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Background: The purpose of this study is to evaluate and redefine patients at high risk for increased
resource utilization and complications after total joint arthroplasty (TJA), so interventions may focus on
patients standing to receive the most benefit.
Material and methods: This is a retrospective study of 787 patients undergoing primary unilateral TJA
from September 1, 2020, to September 31, 2021. Patients were deemed to be at “high risk” based on
criteria derived from published literature and triaged to an enhanced preoperative education program.
Patients that were discharged to a skilled nursing facility, had a length of stay � 2 days, returned to the
emergency department, or readmitted within 30 days were classified as having a composite outcome. A
univariate analysis compared patients who did and did not experience the composite outcome, and
multivariate regression was performed to evaluate predictors of this endpoint.
Results: Differences in rates of 5 of the 28 risk factors were present between patients who did and did
not experience composite outcomes. After controlling for other factors, African American race, planned
discharge to skilled nursing facility, mental health conditions or drug use, cardiac, and neurologic con-
ditions were predictive of the composite outcome. Patients who were reclassified as “high risk” with 1 or
more of these characteristics, experienced longer length of stay and lower rates of home discharge than
the rest of the population.
Conclusion: This study presents a profile of high-risk TJA patients that can be incorporated into clinical
practice for risk stratification and targeted intervention.
© 2022 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

As the use of total joint arthroplasty (TJA) continues to expand,
increasing effort has been placed on identifying patients at risk for
increased resource utilization and postoperative complications. A
variety of models for identifying patients at increased risk for pro-
longed length of stay (LOS), nonhome discharge, complications, and
readmissions based on preoperative characteristics have been pre-
sented with variable predictive accuracy [1,2]. The majority of
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models use preoperative demographics and comorbidities to strat-
ify risk for a single postoperative outcome [1,2]. Commonly reported
risk factors for these outcomes include increased American Society
of Anesthesiologists scores, obesity, and cardiac conditions [1,2].

Multiple studies have identified preventative measures leading
to lower length of hospital stays, decreased emergency department
(ED) or readmission rates, and complications such as more
aggressive rapid recovery and rehabilitation protocols and multi-
modal pain management [3-5]. In addition, increased preoperative
education and care coordination has been associated with
improved postoperative outcomes including reduced LOS and cost
[6,7]. However, even with such advancements, health disparities
are still present. Studies have described patients with lower so-
cioeconomic status and African American (AA) race have a greater
risk for increased LOS, nonhome discharge, 30-day readmissions,
and postoperative complications [8-11].
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Given the lack of a consensus definition for the “high-risk” TJA
patient, few protocols are in place to improve the surgical outcomes
of these patients. At our institution, we have implemented an
enhanced preoperative education pathway (EPrEP) for high-risk
TJA patients. In the program, AA patients or those with 2 or more
risk factors derived from previously published research are triaged
to a nurse navigator (NN) for individualized education prior to
surgery. The early results of the program are forthcoming. The
purpose of this study is to assess the leading risk factors in high-risk
patients undergoing TJA and to further analyze groups based on a
number of risk factors. We then aim to redefine the definition of a
“high-risk” patient to create more effective predictive models for
postoperative outcomes and better target patients who may derive
the most benefit from the EPrEP.

Material and methods

This study was deemed exempt from institutional review board
approval by the institutional clinical research committee. A retro-
spective review of all patients undergoing primary unilateral total
knee arthroplasty (TKA) or total hip arthroplasty (THA) by 10
board-certified surgeons at a single institution between September
1, 2020, and September 30, 2021, was performed. Demographics,
comorbidities, and hospital outcomes were extracted from the
electronic medical record. Comorbidities were classified based on
International Classification for Disease 10th Edition codes, and co-
morbidity burden was calculated using the Charlson Comorbidity
Index (CCI). For all patients, a single NN collected data on additional
risk factors.

