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Background: New “hyperspecialty” ambulatory surgical centers (HASCs) have been introduced to deliver
safe and cost-efﬁcient care, allowing patients to spend additional nights in an extended care suite before
discharge. This study compared the 90-day complications and readmissions of total joint arthroplasty
(TJA) at an HASC and inpatient TJA at a tertiary hospital.
Methods: We retrospectively reviewed 1365 primary, unilateral, TJAs (658 total hip arthroplasty, 707
total knee arthroplasty) performed at 4 HASCs in 2017-2021. Following their outpatient procedure, patients were discharged to an extended care suite staffed full-time by nurses and physical therapists.
These patients were matched 1:1 with 1365 inpatient TJAs (628 total hip arthroplasty, 737 total knee
arthroplasty) based on demographics, joint, and American Society of Anesthesiologists (ASA) score.
Ninety-day complications and readmissions were compared.
Results: The mean age was 60.0 ± 9.8 years and 59.4 ± 8.1 years in the inpatient and outpatient groups,
respectively (P ¼ .106). There was no difference in ASA3 patients (16.4% vs 17.7%; P ¼ .387) and operative time (86.9 ± 31.8 vs 88.7 ± 27.9 minutes; P ¼ .118). Five patients (0.4%) in the outpatient group were
transferred to an acute hospital. When comparing 90-day outcomes between the inpatient and outpatient groups, there was no difference in pulmonary embolism (0.1% vs 0.0%; P ¼ .317), mechanical
complications (0.3% vs 0.7%; P ¼ .165), periprosthetic joint infections (0.5% vs 1.1%; P ¼ .092), or readmissions (1.2% vs 1.5%; P ¼ .513). A subgroup analysis of ASA3 patients yielded similar ﬁndings.
Conclusions: Patients undergoing outpatient TJA at a novel HASC had similar complication and readmission rates as those undergoing TJA at a tertiary hospital. Based on these data, such facilities seem
appropriate for the care of outpatient TJA patients with ASA<4.
© 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/).
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Introduction
The transition toward value-based health care and removal of
total joint arthroplasty (TJA) from the Medicare Inpatient-Only list
has spurred the growth of outpatient TJA [1]. This paradigm shift
has been enabled by recent advances in surgical techniques,
multimodal analgesia regimens, and perioperative protocols [2,3].
It is currently estimated that at least half of all TJA procedures will
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be performed in Ambulatory Surgery Centers (ASCs) on an outpatient basis by the year 2026 [4e6].
Traditional ASCs encompass either multispecialty or singlespecialty (eg, only orthopaedics) surgery, with postdischarge care
occurring in the home environment. A new development in the
ﬁeld of outpatient TJA is the emergence of “hyperspecialty” ASCs
(HASCs) [7], which focuses only on total hip arthroplasty (THA) and
total knee arthroplasty (TKA). In this model, patients are not discharged from the ASC to home, rather to an adjacent extended care
facility containing suites in which the patient stays for 2 nights
while being supported by nurse practitioners and physical therapists. Other elements of this model include an expanded patient
engagement program (starting when the patient schedules the
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surgery until 1-year postoperatively), standardized business
operations and facility designs to improve efﬁciencies, and
evidence-based protocol-driven care pathways to optimize clinical
outcomes. Ultimately, it is hoped that these features will lead to
favorable outcomes at a predictable and lower cost, in an environment that enhances the patient experience. While there is a
growing body of literature reporting the outcomes of outpatient
TJA performed at hospital-owned outpatient departments and
traditional ASCs [8e14], no studies have investigated the safety of
outpatient TJA performed at HASCs.
The purpose of this study was to compare the 90-day safety
outcomes and resource utilization in patients undergoing outpatient TJA at an HASC as compared to those undergoing inpatient TJA
at a tertiary hospital. We hypothesized that modern perioperative
protocols implemented at the HASC would enable outpatient TJA to
be performed as safely as inpatient TJA performed at a standard
tertiary hospital.

length of stay is 1 to 2 nights, although they are allowed to leave the
suites at any time as they would have already met criteria for ASC
discharge prior to checking in at the suites. Patients are educated on
the beneﬁt and value of staying in the suites, which plays an integral component in being successful in the outpatient total joint
program. As such, while this stay was offered and not required, in
this study, all patients chose to continue their planned stay in the
suites following same-day discharge from the ASC. No patients
were discharged home immediately after the procedure. These
suites are modeled after luxury hotel rooms and staffed full-time by
nurses and physical therapists. In these “Stay Suites,” patients are
guided to meet daily recovery milestones that have been clearly
outlined preoperatively by the NN. Extensive education for the
patient and caregiver(s) is provided prior to home discharge. The
patient-navigator partnership (including daily phones and 24-hour
access to the NN) extends to 1-year postoperatively, thus ensuring
accessible and continuous self-care and education for patients.

