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Article

Introduction

End-stage ankle arthritis affects 1% of the population.27 
Total ankle arthroplasty (TAA) was first introduced in the 
1970s, offering an alternative to ankle arthrodesis. With 
more recent biomechanical innovations in implant designs, 
and advances in surgical techniques, TAA has become a 
mainstay treatment modality for ankle arthritis, with clini-
cal outcomes similar to ankle arthrodesis.28

TAA is being performed in increasing numbers. A 670% 
increase in the utilization of TAA for management of 
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Abstract
Background: The safety of outpatient total ankle arthroplasty (TAA), and factors predictive of early complications 
are poorly understood. The objective of this study was to determine the frequency of early complications in patients 
undergoing outpatient TAA compared to a matched inpatient TAA cohort. Factors predictive of early complications 
following TAA are elucidated.
Methods: A retrospective review of prospectively collected data from the 2011-2018 American College of Surgeons–
National Surgical Quality Improvement Program (ACS-NSQIP) database was performed. An unadjusted analysis comparing 
complication rates in outpatient, and inpatient TAA was performed followed by a propensity score–matched cohort analysis. 
A multivariate logistic regression model was then used to identify significant independent predictors for complications, 
reoperation, and readmission following TAA.
Results: A total of 1487 patients (198 outpatient, 1289 inpatient) undergoing TAA were included in the study. Inpatient 
TAA was associated with increased 30-day readmission compared with outpatient TAA (3.54% vs 0.51%, P = .032) in a 
matched cohort analysis. Thirty-eight (2.6%) patients had a minor complication, with 16 (1.1%) patients having a major 
complication after TAR. Nineteen (1.3%) patients underwent reoperation, and 42 (2.8%) patients were readmitted within 
30 days of the index TAR. Multivariate analysis identified factors predictive of early complications to include length of stay 
(LOS) >2 days, smoking, hypertension, bleeding disorders, and diabetes mellitus.
Conclusion: From this relatively limited data set, outpatient TAA appears to be safe for management of end-stage ankle 
arthritis in select patients. Inpatient status was associated with an increased rate of 30-day readmission following TAA. 
Postoperative length of stay >2 days, smoking, hypertension, bleeding disorders, and diabetes mellitus were identified to 
be associated with early postoperative complications following TAA in this cohort.
Level of Evidence: Level III, retrospective cohort study.
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end-stage ankle arthritis from 1993 to 2007 has been 
reported.24 This increase was noted via evaluation of TAA 
being performed on an inpatient basis. Previous investiga-
tions using databases have been performed to analyze survi-
vorship, and risk factors for failure of TAA also relied on 
identification of cases from inpatient discharges.16 Little is 
known regarding the volume of TAA performed on an out-
patient basis. Even less is understood regarding the safety 
of outpatient TAA. With a current health care climate that 
places pressures on surgeons and their associated institu-
tions to reduce costs per episode of care, there is a trend 
toward the performance of total joint arthroplasty on an out-
patient basis. There have been a number of studies evaluat-
ing the safety, efficacy, and financial feasibility of outpatient 
total hip and knee arthroplasty.9,11 There is a paucity of 
research regarding the safety of outpatient TAA. The objec-
tive of this study was to use a national validated surgical 
database to determine the frequency of complications, reop-
eration, and readmission in patients undergoing outpatient 
TAA vs those whose procedure was performed on an inpa-
tient basis. Secondarily, this study sought to elucidate the 
predictors of complications, reoperation, and readmission 
following TAA.

Methods

Prospectively collected data from the 2011-2018 American 
College of Surgeons–National Surgical Quality Improvement 
Program (ACS-NSQIP) database was used in this retrospec-
tive review. The manner in which data collection is under-
taken for inclusion in the database can be found on the 
ACS-NSQIP website.3 Patients undergoing a primary or 
revision TAA were identified using Current Procedural 
Terminology codes 27702 and 27703. There was no differ-
ence with respect to the timing of surgery (2011-2018) 
between the inpatient and outpatient cohorts. Patients with 
missing data were removed from the study. This study was 
exempt from review by our institutional review board.

Similar to previous ACS-NSQIP investigation involving 
TAA,18 patient demographic variables included as part of 
the study were age (dichotomized into <65 and ≥65 years), 
sex, body mass index (<25.0, 25.0-29.9, 30.0-34.9, and 
≥35.0), and comorbidities (diabetes mellitus, history of 
smoking, presence of chronic obstructive pulmonary dis-
ease, congestive heart failure, hypertension, dialysis-depen-
dent, disseminated cancer, chronic steroid use, bleeding 
disorder, dyspnea, and functional health status). Operative 
and postoperative data included primary vs revision TAA, 
American Society of Anesthesiologists (ASA) grade (I-II 
and >II), admission status (inpatient vs outpatient surgery), 
total operative time (0-150 and >150 minutes), and length 
of stay (LOS; dichotomized into 0-2 and >2 days).