Study population

Patients that had same-day discharge (n ¼ 384), did not meet
the criteria for a high-risk patient (described below [n¼ 1055]), had
simultaneous bilateral TJA (n ¼ 6), or revision TJA (n ¼ 160) were
excluded from this study. A total of 787 patients met the inclusion
criteria. All patients included in the study were deemed to be at
high risk as assessed using the instrument presented in Appendix
A. The definition of each risk factor is also included in this
Appendix A. At the time of decision for surgery, surgeons docu-
mented risk factors and placed NN consults for enhanced education
in appropriate patients. Patients scheduled for surgery were sent a
survey for self-reporting risk factors. The NN then classified pa-
tients as high risk based on the surgeon and self-reported risk
factors or presence of risk factors documented in the electronic
medical record. Patients of non-white race or those with 2 or more
risk factors identified were classified as high risk. All patients
included in the study received individualized NN counseling either
in person or by telemedicine. Patients who did not complete the
self-reported survey in advance of the NN counseling session
verbally completed the survey with the NN to ensure a compre-
hensive risk assessment was completed. Counseling included dis-
cussions of preoperative management of medical comorbidities
and triage to outside resources including smoking cessation,
weight management, transportation services, and in-home care as
deemed necessary by the NN. The NN then provided additional
education regarding expectations of surgery, pain management
techniques, and appropriate resources for postoperative questions
and concerns.

Study outcomes

Postoperative outcomes of interest included LOS (measured in
hours and days), home-discharge status, 30-day ED returns, and
30-day readmissions. ED returns and readmissions were manually
collected and included all returns to hospitals participating in the
Epic Care-Everywhere program. Patients that were discharged to a
skilled nursing facility (SNF), had a LOS greater than 2 days,
returned to the ED within 30 days, or were readmitted within 30
days were classified as having a composite outcome.

Statistical analysis

The prevalence of risk factors for the entire population was
calculated, and demographics, comorbidities, and outcomes were
assessed for each number of risk factors; 1, 2, 3, 4, and 5þ risk
factors. One-way analysis of variance was used to determine dif-
ferences between groups.

Univariate analysis including chi-square tests and two-sided
independent samples t-tests were used to determine de-
mographic, comorbidity, and risk factor differences between those
with and without the composite outcome. The Fisher’s Exact test
was performed when the assumptions of chi-square testing were
not met, and the Mann-Whitney U test was used for nonparametric
continuous data. The data were randomly split into a training set
(80% for building a predictive model) and a test set (20% for eval-
uating the model). Stepwise multiple logistic regression was used
to evaluate predictors of the composite outcome in the training set.
A receiver operator curve was generated on the test set, and the
area under the curve was calculated to measure the accuracy of the
model in predicting the composite outcome. Using the significant
predictors found from the logistic model, a new criterion was used
to classify high-risk patients. Any patient of AA race, planned SNF,
mental health or drug-use issues, and cardiac or neurologic con-
ditions were redefined as a high-risk patient. Univariate analysis
was used to determine demographic, comorbidity, and post-
operative outcome differences between redefined high-risk pa-
tients and those who were not. The Fisher’s Exact test was
performed when the assumptions of chi-square testing were not
met, and the Mann-Whitney U-test was used for nonparametric
continuous data. All statistical analyses were performed using R
Studio (Version 1.4.1717 2009-2021 RStudio, PBC). Statistical sig-
nificance was assessed at P < .05.

Results

The average number of risk factors for the overall population
was 3.13. The top 3 risk factors were living outside the county of the
hospital, being awoman over the age of 65 years, and having a Body
Mass Index (BMI) greater than 35 (Table 1). Patient demographics
were assessed by a number of risk factors. Patients with 4 and 5þ
risk factors had significantly higher BMIs (P ¼ .032), were more
likely to be female (P¼ .029), and AA (P < .001) than those with 1, 2,
or 3 risk factors. Patients with 5þ risk factors had a greater overall
comorbidity burden as measured by the CCI (P < .001) (Table 2).
Postoperatively, patients with 5þ risk factors had a significantly
longer LOS in hours (P ¼ .012) and days (P ¼ .021) and a higher rate
of 30-day ED returns (P ¼ .005) (Table 3).

Demographically, those that had the composite outcome
(discharge to SNF, LOS �2 days, or 30-day ED return or read-
mission) were nearly 4 years older than those without a composite
outcome (72.17 vs 68.37; P < .001) and had a significantly higher
average CCI (4.24 vs 3.40; P < .001). There were no significant dif-
ferences in BMI, sex, or race between those who had a composite
outcome and those who did not (Table 4). When compared with
no-composite-outcome patients, those with a composite outcome
had, on average, a higher number of risk factors (3.50 vs 3.04;
P ¼ .002), a higher proportion of patients that lived alone (31.3% vs
22.2%; P ¼ .029), a higher proportion of patients with planned
discharge to SNF (24.3% vs 4.8%; P < .001), and a higher proportion



Table 1
Prevalence of risk factors.

