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Background: There is a paucity of validated risk stratification tools to assess which patients can safely and
predictably undergo outpatient total hip (THA) or knee arthroplasty (TKA) in an ambulatory surgery
center (ASC).
Methods: Our novel patient selection tool was prospectively applied to 190 consecutive primary THA and
TKA performed by a single surgeon at a single ASC. We identified the proportion of patients discharged
home the same day, those requiring a one-night stay, or those with failed discharge within 23 hours. A
retrospective chart review was performed to determine if any demographic parameters were risk factors
for an overnight stay.
Results: Overall, 190 (100%) patients selected for outpatient THA and TKA were discharged home within
23 hours. One hundred and four patients (55%) were discharged the same day of surgery, whereas 86
(45%) required overnight stay and were discharged on postoperative day 1. Female sex (odds ratio [OR]:
4.1, 95% confidence interval [CI]: 2.0-8.2, P < .001), THA (OR: 2.5, 95% CI: 1.1-5.5, P ¼ .022), and heavier
body mass index (OR: 1.0, 95% CI: 1.0-1.2, P ¼ .022) were identified as independent risk factors for staying
overnight in the ASC.
Conclusions: In this pilot study, we found that 100% of outpatient THA and TKA-eligible patients were
able to be discharged home by postoperative day 1. Additionally, we found that this selection tool is safe
and effective at predicting short-stay discharge in an ASC.
© 2024 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

Over the last 5 years, there has been a considerable shift
toward rapid recovery and short-stay total hip arthroplasty (THA)
and total knee arthroplasty (TKA). Advances in perioperative
protocols in conjunction with appropriate patient selection have
proven successful in safely reducing patients’ length of stay (LOS)
following outpatient THA and TKA [1-5]. The Centers for
Medicaid and Medicare Services removed TKA from its inpatient-
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only list in 2018 and removed THA in 2020. A 36.4% shift to the
outpatient setting has occurred over this period of time and is
projected to increase beyond 50% by 2026 [5-7]. Outpatient
surgery is typically divided into cohorts of patients who are
discharged on the same day of surgery (same day) or after a
short stay (less than 23 hours). Patient selection is paramount for
safely and effectively transitioning major surgeries, such as THA
and TKA, to the ambulatory setting [8,9]. However, there is a
paucity of validated, publicly available, and universally accepted
risk stratification tools to assess those patients who can safely
and predictably undergo same-day or short-stay discharge in an
ambulatory surgery center (ASC).

Multiple generalized risk assessment indices [10-12] have been
used to stratify medical risk factors in arthroplasty patients, but
their utility in predicting candidates for rapid recovery is
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unfounded. More recently, selection tools specific to patients un-
dergoing THA and TKA in the outpatient hospital setting have been
described [13,14]. The Outpatient Arthroplasty Risk Assessment
(OARA) score, for example, is a proprietary patient stratification
tool scored across nine medical comorbidity categories and is
available via paid subscription [13]. Although the tool possesses a
more precise predictive ability than generalized scoring indices, it
does not consider any social factors, which may be a limitation,
according to the authors [13].
Figure 1. Patient selection tool for the arthroplasty and
A novel selection tool (Fig. 1) developed by the senior author
incorporates medical comorbidities, patient-specific factors, and
social influences to best identify patients that can undergo safe
outpatient THA or TKA [14]. The criteria were developed through a
combination of clinical experience, a review of literature focusing
on reasons for failed same-day discharge (SDD) in total joint
arthroplasty [3,9,10,13,15-21], as well as guidance from colleagues
in anesthesia and nursing. Certain patient variables are considered
a hard-stop for eligibility, while patients deemed mild to moderate
spine recovery program in the ambulatory setting.



Table 1
Demographics of the whole cohort.

Variable Mean Standard deviation

Age 61.2 8.0
BMI 28.3 4.5
Median income per zip code ($) 106,014.00 34,970.33
Race
African American 17 9.0%
Asian 7 3.7%
Caucasian 144 77.9%
Multiracial 17 9.0%
Unknown 1 0.4%

Insurance type
Medicare 58 30.5%
Medicaid 24 12.6%
Private 108 56.8%

Marital status
Single 29 15.3%
Married 135 71.1%
Divorced 15 7.9%
Widowed 9 4.7%
Separated 2 1.1%

CCI
0 12 6.6%
1 and 2 142 91.8%
3 and 4 36 2.6%
5 and more 0 0%

Surgery type
THA 52 27.4%
TKA 138 72.6%

Sex
Female 94 49.5%
Male 96 50.5%

CCI, charlson comorbidity index.

Table 2
Demographics of same-day discharge vs staying overnight.