Complications were classified as minor (eg, urinary tract 
infection, surgical site infection, wound dehiscence, deep 

vein thrombosis, and transfusion) or major (eg, death, pul-
monary embolus, myocardial infarction, pneumonia, reintu-
bation, sepsis, cerebrovascular accident, and acute renal 
failure). Reoperation and readmission within 30 days of the 
index procedure was recorded. Following an initial analysis 
of the entire study cohort, a secondary analysis of complica-
tions, reoperation, and readmission was performed in a 
matched outpatient-inpatient TAA cohort. Groups were 
hard-matched on the basis of sex, ASA grade, and primary 
vs revision TAA. Nearest-neighbor propensity score match-
ing was then performed using age, body mass index, and 
comorbidities as variables.

Statistical Analysis

Bivariate analysis using Pearson χ2 tests were used to 
assess for significant associations for minor complica-
tions, major complications, reoperation, and readmission 
in all patients undergoing TAA. All variables with a P 
value <.1 from unadjusted analysis were then entered 
into multivariate logistic regression models, adjusted for 
each to other, to identify significant independent predic-
tors for complications, reoperation, and readmission. 
Results from multivariate regression models have been 
reported as adjusted odds ratios (ORs) with 95% CIs. 
During matching, a caliper length of 0.2 SDs of the logit 
of the propensity score was used. For all statistical pur-
poses, a P value <.05 was considered significant. 
Statistical analysis was performed using SPSS, version 
26 (IBM, Armonk, NY).

Results

A total of 1487 patients undergoing primary or revision 
TAA were included in the study cohort. Outpatient TAA 
was performed in 198 cases, with 1289 patients having 
undergone TAA as an inpatient. Differences in baseline 
characteristics between patients undergoing outpatient TAA 
vs those undergoing inpatient TAA are shown in Table 1. 
Minor complications, major complications, reoperation, 
and 30-day readmission data are compiled in Table 2. 
Patients undergoing inpatient TAA had an increased rate of 
readmission compared to those undergoing TAA as an out-
patient (3.18% vs 0.51%, P = .038).

Given the differences between the outpatient TAA and 
inpatient TAA cohorts observed in Table 1, matching was 
performed such that no significant differences remained 
between groups with the exception of LOS (Table 3). There 
were no differences between groups with respect to minor 
complications, major complications, or reoperation. 
Readmission (within the 30 days of the index procedure) 
remained significantly increased in the inpatient TAA 
cohort relative the outpatient TAA group (3.54% vs 0.51%, 
P = .032) (Table 4).
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Predictors of Minor and Major Complications

Thirty-eight patients (2.6%) had a minor complication fol-
lowing TAR. Adjusted analysis in a multivariate regression 

model revealed LOS >2 days (OR 2.64, 95% CI 1.36, 5.09; 
P < .001) as the only significant independent predictor for 
a minor complication (Table 5).

Sixteen (1.1%) patients had a major complication after 
TAR. Following adjusted analysis in a multivariate regres-
sion model, the following factors were significant indepen-
dent predictors of a major complication: LOS >2 days (OR 
4.19, 95% CI 1.53, 11.49; P = .048), smoking (OR 3.89, 
95% CI 1.18, 12.86; P = .026), and diabetes mellitus (OR 
3.02, 95% CI 0.93, 9.08; P = .046) (Table 5).

Predictors of Reoperation and Readmission

Nineteen (1.3%) patients underwent reoperation within 30 
days of the index TAR. Multivariate analysis identified LOS 
>2 days (OR 4.08, 95% CI 1.60, 10.37; P = .003), bleeding 
disorder (OR 4.07, 95% CI 1.07, 15.58; P = .04), hyperten-
sion (OR 3.85, 95% CI 1.06, 13.94; P = .021), and diabetes 
mellitus (OR 2.90, 95% CI 1.05, 8.02; P = .041) to be sig-
nificant independent predictors of reoperation (Table 5).

Forty-two (2.8%) patients were readmitted to hospital 
within 30 days of the index TAR. Multivariate analysis 
identified diabetes mellitus (OR 3.54, 95% CI 1.83, 6.85; 
P < .001), bleeding disorder (OR 3.35, 95% CI 1.16, 

Table 1. Clinical Characteristics of Inpatient and Outpatient 
Study Populations (N = 1487).a

Inpatient,
n (%)

