deep surgical
site/hardware infections (12.9%), superficial site infections (I1.2%), and wound disruption (6.9%). Most readmissions
were for reasons unrelated to the surgical site (51.7%), including cardiac disorders (8.6%), pulmonary disorders (7.8%),
and neurological/psychiatric disorders (6.9%). The cause of readmission was unknown for 6% of readmissions. With
multivariable logistic regression, the strongest risk factors for readmission were a history of pulmonary disease (odds ratio
[OR], 2.29), American Society of Anesthesiologists (ASA) class =3 (OR, 2.28), and open fractures (OR, 2.04) (all P < .05).
Conclusion: In this cohort of 5056 ankle fracture cases, 2.3% of patients were readmitted within 30 days, with at least
51.7% of all unplanned readmissions due to causes unrelated to the surgery or surgical site. Predictors of readmission
included a history of pulmonary disease, higher ASA class, and open fractures. Based on these findings, we advocate close
medical follow-up with nonorthopaedic providers after discharge for high-risk patients.

Level of Evidence: Level lll.
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Ankle fractures are common injuries, comprising approx-
imately 9% of all fractures, and are often indicated for
operative management.®!> Although ankle fracture sur- : ! ¢

. . . o Schairer WW, Demetracopoulos CA, Ellis S). Most readmissions
gery is largely effective and relatively safe, it is nonethe- ) o

- . . o following ankle fracture surgery are unrelated to surgical site

less associated with postoperative morbidity and issues: an analysis of 5056 cases. Foot Ankle Orthop. 2017 Apr
postdischarge readmissions.>!"13- 151718 However, the  7;2(2):2473011417695254. doi:10.1177/247301 1417695254,

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-
BY _NC NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction

and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access pages

(https://us.sagepub.com/en-us/nam/open-access-at-sage).

'Foot and Ankle Service, Hospital for Special Surgery, NY, USA
This article was originally published as: Fu MC, Young K, Cody E,



https://journals.sagepub.com/home/fao

Foot & Ankle Orthopaedics

causes for readmission following ankle fracture surgery
are poorly understood.

In an effort to improve quality and coordination of care,
the Centers for Medicare and Medicaid Services introduced
models involving bundled payments to align financial
incentives and performance among health care providers.
As of April 1, 2016, the Bundled Payments for Care
Improvement initiative has 1521 participants including hos-
pitals, physician group practices, and other facilities that
receive bundled reimbursements for 30-day postacute care
and readmissions.’ As these quality-based bundled payment
models become more common, identifying risk factors and
causes for readmission may help decrease its incidence.

Given the relatively low incidence of postoperative read-
missions and complications following ankle fracture sur-
gery, the use of a large multicenter database provides the
necessary statistical power to examine the preoperative
characteristics associated with these adverse events. One
such database, the American College of Surgeons National
Surgical Quality Improvement Program (NSQIP), began
collecting data regarding the causes for postoperative read-
mission within 30 days starting in 2013.! Using the NSQIP
from 2013 to 2014, the most recent year of data available at
the time of writing, the purpose of this study was to deter-
mine (1) the causes of readmission within 30 days, (2) the
risk factors associated with readmission, and (3) the risk
factors for any postoperative adverse event following ankle
fracture surgery.

Materials and Methods

The NSQIP from years 2013 and 2014 was used for this
retrospective cohort study. This database includes prospec-
tively collected clinical data from more than 400 participat-
ing medical centers throughout the United States.! Data
collection was performed at each site by clinical reviewers
through a prospective review of operative cases. With fre-
quent auditing to ensure data quality, the overall interrater
disagreement rate for the NSQIP has been reported to be
about 2%.! Irrespective of the discharge date, clinical infor-
mation is collected up to the 30th postoperative day. An
exemption was granted by our institutional review board for
this study.

NSQIP years 2013 and 2014 were used for this study due
to the availability of readmission data, as 2013 was the first
NSQIP dataset that included readmission diagnosis codes.
Cases with a principal diagnosis of an ankle fracture were
identified with the use of International Classification of
Diseases, Ninth Revision (ICD-9) codes 824 to 824.9.
These ICD-9 codes allowed for the differentiation between
fracture types, such as lateral malleolar, medial malleolar,
bimalleolar, and trimalleolar as well as the identification of
open fractures. Cases without essential preoperative data
such as age, sex, height, and weight were excluded from the

analysis. A total of 5056 ankle fracture cases were included
in the study.