Risk factors Patients with �1
risks (n ¼ 787)

Average number of risk factors 3.13 ± 1.52
Pain management 79 (10.0)
Sleep apnea 155 (19.7)
Diabetes with A1c > 7 84 (10.7)
Insulin dependent diabetes 23 (2.9)
Current smoker 58 (7.4)
African American race 134 (17.0)
Hispanic 6 (0.8)
Other ethnicity 10 (1.3)
BMI >35 208 (26.4)
Lives alone 188 (23.9)
Wants/Planned discharge to SNF 66 (8.4)
Socioeconomic concerns 43 (5.5)
Worker’s comp 5 (0.6)
Homeless 3 (0.4)
Woman >65 365 (46.4)
Lives outside primary service area 381 (48.4)
Alcohol dependence 10 (1.3)
Mental health/drug use 20 (2.5)
Cardiac 155 (19.7)
Pulmonary 11 (1.4)
Vascular 20 (2.5)
Neurologic 21 (2.7)
Family concerns 7 (0.9)
Spine 14 (1.8)
Autoimmune 17 (2.2)
Diabetes 45 (5.7)
Other 180 (22.9)

Data are expressed as mean ± SD or n (%).
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of patients with mental health/drug use issues (5.6% vs 1.7%;
P ¼ .012) and cardiac issues (27.1% vs 17.9%; P ¼ .017) (Table 5).

A stepwisemultivariate logistic regressionmodel on the training
set found AA race, planned SNF discharge, mental health and drug
use issues, cardiac issues, and neurologic issues to be predictors of
the composite outcome. Those of AA race were 2.03 (95% confi-
dence interval [CI]: 1.12 to 3.63; P ¼ .018) times more likely to
experience a composite outcome. Planned SNF patients were 5.20
(95% CI: 2.84 to 9.58; P < .001) times more likely to experience a
composite outcome. Those with mental health and drug use issues,
cardiac issues, and neurologic issues were 3.94 (95% CI: 1.14 to
12.24; P < .021), 2.55 (95% CI: 1.51 to 4.27; P < .001), and 3.39 (95%
CI: 0.99 to 910.31; P ¼ .037) times more likely to experience a
composite outcome, respectively (Table 6).When applied to the test
set, the model generated an area under the receiver operator curve
of 0.63 indicating fair predictive accuracy (Fig. 1).

Using significant predictors found from the logistic model, a
new criterion was used to classify high-risk patients. Any patient of
AA race, planned SNF, mental health/drug use issues, cardiac issues,
or neurologic issues were categorized as a redefined high-risk
patient. Demographically, the high-risk patients were on average
Table 2
Patient demographics.

Demographics and
comorbidities

1 Risk factor
(n ¼ 95)

2 Risk factors
(n ¼ 208)

3 Ris
(n ¼

Age 68.34 ± 9.52 70.17 ± 8.60 69.19
BMI 29.76 ± 4.54 29.39 ± 5.17 30.11
Sex
Female 37(38.9) 122 (58.7) 132 (
Male 58 (61.1) 86(41.3) 73 (

AA race 1 (1.1) 6 (2.9) 52 (
CCI 3.17 ± 1.64 3.35 ± 1.49 3.56

P values <0.05 are given in bold.
Data are expressed as mean ± SD or n (%).
2.5 years older (70.43 vs 67.80; P < .001) with a higher comorbidity
burden (3.97 vs 3.19; P < .001) (Table 7). Postoperatively, high-risk
patients had a longer LOS in hours (39.40 vs 32.76; P < .001) and
days (1.41 vs 1.15; P < .001) and a significantly lower rate of home
discharge (91.5% vs 98.8%, P < .001) (Table 8). When broken into
number of risk factors, there were no significant differences in LOS,
rate of discharge home, 30-day ED return rate, or 30-day read-
mission rates (Appendix B).

Discussion

The results of the current study demonstrate that thosewith 5 or
more risk factors aremore likely to have a greater BMI, be female, of
AA race, and an increased comorbidity burden. With an increasing
number of risk factors, trends toward longer length of hospital stay
and higher 30-day ED return rates were observed.When examining
risk factors for an endpoint of composite outcomes, AA race, plan-
ned discharge to SNF, mental health conditions/drug use, and car-
diac or neurologic comorbidities were independent predictors of
this endpoint. Using these factors to redefine high-risk patients, we
confirmed that patients with 1 or more of these 5 characteristics
experienced longer LOS and higher rates of nonhome discharge.
Similar rates of ED returns and readmission were found in those
with or without these characteristics. Based on these results, we
suggest preoperative interventions, such as EPrEPs, for this subset
of patients to improve their surgical success.