Outpatient,
n (%) P Value

Sample size 1289 (86.7) 198 (13.3) –
Demographics  
 Age, y <.001
  <65 591 (45.8) 134 (67.7)  
  ≥65 698 (54.2) 64 (32.3)  
 Sex .547
  Male 675 (52.4) 98 (49.5)  
  Female 614 (47.6) 100 (50.5)  
 BMI .121
  <25.0 171 (13.3) 28 (14.1)  
  25.0-29.9 456 (35.4) 66 (33. 3)  
  30.0-34.9 367 (28.5) 55 (27.8)  
  ≥35.0 294 (22.8) 49 (24.7)  
Comorbidities  
 Diabetes mellitus 166 (12.9) 16 (8.1) .055
 Smokers 99 (7.7) 22 (11.1) .100
 COPD 30 (2.3) 4 (2.0) .788
 CHF 5 (0.4) 1 (0.5) .809
 Hypertension 741 (57.5) 90 (45.5) .002
 Dialysis-dependent 4 (0.3) 0 (0.0) .433
 Disseminated cancer 2 (0.2) 0 (0.0) .695
 Chronic steroid use 65 (5.0) 7 (3.5) .358
 Bleeding disorder 41 (3.2) 2 (1.0) .090
 Dyspnea 47 (3.6) 4 (2.0) .242
 Functional health 

status
.063

  Independent 1256 (97.4) 198 (100.0)  
  Partially dependent 22 (1.7) 0 (0.0)  
  Unknown 11 (0.9) 0 (0.0)  
Operative and 

postoperative data
 

 Operative status .901
  Primary 1173 (91.0) 169 (85.4)  
  Revision 125 (9.7) 29 (14.6)  
 ASA grade .012
  I-II 765 (59.4) 136 (68.7)  
  >II 524 (40.7) 62 (31.3)  
 Operative time, min .054
  <150 667 (51.7) 117 (59.1)  
  ≥150 622 (48.3) 81 (40.9)  
 Length of stay, d <.001
  0-2 547 (42.4) 198 (100.0)  
  >2 742 (57.6) 0 (0.0)  

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body 
mass index; CHF, congestive heart failure; COPD, chronic obstructive 
pulmonary disease.
aAn unadjusted analysis was performed using Pearson χ2 tests.

Table 2. Minor Complications, Major Complications, 
Reoperation, and Readmission in Inpatient and Outpatient TAA 
(N=1487).a

Complications

Inpatient,
n (%)

(n = 1289; 
86.7%)

Outpatient,
n (%)

(n = 198; 
13.3)

P 
Value

–

Minor .608
 Urinary tract infection 8 (0.62) 1 (0.51)  
 Surgical site infection 13 (1.01) 2 (1.01)  
 Wound dehiscence 4 (0.31) 1 (0.51)  
 Deep vein thrombosis 3 (0.23) 0 (0.0)  
 Transfusion 6 (0.47) 0 (0.0)  
Major
 Death 2 (0.16) 1 (0.51) .403
 Pulmonary Embolus 2 (0.16) 0 (0.0)  
 Myocardial infarction 2 (0.16) 0 (0.0)  
 Pneumonia 4 (0.31) 0 (0.0)  
 Reintubation 1 (0.08) 0 (0.0)  
 Sepsis 2 (0.23) 0 (0.0)  
 Cerebrovascular accident 1 (0.08) 0 (0.0)  
 Acute renal failure 1 (0.08) 0 (0.0)  
 Reoperation 18 (1.40) 1 (0.51) .298
 Readmission 41 (3.18) 1 (0.51) .038

Abbreviation: TAA, total ankle arthroplasty.
aAn unadjusted analysis was performed using Pearson χ2 tests. A 
significantly increased rate of readmission (within 30 days of the 
index procedure) was observed in the inpatient TAA group  
(P = .038).
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9.68; P = .026), and LOS >2 days (OR 2.77, 95% CI 
1.92, 4.41; P = .02) to be significant independent predic-
tors of readmission (Table 5).

Table 3. Clinical Characteristics of Inpatients and Outpatients 
Matched on the Basis of Age, Sex, BMI, ASA Grade, and 
Operative Status (Primary vs Revision) (n = 396).a

Inpatient,
n (%)

(n = 198)

Outpatient,
n (%)

(n = 198)
P 

Value

Demographics  
 Age, y >.999
  <65 134 (67.7) 134 (67.7)  
  ≥65 64 (32.3) 64 (32.3)  
 Sex >.999
  Male 98 (49.5) 98 (49.5)  
  Female 100 (50.5) 100 (50.5)  
 BMI .532
  <25.0 31 (15.7) 28 (14.1)  
  25.0-29.9 56 (28.3) 66 (33. 3)  
  30.0-34.9 64 (32.3) 55 (27.8)  
  ≥35.0 47 (23.7) 49 (24.7)  
Comorbidities  
 Diabetes mellitus 19 (9.6) 16 (8.1) .760
 Smokers 24 (12.1) 22 (11.1) .754
 COPD 6 (3.0) 4 (2.0) .703
 CHF 0 (0.0) 1 (0.5) .317
 Hypertension 96 (48.5) 90 (45.5) .108
 Dialysis-dependent 1 (0.5) 0 (0.0) .317
 Disseminated cancer 0 (0.0) 0 (0.0)  
 Chronic steroid use 7 (3.5) 7 (3.5) >.999
 Bleeding disorder 4 (2.0) 2 (1.0) .143
 Dyspnea 6 (3.0) 4 (2.0) .552
 Functional health status .154
  Independent 196 (99.0) 198 (100.0)  
  Partially dependent 2 (1.0) 0 (0.0)  
Operative and 

