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Background: There has been a shift toward same-day discharge (SDD) in total joint arthroplasty (TJA) in
recent years. Our clinical standard had been next-day discharge, but the COVID pandemic led to a
hospital bed shortage, causing us to shift to SDD directly from the Post-Anesthesia Care Unit (PACU). The
aim of our project was to investigate if the SDD protocol was successful and if it changed complications
or 90-day readmission rates. Our secondary aim was to investigate if the protocol created disparities in
patient selection.
Methods: A retrospective review compared the first 100 patients intended to discharge from PACU
to the 100 patients prior to the SDD protocol undergoing elective primary TJA procedures at our aca-
demic institution from September 1, 2020, to March 23, 2021. The SDD protocol started on November
19, 2020.
Results: During this SDD period, 98% (98/100) of patients were successfully discharged from the PACU.
The 90-day readmission rate changed from 0% to 2% (P ¼ .4975), and the overall complication rate
changed from 2% to 5% (P ¼ .4448). Most complications were manipulation under anesthesia to improve
range of motion. Manipulations under anesthesia changed from 1% to 4% (P ¼ .3687).
Conclusions: The transition to same SDD in TJA at our academic institution was successfully implemented
without markedly increasing complications, readmissions, or changing patient selection. The COVID-19
pandemic likely influenced the recovery of patients before and after the protocol. Future studies are
needed to validate this data during the post-COVID era.
© 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

There has been a shift toward same-day discharge (SDD) in total
joint arthroplasty (TJA) in recent years [1,2]. Many factors have led
to this movement including preoperative optimization, rapid re-
covery pathways, and the removal of TJA from the Medicare
inpatient-only list. Outpatient TJA has been shown to have fewer
adverse events with no increase in 30-day readmission rates
compared to inpatient TJA [3-5].

Some patients, however, are not ideal candidates for outpatient
TJA due to medical conditions requiring perioperative monitoring
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(ie, cardiopulmonary disease), social issues such as living alone or
upstairs, and patients with poor baseline physical function. Our
group has previously published on exclusion criteria for outpatient
total knee arthroplasty (TKA) including medical and psychosocial
factors [6]. Selection criteria play a critical role in upholding
rigorous standards for patient safety in outpatient TJA. However, it
is imperative to ensure that these criteria do not incorporate any
implicit bias.

A recent national study found notable disparities in the utili-
zation of outpatient TJA between different racial groups, with black
patients exhibiting lower rates compared towhite patients [7]. This
highlights the importance of addressing potential systemic barriers
and ensuring equitable access to outpatient TJA for all patients,
irrespective of their racial or ethnic background.

The previous standard at our academic institution was next-day
discharge for elective TJA, which was successful for 96% of patients
[8]. Recently, the COVID-19 pandemic created a shortage of hospital
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beds and an aversion to admitting otherwise healthy patients to
avoid viral exposure. This limited bed availability and recent liter-
ature demonstrating its safety led our group to consider all TJA
patients for SDD and to discharge them home directly from the
Post-Anesthesia Care Unit (PACU).

This study was conducted at a large tertiary academic medical
center. To our knowledge, only one other large tertiary academic
medical center has published the results of an outpatient TJA pro-
gram [3]. Most of the literature about outpatient arthroplasty
programs has been described at ambulatory surgery centers or
orthopaedic hospitals, where greater resources allow for coordi-
nated program implementation [9].

We hypothesized that the protocol would be successfully
implemented without increasing complications or 90-day read-
mission rates. Secondarily, we hypothesized that the protocol
created disparities in patient selection.

Material and methods

Study design

This study design was a retrospective cohort review that
compared the first 100 patients intended to discharge from PACU
after the protocol to the 100 patients prior to the protocol. In each
group, the sample size is a convenience sample instead of one
constructed from a power analysis. These patients all underwent
elective primary TJA procedures at our academic institution from
September 1, 2020, to March 23, 2021. The SDD protocol started on
November 19, 2020. The study was approved by our institution’s
Institutional Review Board. Patient data was collected from the
electronic medical record.

Patients undergoing primary TJA of the knee or hip, Current
Procedural Terminology 27,447 and 27,130, respectively, were
included. Exclusions were patients under 18 years of age, patients
with linked hardware removal and conversion surgery, patients
with International Classification of Diseasese diagnosis of acute
femoral neck or acetabular fracture, septic joint or septic arthritis,
and patients with a planned admission during the protocol period.