Variable Same day (104) Overnight (86) P value

Age 59.7 ± 7.6 63.1 ± 8.0 .003a

BMI 27.7 ± 4.1 28.9 ± 4.9 .066
Socioeconomic status 108,152.90 ±

34,400
103,065.20 ±
35,649.95

.320

CCI .007a

0 9 (8.7%) 3 (3.5%)
1 and 2 85 (81.7%) 57 (66.3%)
3 and 4 10 (9.6%) 26 (30.2%)
5 and more 0 (0%) 0 (0%)

Race .113
African American 6 (5.8%) 11 (12.8%)
Asian 2 (1.9%) 5 (5.8%)
Caucasian 88 (84.6%) 60 (69.8%)
Multiracial 8 (7.7%) 9 (10.5%)
Unknown 0 (0%) 1 (1.2%)

Insurance type .477
Medicare 50 34
Medicaid 13 13
Private 41 39

Marital status .361
Single 13 (12.5%) 15 (17.4%)
Married 78 (75%) 57 (66.3%)
Divorced 6 (5.8%) 9 (10.5%)
Widowed 5 (4.8%) 5 (5.8%)
Separated 2 (1.9%) 0 (0%)

Surgery type <.001a

THA 17 (16.3%) 35 (40.7%)
TKA 87 (83.7%) 51 (59.3%)

Sex <.001a

Female 39 (37.5%) 55 (64.0%)
Male 65 (62.5%) 31 (36.0%)

CCI, charlson comorbidity index.
a Statistically significant.
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risk are able to undergo outpatient THA or TKA. Recently, this se-
lection tool was retrospectively applied to an unselected, consec-
utive cohort of patients undergoing THA and TKA in the inpatient
hospital setting [14]. The positive predictive value (PPV) and
negative predictive value (NPV) of this tool were 86% and 96%,
respectively. Given this tool’s efficacy in predicting candidates for
rapid recovery and discharge in an inpatient hospital cohort, our
objective of this manuscript was to examine the efficacy of this
patient selection tool in a selected cohort of outpatient arthroplasty
patients.

We asked the following questions: (1) Can a novel patient se-
lection tool predict same-day and one-night stay discharge at an
ASC? (2) What comorbidity or demographic (including race, sex,
and socioeconomic status) risk factors predict staying overnight or
failed 23-hour discharge in an ASC? and (3) Is discharging patients
the same day or after a one-night stay safe as measured by post-
operative 90-day emergency department (ED) visits, readmissions,
and complications?

Material and methods

Following institutional review board approval, our novel patient
selection tool (Fig. 1) was prospectively applied to 190 consecutive
patients who received elective unilateral total joint arthroplasties
(THA or TKA) between July 2019 and October 2021. All procedures
were performed by a single fellowship-trained adult reconstruction
surgeon at an ASC. As part of our study design, all patients meeting
the following criteria were to be excluded: patients undergoing
revision THA or TKA, conversion THA or TKA requiring removal of
hardware, or unicompartmental knee arthroplasty. However, no
patients met exclusion criteria, leaving 190 patients that were
deemed THA and TKA eligible based on a mild or moderate risk
assessment score using the patient selection tool. All patients in the
study underwent THA performed with the direct anterior approach
or TKA via a medial parapatellar approach. The same technique and
implant company were utilized in every case.

A retrospective chart review of our institutional electronic
medical record system was then performed on the same consecu-
tive 190 patients to assess demographic factors. Demographics
collected included age at the time of surgery, body mass index (kg/
m2) (BMI), procedure type (TKA or THA), insurance status (Medi-
care, Medicaid, or Private), as well as self-reported variables
including sex (female or male), marital status (married, single,
divorced, separated, widowed, or unknown), as well as race
(Caucasian, Asian, African American, multiracial, or unknown).
Socioeconomic status was assessed by correlating a patient’s zip
code with median income per zip code based on United States
Census data similar to prior studies [22]. The Charlson comorbidity
index was calculated and stratified as in prior studies [23]. Patient
demographics can be seen in Tables 1 and 2.

Utilizing the above patient demographics, we also aimed to
determine if patient demographic factors such as race, sex, and
socioeconomic status were risk factors for staying overnight or one-
night stay discharge in an ASC. Ninety-day complication rates as
well as ED visits were analyzed to determine the safety of the pa-
tient selection tool. Preoperatively, all patients selected for outpa-
tient THA or TKA complete a one-on-one, virtual perioperative
education class with a trained nurse that discusses medication and
equipment usage, physical therapy, and wound care/bathing
instructions.

All statistics were performed with STATA 14.0 (College Station,
TX). Statistical significance was defined as P < .05. Continuous and
categorical variables were assessed with two-tailed t-tests and chi-
squared tests, respectively. Continuous variables were described as
means with standard deviations, and categorical variables were
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described as frequencies with proportions. Multivariate logistic re-
gressions were performed both to determine if the patient selection
tool discriminates against patient demographic factors as well as if
any demographic variable predicts delayed discharge. Variables
included in the regression analysis included age, BMI, race, sex,
marital status, median income per zip code, and insurance type.