The current study’s finding that AA race was a significant pre-
dictor of composite outcomes highlights the continued need to
refine interventions aimed at reducing racial disparities in TJA pa-
tients. Recent literature has found similar results encompassing the
racial disparities that exist in health care, specifically in TJA. Inneh
et al. conducted a study of 7924 lower extremity joint procedure
cases and found an increase in nonhome discharge rate with AA
race/ethnicity [8]. Another study by Amen et al. used the National
Inpatient Sample Database to gather data on TJA patients and race
[10]. AA patients were more likely to have longer LOS and increased
complication rates (P < .001 for both) [10]. AA patients were also
more likely tobedischarged toa facility rather thanhome [10]. Stone
et al. too found a greater LOS for AATKA patients (P < .001) and THA
patients (P¼ .065) than that for thewhite population [11]. This study
was conducted from2013 to2017 and found that althoughdischarge
rates to a SNF decreased overtime, AA patients were still twice as
likely to be discharged compared with white patients [11]. The
current study adds to our understanding of the increased risk pre-
sent in AA patients undergoing TJA in multiple ways. First, our data
demonstrate that AA patients do present with an increased number
of risk factors encompassing both medical comorbidities and psy-
chosocial concerns. It is notable that within this cohort of high-risk
patients, AAs made up only 1.8% of patients with 1 or 2 risk factors,
but 61.4% of patients had5 ormore risk factors. Second, the results of
themultivariate regression foundAApatients to be at over twice the
k factors
205)

4 Risk factors
(n ¼ 143)

5þ Risk factors
(n ¼ 132)

P value

± 9.24 69.32 ± 10.63 67.61 ± 8.74 .537
± 5.43 32.15 ± 5.48 34.04 ± 5.53 .032

.029
64.4) 105 (73.4) 95 (72.0)
35.6) 38 (26.6) 37 (28.0)
25.4) 54 (37.8) 81 (61.4) <.001
± 1.81 3.63 ± 1.78 4.07 ± 1.74 <.001



Table 3
Outcomes.

Outcomes 1 Risk factor
(n ¼ 95)

2 Risk factors
(n ¼ 208)

3 Risk factors
(n ¼ 205)

4 Risk factors
(n ¼ 143)

5þ Risk factors
(n ¼ 132)

P value

LOS hours 31.47 ± 13.34 34.59 ± 16.05 36.73 ± 26.28 36.42 ± 20.43 40.64 ± 25.49 .012a

LOS days 1.09 ± 0.54 1.22 ± 0.65 1.32 ± 1.08 1.28 ± 0.82 1.44 ± 1.07 .021a

Discharge home 94 (98.9) 203 (97.6) 197 (96.1) 137 (95.8) 116 (87.9) .052
30-d ED return 2 (2.1) 8 (3.8) 9 (4.4) 7 (4.9) 9 (6.8) .005
30-d Readmission 2 (2.1) 6 (2.9) 6 (3.0) 3 (2.1) 2 (1.5) .385

P values <0.05 are given in bold.
Data are expressed as mean ± SD or n (%).

a Mann-Whitney U-test.

Table 4
Patients with composite outcome (SNF or 2þ LOS or 30-day ED or 30-day readmit).

Demographics and comorbidities No composite outcome (n ¼ 642) Composite outcome (n ¼ 144) P value

Age 68.37 ± 9.07 72.17 ± 9.82 <.001
BMI 30.98 ± 5.50 30.64 ± 5.71 .508
Sex .080
Female 393 (61.2) 100 (69.4)
Male 249 (38.8) 44 (30.6)

AA race 107 (16.7) 30 (20.8) .285
CCI 3.40 ± 1.61 4.24 ± 1.96 <.001

P values <0.05 are given in bold.
Data are expressed as mean ± SD or n (%).

Table 5
Risk factors by composite outcome.