We collected baseline patient demographics, including age,
body mass index (BMI), American Society of Anesthesiologists
(ASA) scores, Elixhauser comorbidity index, and patient address.
We also obtained length of stay (LOS), PACU LOS, 90-day read-
mission, diagnosis/Current Procedural Terminology code, and pro-
cedures performed.

Patient addresses were used to calculate the area deprivation
index (ADI). The higher the ADI, the more deprived the area. ADIs
are broken down by national percentile and state decile. ADIs were
calculated using the Neighborhood Atlas webpage by the University
of WisconsineMadison and validated by multiple studies [10].

Continuous patient characteristics (age, BMI, Elixhauser co-
morbidity index) were summarized by SDD group (before vs after
SDD implementation) as means and standard deviations (SDs) and
compared for differences between groups using Wilcoxon’s rank-
sum test. LOS and PACU LOS were summarized and analyzed in
the same way. Because only 4 patients (2.0%) and 5 patients (2.5%)
had ASA scores of 1 and 4, respectively, we dichotomized ASA
scores as 1 or 2 vs 3 or 4. Dichotomized ASA scores, 90-day read-
mission rates, overall complications, and manipulations under
anesthesia (MUAs) were summarized as numbers and percentages
and compared for group differences with Fisher’s exact test.

Same calendar-day discharge protocol

Specific details regarding our general anesthesia protocol; pri-
mary total hip arthroplasty (THA) and TKA protocols such as
preoperative optimization, intraoperative techniques, and post-
operative protocols; and physical therapy (PT) protocols can be
found in our previous studies [8].

Patient selection

Preoperatively, we assessed the patient’s willingness and can-
didacy for outpatient TJA. Our group has also published on medical
and psychosocial exclusion criteria factors, such as congestive heart
failure, end stage renal disease, BMI > 35, age > 70, lives alone,
weak social support, lack of transportation, history of smoking,
chronic narcotic use, etc. [6] Although our group has published
these guidelines, strict adherence to these criteria or a calculator
such as the Outpatient Arthroplasty Risk Assessment was not per-
formed [11]. We previously performed a systematic review of many
of the TJA risk stratification tools and found that they are neither
fully comprehensive nor universally applicable in all instances [12].
The decision for outpatient TJA was ultimately based on the oper-
ating surgeon’s clinical discretion and patient willingness based on
preoperative discussion of expectations. Patients understood that if
they did not have a same-day TJA, their surgery would be delayed
until the hospital census improved and/or COVID conditions
relaxed.

To evaluate changes in patient selection under this protocol, we
compared demographic factors between the pre- and post-
outpatient groups, including age, gender, race, BMI, Elixhauser co-
morbidity index, ASA scores, as well as national and state ADI
scores. Although ASA scores and Elixhauser comorbidity index are
not specifically in the selection criteria, there is overlap between
these scores and the conditions in the criteria that could have
tended to exclude higher-scoring patients after the transition to
SDD. Similarly, although the geographic location where one lives is
not an exclusion criterion, a change in the protocol could have
tended to exclude patients that live in more deprived geographic
areas through lack of transportation or immediate social support at
home, thereby leading to a lowering of ADI scores after the pro-
tocol’s implementation [6].

Additions to established protocols

Preoperatively, the patients received a single-shot peripheral
nerve block from the anesthesia team. TKAs routinely received
adductor canal blocks, but the blocks for THAs were variable
including pericapsular, lateral femoral cutaneous blocks or no block
at all. No patients received epidurals.

No dedicated outpatient operating rooms (ORs), recovery
rooms, or staffing were provided. All the surgeries in this series
were performed in traditional inpatient ORs. Intraoperatively, all
patients underwent general anesthesia, as previously described [8].
Patients were transferred to the PACU in standard fashion. The
changes in PACU were that patients worked with PT in a side hall to
mobilize and assess safety with transfers, received durable medical
equipment, received a second dose of intravenous cephalosporin,
and cleared our discharge criteria. These changes and the dis-
charges were overseen by our Advanced Practice Registered Nurse.
The discharge criteria include that the patient remained hemody-
namically stable during mobilization after surgery, tolerated oral
fluids, had adequate pain control with oral medications, was safely
ambulated with PT, and had a combined sign-off with the surgical
team and anesthesia provider [6].