The body mass index was determined for each patient
directly from the height and weight. Patients were catego-
rized based on the World Health Organization system for
obesity into nonobese (<30 kg/m?), obese I (30-34.9 kg/m?),
obese IT (35-39.9 kg/m?), or obese I1I (=40 kg/m?). The type
of anesthesia used and American Society of Anesthesiologists
(ASA) classes were collected as well as the preoperative
functional status in terms of independence with activities of
daily living. The modified Charlson comorbidity index (CCI)
based on information available in the NSQIP was determined
for each patient as a measure of overall medical comorbidity
burden. A similar methodology has been used in orthopaedic
clinical outcomes research using the NSQIP.>*#

Postoperative study outcomes included any adverse
events, major adverse events, minor adverse events, and
unplanned readmissions within 30 days, irrespective of the
day of discharge. Therefore, adverse events may have
occurred both before and after discharge and may not spe-
cifically correspond to reasons for later readmission. Major
adverse events included wound dehiscence, pneumonia,
unplanned reintubation, prolonged ventilator requirement,
acute renal insufficiency or failure, coma, cerebrovascular
accident, deep vein thrombosis, pulmonary embolism, car-
diac arrest, myocardial infarction, sepsis or septic shock, or
return to the operating room. Minor adverse events included
superficial surgical site infections, urinary tract infections,
and blood transfusions. These criteria for major and minor
postoperative adverse events have been previously estab-
lished in studies using the NSQIP.”1°

Patient cases that had unplanned readmission within 30
postoperative days were individually reviewed, with the
cause of readmission documented in the NSQIP through
ICD-9 codes. The time to readmission (in days) was deter-
mined for each case. Reasons for readmission were catego-
rized based on whether they were related to the ankle
surgical site. Among unplanned readmissions for reasons
unrelated to the surgical site, the reasons were classified by
organ system for ease of interpretation.

Multivariable logistic regression models were constructed
to determine the preoperative risk factors for unplanned read-
mission and any postoperative adverse events. Covariates
included in the models were age, sex, CCI =4, ASA class =3,
diabetes, hypertension, any pulmonary comorbidity, any car-
diac comorbidity, history of smoking, preoperative functional
status, open fracture, obesity class, and trimalleolar fracture
versus other fracture types. These clinical thresholds for the
CCI and ASA class have been established in previous studies
using the NSQIP for facilitating the use of the CCI and ASA
class as dichotomous risk predictors.®® Odds ratios with 95%
confidence intervals were reported. Statistical significance
was set at P < .05. Analysis was performed using SPSS 22
(IBM Corp, Armonk, NY, USA).
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Table |. Preoperative Patient Characteristics. Table 2. Postoperative Adverse Events.
n (%) Outcome n (%)
Overall 5056 (100.0) =1 adverse event(s) 262 (5.2)
Age,y Any major adverse event(s) 161 (3.2)
<50 2362 (46.7) Death 10 (0.2)
50-69 1962 (38.8) Wound dehiscence 14 (0.3)
=70 732 (14.5) Pneumonia 23 (0.5)
Sex Unplanned reintubation 14 (0.3)
Female 3071 (60.7) Ventilator >48 h 14 (0.3)
Male 1985 (39.3) Acute renal failure/insufficiency 4 (0.1)
Obesity class Coma >24 h 0 (0.0
Nonobese (<30 kg/m?) 2704 (53.5) Stroke/cerebrovascular accident 2 (0.0
Obese | (30-34.9 kg/m?) 1244 (24.6) Deep vein thrombosis 23 (0.5)
Obese Il (35-39.9 kg/m?) 663 (13.1) Pulmonary embolism 12 (0.2)
Obese Il (=40 kg/m?) 445 (8.8) Cardiac arrest 4 (0.1)
Modified Charlson comorbidity index Myocardial infarction 7 (0.1)
0-1 2400 (47.5) Sepsis/septic shock 14 (0.3)
2-3 1715 (33.9) Return to operating room 73 (1.4)
=4 941 (18.6) Any minor adverse event(s) 141 (2.8)
Anesthesia type Surgical site infection 63 (1.2)
General 4420 (87.4) Urinary tract infection 48 (0.9)
Regional/spinal/epidural 479 (9.5) Blood transfusion 37 (0.7)
Other 157 (3.1) Unplanned readmission 116 (2.3)
American Society of Anesthesiologists 1429 (28.3)
class =3
History of diabetes 595 (11.8) The 116 (2.3%) unplanned readmissions occurred at a
History of hypertension 1693 (33.5) mean of 15.8 days postoperatively (Table 3). Of these 116
History of pulmonary disease 265 (5.2) unplanned readmissions, 49 (42.2%) were for reasons
History of cardiac disease 15(0.3) related to the surgical site, most commonly deep space sur-
History of smoking 1360 (26.9) gical site or hardware infection (n = 15), superficial surgical
Chronic steroid use 84 (1.7) site infection (n = 13), and wound disruption or nonhealing
Nonindependent functional status 204 (4.0) (n = 8). Sixty (51.7%) readmissions were for reasons unre-
Open fracture 167 (3.3) lated to the surgical site. Among these, cardiac arrhythmia
Fracture type or other cardiac disorders (n = 10) were most commonly
Medial malleolar 248 (4.9) implicated, followed by pulmonary disorders or infections
L?teral malleolar 937(185) (n =9) and neurological or psychiatric disorders including
Bimalleolar 1732 (34.3) ive delirium (n = 8)
Trimalleolar 1379 (27.3) postoperatlve. . e . .
Unspecified 760 (15.0) W1.th multlvarlable l(')gIStIC regression 'anglyses, risk fgc—
tors significantly associated with readmission were a his-
tory of pulmonary disease, ASA class =3, open fractures,
and modified CCI =4 (Table 4). Risk factors that were sig-
Results