postoperative data
 

 Operative status >.999
  Primary 169 (85.4) 169 (85.4)  
  Revision 29 (14.6) 29 (14.6)  
 ASA grade >.999
  I-II 136 (68.7) 136 (68.7)  
  >II 62 (31.3) 62 (31.3)  
 Operative time, min .086
  <150 100 (50.5) 117 (59.1)  
  ≥150 98 (49.5) 81 (40.9)  
 Length of stay, d <.001
  0-2 154 (42.4) 198 (100.0)  
  >2 44 (57.6) 0 (0.0)  

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body 
mass index; CHF, congestive heart failure; COPD, chronic obstructive 
pulmonary disease.
aAn unadjusted analysis was performed utilizing Pearson χ2 tests. No 
differences between groups were noted with the exception of length of 
stay (P < .001).

Table 4. Minor Complications, Major Complications, 
Reoperation, and Readmission in Matched (Age, Sex, BMI, ASA 
Grade, and Primary vs Revision) Outpatient and Inpatient TAAs 
(n = 396).

Complications

Outpatient,
n (%)

(n = 198)

Inpatient,
n (%)

(n = 198) P Value

Minor 4 (2.02) 5 (2.53) .736
Major 1 (0.51) 2 (1.01) .315
Reoperation 1 (0.51) 4 (2.02) .177
Readmission 1 (0.51) 7 (3.54) .032

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body 
mass index; TAA, total ankle arthroplasty.
aAn unadjusted analysis was performed utilizing Pearson χ2 tests. A 
significantly increased rate of readmission (within 30 days of the index 
procedure) remains observed in the inpatient TAA group (P = .032).

Discussion

TAA is being performed with increasing frequency for man-
agement of end-stage ankle arthritis. With pressure on 
health care providers to lower costs per episode of care, 
TAA is increasingly being performed on an outpatient basis. 
Despite this, the safety, and efficacy of outpatient TAA is 
poorly understood. This study, through use of a validated 
surgical database, revealed that outpatient TAA is safe with 
no increased risk of complications, reoperation, or readmis-
sion when compared to a matched inpatient cohort. Further, 
this study revealed an increased 30-day readmission rate in 
patients who underwent TAA as an inpatient. Most impor-
tantly, factors predictive of early complication, reoperation, 
and readmission in TAA were elucidated.

There is a paucity of research evaluating the safety of 
TAA performed on an outpatient basis. Total hip and knee 
arthroplasty are procedures that are more commonly per-
formed than TAA. As such, a number of studies have been 
performed to evaluate complications rates, rates of reopera-
tion, rates of readmission, patient satisfaction, and health 
system costs in outpatient vs inpatient total hip arthroplasty, 
and total knee arthroplasty. A retrospective analysis utiliz-
ing the NSQIP database found that bleeding requiring trans-
fusion was the most common complication in both 
outpatient and inpatient total joint arthroplasty, with a lower 
rate in the outpatient group (6% vs 12%, P < .001).11 The 
study additionally found no difference in rate of wound 
complications, infection, venous thromboembolic events, 
myocardial infarction, or reintubation between outpatient 
and inpatient groups. Complication rates have been found 
to be similar or improved in outpatient total joint arthro-
plasty populations. Sher et al23 found the rate of serious 
adverse events was 1.3% in the outpatient total joint arthro-
plasty group, compared to 1.9% for the inpatient group. In 
the present investigation, there were no differences in the 
minor complication rate between the outpatient TAA and 
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inpatient TAA group (2.02% vs 2.53%, P = .783). The 
major complication rate was similar between outpatient and 
inpatient TAA groups as well (0.51% vs 1.01%, P = .315). 
In an analysis of the Medicare population undergoing total 
hip arthroplasty, the outpatient group had a lower 30-day 
complication rate (3% vs 12%, P < .001) and readmission 
rate (3% vs 4%, P < .001) when compared to the inpatient 
group.13 Although the reoperation rate was not significantly 
different between groups in the present investigation (0.51% 
vs 2.02%, P = .177), the 30-day readmission rate was 

significantly higher in the inpatient TAA group (0.51% vs 
3.18%, P = .038). The increased 30-day readmission rate in 
the entire inpatient TAA cohort may be explained by differ-
ences shown in Table 1, with younger (age <65 years) and 
healthier (ASA grade = I or II) patients undergoing outpa-
tient TAA. However, the rate of 30-day readmission in the 
inpatient TAA group remained significantly elevated fol-
lowing matching of inpatient and outpatient TAA cohorts 
(0.51% vs 3.54%, P = .032). Contrary to that observed 
here, a single-center retrospective review found an increas-
ingly comorbid inpatient TAA cohort to have comparable 
complication rates to their short-stay TAA counterparts.1 
Perhaps the most notable finding of this study was the 
15.5% reduction in perioperative costs associated with 
short-stay TAA.