Risk factors No composite outcome (n ¼ 642) Composite outcome (n ¼ 144) P value

Average number of risk factors 3.04 ± 1.48 3.50 ± 1.63 .002
Pain management 61 (9.5) 18 (12.5) .353
Sleep apnea 124 (19.3) 31 (21.5) .626
Diabetes with A1c > 7 70 (10.9) 14 (9.7) .791
Insulin dependent diabetes 19 (3.0) 4 (2.8) 1a

Current smoker 47 (7.3) 11 (7.6) 1
African American race 104 (16.2) 30 (20.8) .225
Hispanic 5 (0.8) 1 (0.7) 1a

Other ethnicity 8 (1.2) 2 (1.4) 1a

BMI >35 175 (27.3) 33 (22.9) .336
Lives alone 143(22.2) 45 (31.3) .029
Wants/Planned discharge to SNF 31 (4.8) 35 (24.3) <.001
Socioeconomic concerns 30 (4.7) 13 (9.0) .061
Worker’s comp 4 (0.6) 1 (0.7) 1a

Homeless 1 (0.02) 2 (1.4) .088
Woman >65 287 (44.7) 78 (54.2) .049
Lives outside primary service area 320 (49.8) 61 (42.4) .126
Alcohol dependence 6 (0.09) 3 (2.1) .218a

Mental health/drug use 11 (1.7) 8 (5.6) .012a

Cardiac 115 (17.9) 39 (27.1) .017
Pulmonary 7 (1.1) 3 (2.1) .402a

Vascular 16 (2.5) 3 (2.1) 1a

Neurologic 15 (2.3) 5 (3.5) .748a

Family concerns 5 (0.8) 1 (0.7) .589a

Spine 10 (1.6) 3 (2.1) .932a

Autoimmune 13 (2.0) 3 (2.1) 1a

Diabetes 43 (6.7) 5 (3.5) .205
Other 126 (19.6) 21 (14.6) .199

Data are expressed as mean ± SD or n (%).
a Denotes Fisher's exact test.

L.A. Stock et al. / Arthroplasty Today 15 (2022) 196e201 199



Table 7
Patient demographics of redefined high-risk patients.

Demographics and
comorbidities

Non-high risk
(n ¼ 422)

High risk
(n ¼ 364)

P value

Age 67.89 ± 9.25 70.43 ± 9.22 <.001
BMI 30.77 ± 5.53 31.09 ± 5.54 .411
Sex .992
Female 264 (62.6) 229 (62.9)
Male 158 (37.4) 135 (37.1)

AA race 0 (0) 137 (37.6) <.001
CCI 3.19 ± 1.53 3.97 ± 1.81 <.001

P values < 0.05 are given in bold.
Data are expressed as mean ± SD or n (%).

Table 6
Multivariate logisitic regression: predictors of composite outcome (SNF or 2þ LOS or
30-day ED or 30-day readmit).

Predictors Odds
ratio

95% Confidence
interval

P value

AA race 2.03 1.12-3.63 .018
Planned SNF 5.20 2.84-9.58 <.001
Woman >65 1.50 0.98-2.31 .064
Lives outside primary service area 0.71 0.46-1.10 .127
Alcohol dependence 3.67 0.72-15.09 .082
Mental health/drug use 3.94 1.14-12.24 .021
Cardiac 2.55 1.51-4.27 <.001
Neurologic 3.39 0.99-10.31 .037

P values < 0.05 are given in bold.
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oddsof experiencingdischarge toSNF, 2þdays of LOS, ora30-dayED
return or readmission thannon-AApatients. Third, AA racewas both
included in the final model and independently a significant pre-
dictor, demonstrating the impactof race onoutcomes afterTJA.With
all patients considered high risk and managed through the EPrEP,
collectively our findings suggest additional intervention may be
required to improve the value of TJA for this selected subset of high-
risk patients.

Other comorbidities such as mental health conditions/drug use,
cardiac, and neurologic conditions play an important role as pre-
dictive measures for composite outcomes. A study by Ali et al.
found those with anxiety or depressionwere 6 times more likely to
be dissatisfied with their TKA than those without a diagnosis [12].
Depression and anxiety have also been associated with increased
pain and lower postoperative Western Ontario and McMaster
Universities Arthritis Index scores [13,14]. Current literature has
shown investigations of drug use in surgical outcomes, most
commonly preoperative opioid use [15-18]. A study conducted by
Best et al. investigated TJA patients and found those with drug
misuse had longer lengths of hospital stays and higher nonroutine
discharge rates than those without drug misuse [15].