In our cohort of 5056 patients, a history of diabetes was
present in 11.8% of patients, and 26.9% had a history of
smoking within the past year. In terms of the fracture type,
3.3% were open fractures, and 27.3% were trimalleolar
fractures (Table 1).

The overall postoperative adverse event rate was 5.2%.
Complications classified as major adverse events occurred
at a rate of 3.2%, and 2.8% of patients had minor adverse
events (Table 2). Among major adverse events, the most
common were return to the operating room (1.4%), pneu-
monia (0.5%), and deep vein thrombosis (0.5%). There
were 116 (2.3%) unplanned readmissions within 30 days.

nificant predictors of postoperative adverse events included
open fractures, a history of pulmonary disease, ASA class
=3, preoperative nonindependent functional status, modi-
fied CCI =4, and hypertension (Figure 1).

Discussion

In this study of 5056 ankle fracture cases taken from a large
prospectively collected multicenter database, we found that
a majority of 30-day postoperative readmissions were for
reasons unrelated to the surgical site. Risk factors associ-
ated with unplanned readmission included pulmonary dis-
ease, ASA class =3, and open fractures.
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Table 3. Reasons for and Timing of Unplanned Readmissions.

Mean Time to

n (%) Readmission, d
Total unplanned readmissions 116 (100.0) 15.8
Unplanned readmission related 49 (42.2) 18.1
to surgical site
Deep space surgical site/ 15 (12.9) 18.3
hardware infection
Superficial surgical site 13 (11.2) 18.5
infection
Wound disruption/ 8 (6.9) 23.1
nonhealing
Acute postoperative pain 6 (5.2) 2.5
Fracture nonunion/ 3 (2.6) 20.7
malunion
Other hardware 3 (2.6) 27.0
complication
Heel pressure ulcer 1 (0.9) 27.0
Unplanned readmission 60 (51.7) 14.4
unrelated to surgery
Cardiac arrhythmia/ 10 (8.6) 13.0
disorder
Pulmonary disorder/ 9 (7.8) 17.7
infection
Neurological/psychiatric 8 (6.9) 13.4
disorder
Gastrointestinal disorder/ 7 (6.0) 14.9
infection
Urinary tract infection 7 (6.0) 17.7
Deep vein thrombosis 6(5.2) 14.7
requiring therapy
Pulmonary embolism 6(5.2) 10.8
Other unrelated trauma 3 (2.6) 16.0
Sepsis/septic shock/other 2 (1.7) 8.0
infectious disorder
Metabolic derangement 2(1.7) 12.0
Unknown 7 (6.0) —

This study has several limitations. First, the NSQIP only
provides postoperative data on readmissions and adverse
events up to the 30th postoperative day. While this is aligned
with most bundled payment models that include reimburse-
ments for care for 30 postoperative days, it does not consider
clinically important outcomes beyond this time window. In
addition, the NSQIP does not include orthopaedic- and foot
and ankle—specific outcomes, such as functional outcomes,
range of motion, and pain scores. Furthermore, specific post-
operative rehabilitation protocols and deep vein thrombosis
prophylaxis regimens were also unavailable in the NSQIP.

In this study cohort, 53.3% of patients were =50 years of
age, 11.8% of patients had a history of diabetes, and 28.3%
of patients were ASA class =3. This is in line with cohorts
in other ankle fracture studies. SooHoo et al'® studied 57 183
patients with ankle fractures in the California state dis-
charge database, and 50% of that cohort were older than 50

Table 4. Results of Multivariable Analyses for Risk Factors
Associated With Any Adverse Event and Readmission.