Previous studies evaluating the safety of TAA performed 
on an outpatient basis have been plagued with limitations 
secondary to small sample size.7,19 Studies evaluating TAA 
performed on an outpatient basis utilizing the NSQIP data-
base have revealed promising results with respect to its 
safety. A previous study using the ACS-NSQIP database 
(2006-2015) demonstrated that outpatient TAA was not 
associated with a higher incidence of short-term complica-
tions relative to inpatient TAA, although this study did not 
utilize matching to account for differences in patient-spe-
cific risk factors.26 Another investigation indicated that out-
patient and short-stay discharge do not inherently increase 
the incidence of short-term complications and poor out-
comes relative to standard inpatient hospitalization after 
TAA.20 Neither of these studies evaluated the factors pre-
dictive of early complications. The present study indicates 
outpatient TAA is not associated with increased risk of 
complications, reoperation, or readmission, which rein-
forces previous findings.20,26 The finding of increased 
30-day readmission in patients undergoing TAA as an inpa-
tient prompted evaluation of factors predictive of complica-
tions, reoperation, and readmission. These results will serve 
to guide patient selection for TAA and performance of this 
procedure on an outpatient basis. In a single institution 
investigation of patients undergoing TAA, patient comor-
bidities were not associated with 90-day hospital readmis-
sion or emergency department visitation.12 In the present 
study, LOS >2 days, smoking, and diabetes mellitus were 
identified as predictors of postoperative complications, 
whereas predictors of reoperation and readmission included 
LOS >2 days, presence of a bleeding disorder, hyperten-
sion, and diabetes mellitus.

This study found hospital LOS >2 days to be predictive 
of complications, reoperation, and readmission following 
TAA. Given that in this study only patients undergoing TAA 
as an inpatient had an LOS >2 days, inpatient status alone 
can be implicated as a risk for complication, reoperation, 
and readmission following TAA. Previous study has shown 
LOS >2 days following TAA to be predictive of a nonhome 

Table 5. Multivariate Analysis for Significant Independent 
Predictors of Minor Complications, Major Complications, 
Reoperation, and Readmission in TAA.

Predictor Adjusted OR (95% CI) P Value

Minor  
 LOS, d
  0-2 Ref.  
  >2 2.64 (1.36, 5.09) <.001
Major  
 LOS, d
  0-2 Ref.  
  >2 4.19 (1.53, 11.49) .048
 Smoking
  No Ref.  
  Yes 3.89 (1.18, 12.86) .026
 Diabetes mellitus
  No Ref.  
  Yes 3.02 (0.93, 9.08) .046
Reoperation  
 LOS, d
  0-2 Ref.  
  >2 4.08 (1.60, 10.37) .003
 Bleeding disorder
  No Ref.  
  Yes 4.07 (1.07, 15.58) .04
 Hypertension
  No Ref.  
  Yes 3.85 (1.06, 13.94) .021
 Diabetes mellitus
  No Ref.  
  Yes 2.90 (1.05, 8.02) .041
Readmission  
 Diabetes mellitus
  No Ref.  
  Yes 3.54 (1.83, 6.85) <.001
 Bleeding disorder
  No Ref.  
  Yes 3.35 (1.16, 9.68) .026
 LOS, d
  0-2 Ref.  
  >2 2.77 (1.92, 4.41) .02

Abbreviations: LOS, length of stay; Ref., referent; TAA, total ankle 
arthroplasty.
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discharge.18 Factors affecting LOS >2 days included age 
≥65 years, female sex, operative time >150 minutes, and 
inpatient surgery.

Smoking is known to affect outcomes in foot and ankle 
surgery and was shown to be predictive of a major compli-
cation in this study. Smoking has an effect on overall bone 
health, with a systematic review of 132 studies finding 
substantial evidence to support an association of smoking 
with low bone mineral density, the incidence of fracture 
and delayed fracture union, peri-implant bone loss, and 
implant failure.2 Complication rates have been reported to 
be increased in patients who smoke undergoing forefoot 
surgery.6 Active smokers had a complication rate of 36.4%, 
compared to 16.5% in patients with a previous smoking 
history, and 8.5% in those who never smoked. Furthermore, 
patients who smoked at the time of surgery had signifi-
cantly higher rates of delayed union (3%), infection 
(9.1%), delayed wound healing (10.6%), and persistent 
pain (15.2%) compared with nonsmokers. In smokers 
undergoing TAA, significantly increased rates of wound 
healing complications (hazard ratio, 3.08) requiring addi-
tional procedures were noted.