Results

In this pilot study, the patient selection tool was highly effica-
cious at predicting discharge home within one postoperative day
after THA or TKA (n ¼ 190, 100%). Of the 190 arthroplasty patients,
104 (55%) were successfully discharged home the same day of
surgery, whereas 86 (45%) were discharged on postoperative day 1.
No patients stayed more than one night in the ASC.

Multivariate logistic regression identified female (odds ratio
[OR]: 4.1, 95% confidence interval [CI]: 2.0-8.2, P < .001) patients
undergoing THA (OR: 2.5, 95% CI: 1.1-5.5, P ¼ .022) or those with a
heavier BMI (OR: 1.0, 95% CI: 1.0-1.2, P ¼ .022) as independent risk
factors for staying overnight in the ASC (Table 3). Race or socio-
economic status were not independent risk factors (P ¼ .078 and
P ¼ .816, respectively). As no patients had a failed one-night stay
discharge, we were unable to identify any risk factors for delayed
discharge in this cohort.

Four (2.1%) patients had an ED visit within the first 90 days
postoperatively. One patient returned to the ED for concern for
swelling/deep vein thrombosis, but was found to have negative
Doppler ultrasound results. Two patients had hip dislocations
treated with closed reduction in the ED. The final patient presented
to the ED for wound drainage, which required a bedside debride-
ment for superficial wound necrosis. There was one 90-day read-
mission (0.5%) during this study, which was for a patient with
recurrent hip instability who subsequently underwent a reopera-
tion. This was the only reoperation in the cohort, yielding a reop-
eration rate of 0.5%. Also of note, in the TKA cohort, there were 3
patients requiring manipulations under anesthesia within 90 days
postoperatively.

Discussion

In this pilot study model, we found that 100% of outpatient THA
or TKA eligible patients, as determined by the patient selection tool,
were able to be discharged home the same day or on postoperative
day 1. Fifty-five percent of the patients were discharged the same
day, and 45% were discharged on postoperative day 1. Female pa-
tients, those undergoing THA, and those with a heavier BMI (>35
kg/m2) were independent risk factors for staying overnight in the
ASC. As no patients required more than two nights of stay, we were
Table 3
Risk factors for staying overnight.

Variable OR 95% CI P value

Age 1.0 0.9-1.1 .894
BMI 1.1 1.0-1.2 .022a

CCI 1.8 0.8-3.9 .138
Socioeconomic status 1.0 1.0-1.0 .816
Race 1.4 1.0-2.0 .078
Insurance type 1.4 0.7-2.8 .417
Marital status 1.2 0.8-1.7 .370
Surgery type 2.5 1.1-5.5 .022a

Sex 4.1 2.0-8.2 <.001a

CCI, charlson comorbidity index.
One-unit change for age: 1 year, BMI: 1 kg/m2, CCI: 1 point, socioeconomic status:
$1.00.

a Statistically significant.
unable to identify risk factors for delayed discharge in this cohort.
Finally, we found this selection tool to be safe compared with
readmission and complication rates reported in previous literature
[10,24,25].

Various assessment tools have been used for patient selection in
total joint arthroplasty; however, few are validated in the outpa-
tient setting [10,13,15,26]. The OARA score developed byMeneghini
et al. is a selection tool that predicts same-day or next-day
discharge in the outpatient hospital setting and performs with a
PPV and NPV of 81.6% and 33.5%, respectively [13]. It includes nine
comorbidity areas that are scored based on physician assessment of
disease severity, its optimization, and its potential to affect surgical
outcomes. Another medical-based decision tool, the Ascension
Seton Lower Extremity Inpatient-Outpatient (LET-IN-OUT) tool was
reported by Trutner et al. in 2023. This 14-item questionnaire (yes/
no) was retrospectively applied to 563 consecutive THA and TKA
patients to predict short-stay discharge in the outpatient hospital
setting [26]. According to the authors, a “no” in all 14 field items is
required for an outpatient recommendation by an anesthesiologist
or internist [26]. For predicting discharge within a 24-hour period,
the LET-IN-OUT tool performed with a PPV of 86%, an NPV of 54%, a
specificity of 82%, and a sensitivity of 54%. The use of machine
learning models to predict LOS following total joint arthroplasty
(THA and TKA) has also been successfully described by Park et al
[27]. However, the application of such technology in everyday
practice is unclear and may be less accessible than existing, more
simplified tools.