Otherwise, our group maintained typical follow-up without
extra patient phone calls or assignment to a care coordinator. We
maintained our system to address patient questions via our “after-
hours” telephone line, which is staffed by the surgeons and mid-
level team members that we have previously described [13].



Table 1
Patient characteristics.

Patient characteristic Before
(n ¼ 100)

After
(n ¼ 100)

P-valuea

Age (y) .29
mean (SD) 64.6 (11.0) 62.4 (13.0)

Gender, percent (N) .20b

Female 60% (60) 50% (50)
Male 40% (40) 50% (50)

Race, percent (N) .11b

Black 25% (25) 14% (14)
White 73% (73) 82% (82)
Other 2% (2) 4% (4)

BMI (kg/m2) .84
mean (SD) 29.7 (5.9) 30.1 (5.5)

Elixhauser comorbidity index, .63
mean (SD) 2.0 (6.8) 1.7 (6.9)

ASA Score, percent (N) .09b

ASA 1 or 2 50% (50) 63% (63)
ASA 3 or 4 50% (50) 37% (37)

Arkansas State ADI score (decile) .46
mean (SD) 3.8 (3.0) 4.1 (2.9)

National ADI score (percentile) .66
mean (SD) 59.8 (26.1) 61.5 (25.6)

ADI, area deprivation index.
a P-values are from Wilcoxon’s rank-sum test.
b Fisher’s exact test.
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Exclusions

During the SDD period, 6 patients were scheduled to stay
overnight and were excluded from the analysis. Two of the six
patients had a history of sickle cell disease and had a planned
overnight stay to monitor for sickle cell disease pain crisis precip-
itation at the recommendation of each of the patients’ hematolo-
gists. The third patient had a planned overnight stay for a history of
malignant hyperthermia and an aortic aneurysm. The fourth pa-
tient had a planned overnight stay due to her age (95 years old)
with poor social support at home. The fifth patient underwent a
planned overnight stay to work specifically with inpatient PT at
their gym to clear her 8 stairs to get into the home. The sixth patient
was an inmate and underwent a planned overnight stay with lab
monitoring prior to discharging back to prison per the correctional
facility’s established policies.

Results

Patient selection

When comparing the patients before and after the SDD protocol
was implemented, the average age changed from 64.6 to 62.4 years
old (P ¼ .29). Average BMI changed from 29.7 to 30.1 kg/m2 (P ¼
.84). The average Elixhauser comorbidity index changed from 2.0 to
1.7 (P ¼ .63). The percentage of black patients changed from 25% to
14% (P ¼ .11). The percentage of females changed from 60% to 50%
(P ¼ .20). The number of patients with an ASA of 3 or 4 decreased
from 50% to 37% (P ¼ .09). No significant differences were noted in
state or national ADI (P ¼ .46 and P ¼ .66) (Table 1).

Failure to launch patients

During the SDD period, 98% of patients were successfully dis-
charged from the PACU. Prior to the protocol, all 100 patients stayed
at least one night in the hospital. The 2 patients who were “failures
to launch” and underwent an unplanned overnight observation
were both discharged the following morning. The first patient was
oversedated, slow to wake up in the PACU, and was not able to clear
PT. The patient subsequently cleared PT the next morning and was
able to safely discharge home. The second patient had an episode of
supraventricular tachycardia with right bundle branch block and
hypoxia in PACU. The supraventricular tachycardia did not respond
to initial vagal maneuvers; cardiology was consulted, and the pa-
tient was observed overnight. The patient was then discharged the
subsequent morning with a beta blocker and a 14-day monitor as
an outpatient, per the cardiology team’s recommendations.

Readmissions and complications

The 90-day readmission rate changed from 0% to 2% (P ¼ .50) in
the SDD group.

The first readmission after the protocol was implemented was
for intractable hematemesis after Duracef was started 2 weeks
postoperatively for a superficial wound reaction about the TKA
incision. The second readmission in the SDD group was for recur-
rent THA instability requiring an unplanned return to the OR for
revision THA.