Diabetes mellitus is considered a relative contraindica-
tion to TAA. In this study, it was predictive of major com-
plication and reoperation. This is in keeping with a previous 
national (US) database study, which demonstrated that after 
both ankle arthrodesis and TAA, diabetes mellitus was inde-
pendently associated with a significantly increased risk of 
perioperative complications, nonhome discharge, and 
length of hospital stay during the index hospitalization.22 A 
more recent national (Republic of Korea) database review 
of 2157 primary TAA also revealed diabetes mellitus, along 
with chronic pulmonary disease, to be associated with early 
failure in TAA.17 In contrast, patients with diabetes and 
ankle arthritis who underwent TAA at a single institution 
had similar clinical outcomes compared with their nondia-
betic counterparts.14 Although patients with diabetes had 
increased body mass index, and worse ASA preoperative 
grades, they did not have a significantly different complica-
tion or infection rate. The contradictory findings in the latter 
study may be a testament to a rigorous perioperative man-
agement of patients with diabetes mellitus undergoing TAA 
at that institution.

The presence of a bleeding disorder was predictive of 
both reoperation and readmission within 30 days of the 
index TAA procedure in this study. Although the NSQIP 
database indicates the presence of a bleeding disorder, it 
does not allow for delineation of specific bleeding disor-
ders. A previous ACS-NSQIP study (2011-2018) found 
increasing severity of anemia to be associated with extended 
hospital LOS and increased reoperation rates in patient 
undergoing TAA.21 Presence of a bleeding disorder (relative 
risk = 4.5) was noted to be a risk factor for 30-day readmis-
sion in patients undergoing total hip arthroplasty as an 

outpatient.8 Case series on patients with inherited bleeding 
disorders undergoing TAA indicate favorable clinical 
results.4,15 In a series of patients undergoing TAA with von 
Willebrand disease, a 33.3% rate of intraoperative and post-
operative complications was observed at midterm follow-
up.5 The major concerns regarding arthroplasty in patients 
with bleeding disorders include an increased rate of deep 
infection, aseptic loosening, and heterotrophic bone forma-
tion.4 Hematoma, hemarthrosis, wound complications, and 
infections are most likely responsible for reoperation and 
readmission within 30 days of TAA. Unfortunately, 
tranexamic acid, which has been shown to be effective in 
total knee and total hip arthroplasty in decreasing blood loss 
and transfusion risk, has not been found to be effective in 
reducing intraoperative blood loss, perioperative blood loss, 
or wound complications in TAA.25 This stresses the impor-
tance of a multidisciplinary approach to perioperative man-
agement in these patients, specifically as it pertains to 
pharmacologic management of their bleeding disorder.

Hypertension was predictive of reoperation within 30 
days of index TAA. In patients undergoing outpatient total 
knee arthroplasty, hypertension was shown to be a risk factor 
for 30-day readmission (relative risk = 2.5).10 Similarly, 
hypertension as a comorbid condition (OR = 2.77) was 
found to increase risk of 90-day emergency department visits 
after primary total knee arthroplasty. With respect to TAA, no 
previous investigation has indicated hypertension to be pre-
dictive of reoperation, or any other early complication.

Limitations to this study include those that are inherent 
to the retrospective design. Only 13% of surgeries in this 
study were performed on an outpatient basis, limiting both 
the value of the comparison and the generalizability of our 
findings as the potential for selection bias is high. 
Additionally, there are several patient-specific variables 
that are not captured within the ACS-NSQIP database but 
would likely influence the decisions regarding performance 
of TAA on an outpatient basis. For example, patient comfort 
level and attitude toward outpatient surgery, their ability to 
successfully participate in the rehabilitation process, and 
the availability of home support may all play a role in the 
decision-making process. The study was underpowered for 
most of the outcomes we sought to study. To achieve 80% 
power, with the enrollment ratio of this study (outpatient vs 
inpatient), a sample of 41 823 patients would have been 
required to observe a difference between groups in minor 
complications, 13 330 patients for major complications, 
9030 patients for reoperation, and 1973 patients for read-
mission. Post hoc analysis revealed a power of just 5.7% for 
predicting differences in the rate of minor complications, 
6.9% for major complications, 9.4% for reoperation, and 
60.7% for readmission between the groups. Therefore, fur-
ther differences between the inpatient and outpatient TAA 
cohorts may exist that the current investigation is under-
powered to reveal.
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In conclusion, this database study suggests that inpatient 
TAA may be associated with an increased rate of 30-day 
readmission, but the cohort sizes were widely different, lim-
iting the power and generalizability of this finding. Hospital 
LOS >2 days, smoking, and diabetes mellitus were identi-
fied to be associated with postoperative complications, 
whereas factors associated with reoperation and readmis-
sion included LOS >2 days, presence of a bleeding disor-
der, hypertension, and diabetes mellitus. This study 
indicates that outpatient TAA may be safe for the manage-
ment of end-stage ankle arthritis in select patients. The cri-
teria for determination of patient suitability for outpatient 
TAA is beyond the scope of this investigation and should be 
the focus of future study.