Additional studies have found increased postoperative opioid
consumption for those with preoperative opioid use [16,17].
Although drug users only accounted for 13% of patients in the
mental health conditions/drug use group within the current study,
further research is needed to evaluate the impact of other illicit
drug use on TJA outcomes. Cardiac disease has also been associated
with increased readmission rates after TJA [9]. Our study found
19.7% of the population had cardiac comorbidities such as conges-
tive heart failure, atrial fibrillation, and coronary artery disease. A
study conducted by Curtis et al. investigated heart failure in TKA
and found an association with greater LOS and readmission [19].
Figure 1. Receiver operator curve of multivariate logisitic model of composite
outcome, area under the curve ¼ 0.6289, specificity ¼ 0.924.
Neurologic conditions such as dementia, cerebrovascular accident,
and Parkinson’s disease were recorded in our study population and
found to be a predictor of the composite outcome. Furthermore,
Pomeroy et al. found an association between neurologic disorders
and increased complication rates for TKA [20]. The data presented
in the current study support the literature in concluding mental
health/drug use, cardiac, and neurologic conditions are indepen-
dent predictors of increased LOS, discharge to SNF, and 30-day ED
returns or readmissions in high-risk TJA patients.

The Centers for Medicare and Medicaid Services decision to
remove TKA and THA from the inpatient-only list is a potential
confounding factor influencing the decreased LOS seen in our study.
The inpatient-only list entails a list of procedures that Medicare
would cover if taken place in a hospital inpatient setting as opposed
to outpatient surgical centers [21]. In reference to our study period,
TKA was removed from the inpatient-only list prior, in 2018, while
THAwas removed in 2020 [22,23]. Therefore, outside factors such as
90-day ED return risks and medical care coverage may be driving
forces for deciding if a patient should undergo inpatient or outpa-
tient surgical care. However, we suggest this potentially confounding
factor likely had limited impact on our results, as the study period
was after removal of both procedures from the inpatient-only list.

The current study does contain multiple limitations. First, as a
single-institution study, the population may not be representative
of the broader population of patients undergoing TJA. An oppor-
tunity exists for additional research validating the presented defi-
nition of high-risk patients at other institutions. Second, as a
retrospective observational study, risk for selection bias exists. This
risk is particularly present in our methodology as the population of
“high-risk” patients were identified by surgeons and the NN.
Although a standardized criterion was used, the potential for sub-
jective interpretation of risk factors, particularly socioeconomic
factors, exists. Third, limitations may exist in our collection of ED
returns, and readmission rates for only hospitals participating in
the Epic Care-Everywhere program were included. Therefore, 30-
day ED returns or readmissions at non-Epic hospitals would not
be included. Fourth, althoughwewere able to identify independent
predictors of the composite endpoint used in this study, the overall
predictive accuracy of the model generated was limited. This
Table 8
Outcomes of redefined high-risk patients.

Outcomes Non-high risk
(n ¼ 422)

High risk
(n ¼ 364)

P value

LOS hours 32.76 ± 15.87 39.40 ± 27.14 <.001
LOS days 1.15 ± 0.64 1.41 ± 1.11 <.001
Discharge home 417 (98.8) 333 (91.5) <.001
30-d ED return 9 (2.1) 10 (2.7) .645
30-d Readmission 13 (3.1) 22 (6.0) .056

P values < 0.05 are given in bold.
Data are expressed as mean ± SD or n (%).
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highlights the difficulty of generating a single model for predicting
multiple outcomes that may be influenced by different risk factors.
Finally, this study is limited by a short follow-up period of 30 days
and does not examine risk factors for long-term complications or
lack of improvement in patient-reported outcomes.

Conclusions

Within a cohort of high-risk patients, AAs and thosewithmental
health, cardiac, and neurologic conditions were at increased risk for
composite outcomes after TJA. Interventions aimed at improving
early postoperative outcomes and reducing disparities should be
tailored to focus on this subset of the TJA population.
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Appendix A
Risk factor assessment used to assess patients for “high-risk” criteria.