The overall complication rate changed from 2% to 5% (P ¼ .44)
after the change to SDD. Prior to the SDD protocol, 2 patients
experienced a complication: one TKA patient required aMUA, and a
second THA patient underwent outpatient irrigation and debride-
ment for superficial dehiscence that did not track deep to the fascia.
The 5 complications after the protocol were 4 TKA patients who
requiredMUA and a THA patient requiring outpatient irrigation and
debridement for superficial dehiscence that did not track deep to
the fascia. Overall, patients requiring aMUA changed from 1% to 4%.
(P¼ .37). Criteria for MUAwere <90 degrees of flexion by 4-6 weeks
postoperative visit. (Table 2) Prior to the protocol, one patient
required a MUA. This patient had chronic pain preoperatively and
cited COVID closures for why the patient was unable to go to many
PT sessions postoperatively. After the protocol, 4 patients required a
MUA. The first patient cited poor pain control with PT. The second
patient cited poor driving conditions and icy weather as reasons
why the patient did not complete the requisite PT. The third patient
with a history of congestive heart failure and elevated BMI had
significant swelling and pain postoperatively that limited
improvement with PT. The fourth patient had a preoperative knee
flexion contracture with a remote history of tibial osteomyelitis.
Two of the 4 surgeons accounted for all the MUAs with one surgeon
accounting for 4 of the 5.

PACU LOS

PACU LOS group means (SDs) were 116 (54) minutes before SDD
was implemented, vs 165 (63) minutes after it was implemented (P
< .0001).

Discussion

The transition to same calendar day discharge from PACU in TJA
was successfully implemented at our academic institution, and
although we did not find a statistically significant increase in
complications, 90-day readmission rates, or disparities in patient
selection, there were a few concerning trends.

After the protocol, 90-day readmission rate changed from 0% to
2%, and the overall complication rate changed from 2% to 5%, but
neither were statistically significant. These numbers are slightly
higher than the readmission rate and complication rate described
by Hoffman et al. in the systematic review of outpatients, where the
readmissions were 0.89% and complications were 1.29% [9]. MUAs
made up most of our complications, which changed from 1% to 4%
but was not statistically significant. While the Hoffman systematic
review showed a mere 0.5% of outpatient arthroplasty patients
required an MUA out of 1009 cases, a larger national study with



Table 2
Manipulation under anesthesia (MUA).

Patient Time of MUA
(days PO)

Preoperative ROM
(prior to TKA)

ROM day of
MUA

Intraoperative
ROM after MUA

6 wk PO ROM Final ROM

A 49 �5 to 110 10-65 5-120 20-85 Lost to f/u after 6 wks
B 54 0-140 2-90 0-120 3-130 10 mos 0-130
C 42 0-100 5-45 2-115 n/a Lost to f/u
D 45 10-80 0-80 0-115 3-110 at 2wk 0-125 at 3 mos
E 36 15-90 0-82 0-110 0-120 at 2wk 0-120 at 1 y

PO, post operative; ROM, range of motion.

C.G. Mathews et al. / Arthroplasty Today 27 (2024) 1013544
141,000 patients in the PearlDiver database revealed rates of up to
4.3% for MUA in unilateral TKAs [9,14]. The reasons for the increase
in MUAs in our patients are difficult to ascertain with a smaller
sample size and are likely multifactorial. Two of these patients
started with limited preoperative range of motion (ROM), 10-80
and 15-90, which may bias the results. The COVID-19 pandemic
likely influenced the recovery of all our patients before and after
the protocol. The COVID-19 pandemic started in March 2020. In the
patient sample prior to the protocol, the first surgery was per-
formed in November 2020. Although COVID did not affect the fact
that these patients were staying overnight prior to the SDD pro-
tocol, COVID likely affected the postoperative course. In fact, the
one patient requiring an MUA prior to the protocol cited COVID
closures of PT as a contributing factor. COVID closures were not
documented as reasons for the other patients undergoing MUA, but
they may have been an implicit contributing variable. Stricter
adherence to our exclusion criteria could potentially have
decreased the MUAs, with 4 of the 5 patients requiring a MUA
having a BMI > 35, but only one had a BMI > 37.