Ethical Approval

Ethical approval for this study was waived by the Western 
University Research Ethics Board as the institutional hospitals are 
contributing sites to the ACS-NSQIP database.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this arti-
cle. ICMJE forms for all authors are available online.

Funding

The author(s) received no financial support for the research, 
authorship, and/or publication of this article.

ORCID iDs

Christopher Del Balso, MBBS, MSc,  https://orcid.org/0000- 
0003-4074-6424
Mansur M. Halai, BSc (Hons), MBChB,  https://orcid.org/0000- 
0001-5679-2076

References

 1. Akoh CC, Fletcher AN, Chen J, et al. Economic analysis and 
clinical outcomes of short-stay versus inpatient total ankle 
replacement surgery. Foot Ankle Int. 2021;42(1):96-106. 
doi:10.1177/1071100720949200

 2. Al-Bashaireh AM, Haddad LG, Weaver M, Kelly DL, 
Chengguo X,  Yoon S. The effect of tobacco smoking on 
musculoskeletal health: a systematic review. J Environ Public 
Health. 2018;2018:4184190. doi:10.1155/2018/4184190

 3. American College of Surgeons National Surgical Quality 
Improvement Program. Participant User File (PUF) User 
Guide. American College of Surgeons National Surgical 
Quality Improvement Program; 2016.

 4. Barg A, Elsner A, Hefti D,  Hintermann B. Haemophilic 
arthropathy of the ankle treated by total ankle replacement: a 
case series. Haemophilia. 2010;16(4):647-655. doi:10.1111/
j.1365-2516.2010.02221.x

 5. Barg K, Wiewiorski M, Anderson AE, et al. Total ankle 
replacement in patients with von Willebrand disease: mid-term 

results of 18 procedures. Haemophilia. 2015;21(5):e389-e401. 
doi:10.1111/hae.12561

 6. Bettin CC, Gower K, McCormick K, et al. Cigarette smoking 
increases complication rate in forefoot surgery. Foot Ankle 
Int. 2015;36(5):488-493. doi:10.1177/1071100714565785

 7. Borenstein TR, Anand K, Li Q, Charlton TP,  Thordarson 
DB. A review of perioperative complications of outpatient 
total ankle arthroplasty. Foot Ankle Int. 2018;39(2):143-148. 
doi:10.1177/1071100717738748

 8. Bovonratwet P, Chen AZ, Shen TS, et al. What are the rea-
sons and risk factors for 30-day readmission after outpatient 
total hip arthroplasty? J Arthroplasty. 2021;36(7 suppl)
LS258-S263.e1. doi:10.1016/j.arth.2020.10.011

 9. Bovonratwet P, Ondeck NT, Nelson SJ, Cui JJ, Webb ML,  
Grauer JN. Comparison of outpatient vs inpatient total 
knee arthroplasty: an ACS-NSQIP analysis. J Arthroplasty. 
2017;32(6):1773-1778. doi:10.1016/j.arth.2017.01.043

 10. Bovonratwet P, Shen TS, Ast MP, Mayman DJ, Haas SB,  
Su EP. Reasons and risk factors for 30-day readmission 
after outpatient total knee arthroplasty: a review of 3015 
cases. J Arthroplasty. 2020;35(9):2451-2457. doi:10.1016/j.
arth.2020.04.073

 11. Courtney PM, Boniello AJ,  Berger RA. Complications fol-
lowing outpatient total joint arthroplasty: an analysis of a 
national database. J Arthroplasty. 2017;32(5):1426-1430. 
doi:10.1016/j.arth.2016.11.055

 12. Cunningham D, Karas V, DeOrio J, Nunley J, Easley M,  
Adams S. Patient risk factors do not impact 90-day read-
mission and emergency department visitation after total 
ankle arthroplasty: implications for the comprehensive 
care for joint replacement (CJR) bundled payment plan.  
J Bone Joint Surg Am. 2018;100(15):1289-1297. doi:10. 
2106/JBJS.17.01149