Risk factor Point 1 per positive result Definition details

High risk if positive
Minority None
African American
Hispanic
other
Same day discharge None
ASC patient None

High risk if 2 or more positive
Insulin dependent diabetes None
Diabetic with A1C > 7 None
Diabetic with unknown A1C Patient is unaware of current A1C, with no recent A1C

documented in the medical record
Sleep apnea Diagnosis of obstructive sleep apnea in the medical record or

patient reports having sleep apnea requiring CPAP or BIPAP
BMI >35 None
Current smoker None
Pain management Patient is currently seeing a pain management specialist
Female >65 None
Lives alone Patient does not have a caregiver present in the home

Special needs: (any)
Learning disability Diagnosis of a learning disability (dyslexia, nonverbal, reading

comprehension deficit) documented in the medical record or
reported by the patient

Dialysis patient Patient is actively receiving hemodialysis
Venous insufficiency Diagnosis of chronic venous insufficiency in the medical record

or reported by the patient
Prosthetic limb None

Socioeconomic
Homeless Patient does not maintain a permanent residence.
Lives in a RV, camper, boat, or other
nontraditional home

None

Wants to go to SNF Patient has requested to be discharged to a SNF
Workers’ compensation Patient is seeking care related to a workers’ compensation case

Other
Alcohol dependence Current diagnosis of alcoholism or alcohol dependence in the

medical record or patient self-reports as an alcoholic of alcohol
dependent

Mental health condition/Illicit drug use Current diagnosis of a mental health condition (depression,
anxiety, bipolar, etc.) in the medical record of reported by the
patient. Recent or ongoing use of an illicit drug (marijuana,
cocaine, heroin, etc.) documented in the medical record or
reported by the patient

Cardiac condition Current diagnosis of AFIB, CHF, CAD, aortic disease, or history of
MI documented in the medical record or reported by the patient

Pulmonary condition Current diagnosis of COPD, asthma, emphysema, or cystic
fibrosis documented in the medical record or reported by the
patient

Vascular condition Current diagnosis of PVD, or history of PE/DVT documented in
the medical record or reported by the patient

Neurologic condition Current diagnosis or history of Alzheimer’s disease, ALS,
Guillain-Barre syndrome, Bell’s palsy, dementia, brain tumor, or
cerebrovascular accident recorded in the medical record or
reported by the patient

Spine condition History of spine surgery or current diagnosis of a spine
condition being managed by a provider documented in the
medical record or reported by the patient

Autoimmune condition Current diagnosis or history of rheumatoid arthritis, psoriatic
arthritis, multiple sclerosis, systemic lupus erythematosus, IBD,
Addison’s disease, Graves’ disease, or myasthenia gravis
recorded in the medical record or reported by the patient

Diabetes mellitus Current diagnosis of diabetes mellitus without A1C > 7,
unknown A1C, or NIDDM (controlled diabetic)

Other family concern Other family concerns including abusive relationship or
domestic issues reported by the patient

Other Comorbidities or psychosocial/socioeconomic factors not
otherwise classified

Geographic
Resides outside of hospital county None

Total number of risk factors

ASC, ambulatory surgery center; CPAP, continuous positive airway pressure; BIPAP, bilevel positive airway pressure; AFIB, atrial fibrillation; CAD, coronary artery disease; CHF,
congestive heart failure; RV, recreational vehicle; MI, myocardial infarction; COPD, chronic obstructive pulmonary disease; PVD, peripheral vascular disease; PE, pulmonary
embolism; DVT, deep vein thrombosis; ALS, amyotrophic lateral sclerosis; IBD, inflammatory bowel disease; NIDDM, non-insulin dependent diabetes mellitus.
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Appendix B
Outcomes by number of risk factors in redefined high-risk patients.

Outcomes 1 Risk factor (n ¼ 21) 2 Risk factors (n ¼ 67) 3 Risk factors (n ¼ 94) 4 Risk factors (n ¼ 79) 5þ Risk factors (n ¼ 103) P value

LOS hours 36.60 ± 27.21 35.63 ± 16.98 42.30 ± 37.63 39.72 ± 23.60 42.19 ± 27.53 .119a

LOS days 1.30 ± 1.13 1.29 ± 0.68 1.53 ± 1.55 1.41 ± 0.96 1.51 ± 1.13 .138a

Discharge home 20 (95.2) 64 (95.5) 88 (93.6) 74 (93.7) 87 (84.5) .099
30-d ED return 0 (0) 4 (6.0) 6 (6.4) 5 (6.3) 7 (6.8) .137
30-d Readmission 0 (0) 2 (3.0) 4 (4.3) 2 (2.5) 2 (1.9) .587

Data are expressed as mean ± SD or n (%).
a Mann-Whitney U-test.
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