Odds Ratio
(95% Confidence

Outcome/Risk Factor Interval) P Value
Readmission

History of pulmonary disease 2.29 (1.37-3.83) .002

ASA class =3 2.28 (1.51-3.46) <.001

Open fracture 2.04 (1.03-4.02) .040

Modified CCl =4 1.80 (1.18-2.74) .007
Any adverse event

Open fracture 3.01 (1.90-4.75) <.001

History of pulmonary disease 2.16 (1.48-3.16) <.001

ASA class =3 1.81 (1.32-2.49) <.001

Nonindependent functional 1.73 (1.11-2.71) 016

status

Modified CCl =4 1.72 (1.25-2.37) .001

Hypertension 1.42 (1.04-1.93) .027

ASA, American Society of Anesthesiologists; CCl, Charlson comorbidity
index.

years of age, with a 10.4% prevalence of diabetes. Similarly,
Basques et al’> examined a cohort of 4412 patients with
ankle fractures from the NSQIP from 2005 to 2012, and
37% of those patients were aged 40 to 59 years, 34% were
aged =60 years, and 28% were ASA class =3. Lastly,
McDonald et al'® retrospectively reviewed 622 patients
with ankle fractures from a single institution. In their cohort,
more than 40% were aged =50 years, and 38% of patients
were ASA class 3 or 4. Overall, data on our current cohort
are reasonably consistent with those of previous ankle frac-
ture studies in the literature.

The 30-day readmission rate reported in this study, 2.3%,
is largely consistent with previously reported readmission
rates.>!? Only 42.2% of these readmissions were for reasons
related to the surgical site, such as surgical site infections
and wound disruption. Miller et al'* previously reported on
the risk factors associated with wound-related complica-
tions following ankle fracture surgery and identified periph-
eral vascular disease as the strongest predictor. It was not
noted if these wound complications led to readmissions. Of
note, the majority (51.7%) of readmissions in this cohort
were for reasons unrelated to the surgical site, including
cardiac disorders (8.6%), pulmonary disorders (7.8%), and
neurological or psychiatric disorders (6.9%). To our knowl-
edge, this is the first large-scale examination of the causes
for readmission following ankle fracture surgery.

We found that the strongest risk factors associated with
readmission were a history of pulmonary disease, ASA
class =3, and open fractures. Our results are consistent with
those of previous studies that have identified ASA classes to
be significantly associated with higher readmission rates for
ankle fractures’ as well as other orthopaedic traumatic
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Figure |. Forest plot of adjusted odds ratios (ORs) for significant predictors of readmission and any adverse event after ankle
fracture surgery. Error bars indicate 95% confidence intervals (Cls). A 95% Cl that does not include an OR of 1.0 indicates P < .05

and statistical significance.

injuries.'® Additionally, open ankle fractures have also been
shown to be associated with increased postoperative mor-
bidity relative to closed fractures.!® To a lesser but still sig-
nificant extent, we found that a modified CCI =4 was also
associated with an increased readmission risk. Voskuijl
et al'” examined the association of the CCI with readmis-
sion following orthopaedic trauma injuries overall and
found the CCI to account for 10% of the variation in read-
missions, with each point increase in the CCI correlated to
a 0.63% increase in postoperative readmissions.

We also found that 161 patients (3.2%) suffered a major
adverse event, which was consistent with a previous analy-
sis of the NSQIP.2 Minor adverse events occurred in 141
(2.8%) patients, most commonly consisting of surgical site
infections. The factors most significantly associated with
any adverse event also included open fractures, higher ASA
class, and a history of pulmonary disease. In addition, other
risk factors with a significant association to adverse events
included nonindependent functional status, modified CCI
=4, and hypertension, suggesting that these factors should
also be included as part of the preoperative risk assessment.
At our tertiary academic level I trauma center, it is standard
protocol to conduct a preoperative medical evaluation and
risk stratification in elderly patients or those with medical
comorbidities, whenever feasible. However, patients with

ankle fractures identified to be at a higher risk for postop-
erative adverse events and readmission may benefit from
close postdischarge medical follow-up and optimization.

In summary, these findings demonstrate that most readmis-
sions following ankle fracture surgery are not directly related
to the surgical site. Perioperative medical optimization and
postdischarge medical follow-up may lead to decreased read-
missions following the inpatient treatment of ankle fractures;
however, future studies in this area are warranted.
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