Patient selection did not significantly change based on proxies
including BMI, age, Elixhauser comorbidity index, ASA score, or
state and national ADI scores. Although not statistically significant,
our data did show a trend toward younger age and a lower Elix-
hauser comorbidity index. This trend is in line with a recent na-
tional study of the PearlDiver database of 1.75 million TKA and
THAs, with 2.9% TKA and 2.2% THA SDDs, which showed that pa-
tients undergoing SDD were younger with fewer comorbidities
[15]. In our study, although the change in black patients, from 25%
to 14%, was not statistically significant, it is a concerning trend in
light of the recent national study showing that black patients are
less likely to utilize outpatient TJA [7]. These trends are likely
multifaceted and may stem more from inequities in access to care
including sociodemographic barriers and support networks not
adequately captured in our data than underlying comorbidities. If
we had a larger sample size, we may have found similar results to
these national studies.

We observed a higher rate of discharge on the day of surgery
(98%) compared to what was documented in a preceding study at a
large tertiary academic medical center (79%) without major
changes to our selection criteria [3]. Our discharge rate was similar
to a systematic review by Hoffman et al., which had a cumulative
discharge rate of 94.5% for a total of 1009 patients, but most in this
review were outpatient surgical facilities or orthopaedic hospitals
[9]. Our previous standard of next-day discharge for 96% of patients
was certainly a great foundation to build on [8]. During that period,
PT would see the patient on the floor the afternoon of surgery and
routinely have everything arranged for the patient to discharge the
next morning. Adapting these responsibilities to the PACU for SDD
was a relatively smooth transition, as we utilized our orthopaedic
advanced practitioner to coordinate recovery education and
streamline therapy, which proved less challenging than some
anticipated.

PACU LOS only increased 49 minutes after the SDD protocol.
PACU LOS before and after SDD were less than that of another
academic center implementing a similar SDD, where the average
LOS was 351 minutes for outpatients and 236 minutes for in-
patients [3]. Our PACU LOS was more in line with PACU LOS in
ambulatory surgery centers [3]. The time increase in our patients
was likely due to patients working with PT, receiving DME,
receiving outpatient meds, discharge instructions from nurses and
midlevel providers, and discharge orders being implemented. It
should be noted that all our patients underwent rapid-recovery
general anesthesia along with standardized regional anesthesia
before and after the protocol and did not change due to SDD. Fac-
tors that minimized the time increase likely include coordination
from the TJA floor Advanced Practice Registered Nurses, excellent
communication between PT and case managers, and potentially
COVID decreasing PACU volume of other inpatient surgeries at the
time and allowing for a higher staff-to-patient ratio in PACU.
Although the accrual was slower after the initiation of the same-
day protocol (100 patients in 2.5 months pre, 100 patients in 4.5
months post), the average number of primary TJA surgeries per day
in each group were similar and likely did not affect the ability to
participate in SDD (2.56 vs 2.22, pre vs post). The change in surgical
volume per day was due overall to decrease elective surgeries
throughout our hospital system to allow for resource utilization for
COVID care.

There are several limitations to our study. This is a retrospective
study at a single academic institution in a rural southern state
during the COVID pandemic which may mean our results are not
generalizable to other populations. There may be other factors
influencing patients’ decisions to discharge from PACU such as
COVID fear factors specific to this period. Although the readmission
numbers could have been affected by postop patients being less
likely to come to the hospital for readmission due to concerns of
COVID exposure, this was not expressed to our surgeons, and there
were not anymore stringent readmission criteria before or after the
pandemic. Nearly all primary TJAs during this period who did not
agree to SDD were delayed, which may have led to a selection bias.
We did not differentiate between THA and TKA. Wemay have failed
to capture subtle differences in demographic variables between
groups by using ASA scores and the Elixhauser comorbidity index
as proxies rather than considering individual factors. Based on data
collection and analysis, we felt these proxies would be best for this
sample size. If a larger sample size had been utilized, it is possible
that the trends observed in our data would have demonstrated a
statistically significant difference regarding complications, read-
missions, and disparities in patient selection. Furthermore, our
sample sizes were convenience samples rather than those deter-
mined from a power analysis. Future studies are needed to validate
this data during a non-COVID era to improve the external validity.

Conclusions

A large academic tertiary care hospital with several surgeons
can successfully and rapidly implement SDD TJAwithout increasing
complications or readmissions or creating disparities in patient
selection. The time increase in PACU is not burdensome. Despite the
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lack of statistically significant differences in complications, 90-day
readmission rates, or patient selection variables, we consider the
trends identified in our data to hold value for readers to consider
when transitioning to SDD at their institution.
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