When considering the reasons for failed SDD in primary THA or
TKA, medical-based selection tools may fail to account for social
factors such as home-to-hospital (or ASC) distance [28], patient
motivation [29,30], and home support [30]. Independent risk fac-
tors identified for failed SDD in THA include active smoker status,
case start time after 11 AM, and high self-reported pain scores [31].
Shen et al. noted logistical issues relating to timing of procedure,
pain control, and failure tomeet ambulation goals as main causes of
failed SDD in TKA [30]. Although these specific perioperative
metrics were not analyzed in this study, the current patient selec-
tion tool considers a comprehensive group of lifestyle risk factors
into its score, such as access to transportation, social support, and
compliance with home medication or treatment. It also selects
against chronic pain patients requiring narcotics and patients with
alcohol or drug abuse, as they may have less predictable pain
control postoperatively.

Recently, this current patient selection tool was retrospectively
applied to an unselected cohort of arthroplasty patients in a com-
munity hospital setting [14]. Itwas found tohave a specificity of 92%,
a sensitivity of 79%, a PPV of 86%, and an NPV of 96% for identifying
and predicting which patients could be dischargedwithin 23 hours.
This shows improved predictive utility compared to general
assessment tools currently being used such as the American Society
of Anesthesiologists phyiscal status classification and Charlson co-
morbidity index with PPV of 56.4% and 70.3%, respectively [13].
Additionally, both the PPV (81.6%) and NPV (33.5%) values for the
OARA are lower than those reported for the current selection tool,
which is publiclyavailable [14]. For predictingdischargewithin a24-
hour period, the LET-IN-OUT tool performed similarly to the current
one in regard to PPV but possessed lower specificity (82%), sensi-
tivity (54%), and NPV (54%) [26].

In our current study, this novel patient selection tool resulted in
no patients undergoing delayed ASC discharge requiring more than
a one-night stay. It was also shown to be safe with 90-day read-
missions and ED visits compared to prior literature [3,13,14,32,33].
For example, a recent systematic reviewof 19 studies including 6519
outpatient THA, TKA, and unicompartmental knee arthroplasties
reported an average 90-day readmission and reoperation rate of
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2.01% and 1.63%, respectively, with variable rates of unplanned care
episodes within the same time period (0.9%-11.4%) [3].

Our study identified independent risk factors for requiring an
overnight stay in the ASC: female patients, those undergoing THA,
and BMI >35 kg/m2. Female sex and elevated BMI are associated
with an increased LOS following inpatient THA or TKA [34-36].
Piuzzi et al. noted female sex as a risk factor requiring >1 overnight
stay after TKA in over 3000 patients across 4 different hospitals.
They found variation in the implementation of care pathways
across the hospitals, resulting in procedural-related risk factors
having more predictive utility for LOS [34]. In a retrospective re-
view of 4138 TKA patients, BMI >31 kg/m2 was associated with an
increased LOS greater than 23 hours [37]. In prior literature, THA
compared to TKA was associated with a shorter LOS in rapid re-
covery total joint arthroplasty [38]. Although case start times were
not recorded in our study and little consensus exists regarding start
time thresholds [39], it is intuitive that later start times are an
inherent risk factor for an overnight stay. In our study, THA patients
were typically scheduled later in the day per the surgeon's pref-
erence, which may have made an overnight stay more likely and
confounded this outcome.

One area of interest has been the impact of racial and socio-
economic disparity in THA and TKA utilization, LOS, discharge
disposition, and perioperative outcomes. The racial and ethnic
disparity in inpatient THA and TKA care is well documented [40-
43]. Recent studies evaluating sex and race in outpatient THA and
TKA have found that the decrease in outpatient utilization is highly
associated with comorbidity burden and preoperative baseline
differences and is not contingent on race alone [19,44]. In this
study, we failed to find race or socioeconomic status as a risk factor
for staying overnight or failing short-stay arthroplasty.

This study did have several limitations. First, it is a single-
surgeon series of only primary THA with a direct anterior
approach and TKA patients, which could lack external validity for
other procedures, techniques, perioperative protocols, and in-
stitutions. Second, this pilot study has a small sample size and is
likely underpowered to detect other significant differences such as
comorbidity burden stratification and lifestyle risk factors.
Furthermore, the effect of surgical start time was not directly
assessed as in previous studies. This may serve as a confounder
when assessing the utility between SDD and next-day discharge;
however, it seems unlikely to affect the utility of predicting suc-
cessful short-stay arthroplasty (discharge <23 hours). Lastly, so-
cioeconomic status was geographically based, which could lack
external validity for other locations and institutions. For example,
the average median income of our included cohort of patients was
$106,014, which is atypically affluent and may affect the success
rates for outpatient THA or TKA discharge.

Conclusions

We found that 100% of outpatient THA and TKA eligible patients,
as determined by the patient selection tool, were able to be dis-
charged home the same day of surgery or after a one-night stay. In
this pilot study model, this selection tool is safe and effective at
predicting successful short-stay discharge at an ASC. However,
larger-volume studies are required to validate this selection tool
and elucidate the effect of specific patient or surgeon factors on the
success of outpatient arthroplasty.
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