 13. Greenky MR, Wang W, Ponzio DY,  Courtney PM. Total hip 
arthroplasty and the Medicare inpatient-only list: an analy-
sis of complications in Medicare-aged patients undergoing 
outpatient surgery. J Arthroplasty. 2019;34(6):1250-1254. 
doi:10.1016/j.arth.2019.02.031

 14. Gross CE, Green CL, DeOrio JK, Easley M, Adams S,  
Nunley JA 2nd. Impact of diabetes on outcome of total 
ankle replacement. Foot Ankle Int. 2015;36(10):1144-1149. 
doi:10.1177/1071100715585575

 15. Kotela A, Lorkowski J, Zbikowski P, Ambroziak P, 
Kucharzewski M,  Kotela I. Total ankle arthroplasty in 
patients with inherited bleeding disorders. Haemophilia. 
2015;21(3):e257-e259. doi:10.1111/hae.12673

 16. LaMothe J, Seaworth CM, Do HT, Kunas GC,  Ellis SJ. 
Analysis of total ankle arthroplasty survival in the United 
States using multiple state databases. Foot Ankle Spec. 
2016;9(4):336-341. doi:10.1177/1938640016640891

 17. Lee JW, Im WY, Song SY, Choi JY,  Kim SJ. Analysis of early 
failure rate and its risk factor with 2157 total ankle replace-
ments. Sci Rep. 2021;11(1):1901. doi:10.1038/s41598-021-
81576-y

 18. Malik AT, Groth AT,  Khan SN. Discharge to a non-home 
destination following total ankle arthroplasty (TAA): an 
analysis of the ACS-NSQIP database. J Foot Ankle Surg. 
2020;59(4):694-697. doi:10.1053/j.jfas.2019.09.034

https://orcid.org/0000-0003-4074-6424
https://orcid.org/0000-0003-4074-6424
https://orcid.org/0000-0001-5679-2076
https://orcid.org/0000-0001-5679-2076


8 Foot & Ankle Orthopaedics

 19. Mulligan RP,  Parekh SG. Safety of outpatient total ankle 
arthroplasty vs traditional inpatient admission or overnight 
observation. Foot Ankle Int. 2017;38(8):825-831. doi:10. 
1177/1071100717709568

 20. Plantz MA, Sherman AE,  Kadakia AR. A propensity score-
matched analysis comparing outpatient and short-stay hos-
pitalization to standard inpatient hospitalization following 
total ankle arthroplasty. J Orthop Surg Res. 2020;15(1):292. 
doi:10.1186/s13018-020-01793-5

 21. Pollock JR, Doan MK, Moore ML, et al. 30-day outcomes for 
total ankle arthroplasty in patients with anemia. Foot Ankle Int. 
2021;42(11):1463-1468. doi:10.1177/10711007211017512

 22. Schipper ON, Jiang JJ, Chen L, Koh J,  Toolan BC. Effect of dia-
betes mellitus on perioperative complications and hospital out-
comes after ankle arthrodesis and total ankle arthroplasty. Foot 
Ankle Int. 2015;36(3):258-267. doi:10.1177/1071100714555569

 23. Sher A, Keswani A, Yao DH, Anderson M, Koenig K,  
Moucha CS. Predictors of same-day discharge in primary total 
joint arthroplasty patients and risk factors for post-discharge 
complications. J Arthroplasty. 2017;32(9 suppl):S150-S156.
e1. doi:10.1016/j.arth.2016.12.017

 24. Singh JA,  Ramachandran R. Time trends in total ankle arthro-
plasty in the USA: a study of the National Inpatient Sample. 
Clin Rheumatol. 2016;35(1):239-245. doi:10.1007/s10067-
014-2703-2

 25. Steinmetz RG, Luick L, Tkach S, et al. Effect of tranexamic 
acid on wound complications and blood loss in total ankle 
arthroplasty. Foot Ankle Int. 2020;41(9):1117-1121. doi:10. 
1177/1071100720934889

 26. Tedder C, DeBell H, Dix D, et al. Comparative analysis of 
short-term postoperative complications in outpatient versus 
inpatient total ankle arthroplasty: a database study. J Foot 
Ankle Surg. 2019;58(1):23-26. doi:10.1053/j.jfas.2018.06.003

 27. Valderrabano V, Horisberger M, Russell I, Dougall H,  
Hintermann B. Etiology of ankle osteoarthritis. Clin Orthop 
Relat Res. 2009;467(7):1800-1806. doi:10.1007/s11999-008-
0543-6

 28. Veljkovic AN, Daniels TR, Glazebrook MA, et al. Outcomes 
of total ankle replacement, arthroscopic ankle arthrodesis, and 
open ankle arthrodesis for isolated non-deformed end-stage 
ankle arthritis. J Bone Joint Surg Am. 2019;101(17):1523-
1529. doi:10.2106/JBJS.18.01012.