Material and Methods

Outcome variables

Patient cohort

Patient demographics, comorbidities, and operative details were
compared between the groups. Operative efﬁciency metrics such as
operative time and total operating room (OR) duration were
recorded. Safety outcomes including patient transfers from the
HASC to an acute hospital, major complications within 90 days, and
readmissions within 90 days were routinely captured and stored in
an institutional database. Resource utilization was assessed using
suite length of stay (for the HASC group) and hospital length of stay
(for the inpatient group), as well as discharge disposition (home,
skilled nursing facility, or inpatient rehabilitation). The aforementioned outcome variables were prospectively tracked by a team of
orthopaedic NNs throughout the 90-day period [15], allowing us to
identify patients who presented at a different facility among the
afﬁliated health systems, thus maximizing capture rate.

This retrospective, propensity-matched, cohort study was
approved by an institutional review board. A total of 1365
consecutive primary, unilateral TJAs (658 THA, 707 TKA) were
performed at 1 of 4 HASCs between April 2017 and January 2021.
Patients in the HASC group underwent propensity score matching
(PSM) in a 1:1 ratio with 1365 patients who underwent primary,
unilateral TJAs (628 THA, 737 TKA) at a tertiary level one academic
center during the same period (“inpatient group”). Matching was
based on age, sex, body mass index (BMI), joint, and American
Society of Anesthesiologists (ASA) score. Exclusion criteria were
revision surgery, simultaneous bilateral procedures, and primary
TJA for tumor or fracture indications. Patients were able to choose
where they felt most comfortable for surgery as both the HASC and
inpatient facilities accepted commercial insurance during the study
period. Patients with ASA 4, coagulation disorders, severe cardiorespiratory disease, or cardiac stenting within 2 years were deemed
unsuitable to undergo surgery at the HASC. All patients completed
90-day follow-up. The mean age was 68.2 ± 12.2 years, and 39.3%
were female.
HASC model
The key elements of this value-based surgical care program are
fourfold. First, there is a comprehensive patient engagement program, which is initiated by a nurse navigator (NN) as soon as the
patient schedules for surgery. The role of the NN is to educate the
patient about the facility and the program, as well as to provide
guidance throughout the entire care process, extending until a year
after surgery. Second, evidence-based protocol-driven integrated
and individualized care pathways are crafted by the NN to help
each patient meet their unique recovery goals, with emphasis
placed on patient optimization. These protocols continue through
the surgery and the ﬁrst 2 postoperative days to create a safe and
pleasant episode of care. Third, the HASC facility is designed with
joint replacement needs speciﬁcally in mind. In the recovery area
immediately after the TJA procedure, patients are guided to meet
established milestones, typical of an ASC, that would qualify them
to be discharged home. Discharge criteria from the ASC included
the ability to ambulate 100 feet in the postoperative anesthesia care
unit, tolerate food and water, and void without difﬁculty and pain
and nausea should be well controlled. The next step represents an
important difference from a standard ASC: all patients are offered
discharge to an adjacent extended care suite where the planned

Statistical analyses
A power analysis was performed. To determine a 2.5% difference
in 90-day complication rates between the 2 groups, a sample size of
1230 patients per group would be necessary to ensure 80% power at
an alpha of 0.05. The 2 groups were matched for age, sex, BMI, joint
and ASA score using PSM [16]. Nearest-neighbor matching was
used. A standardized mean difference (SMD) for each covariate was
examined, with an SMD of 10% considered to be suggestive of covariate balance. Patient characteristics and outcome variables were
compared between the groups using independent samples t-tests
or Mann-Whitney U tests for continuous variables, depending on
normality as determined by Kolmogorov-Smirnov testing.
Chi-square tests were used for categorical variables. Statistical analyses were performed using SPSS 20.0 (SPSS Inc., Chicago, IL)
software package. A P-value of < .05 was used to deﬁne statistical
signiﬁcance.
Results
A total of 1365 HASC TJAs were matched with 1365 inpatient
TJAs from the tertiary center using 1:1 PSM. There was no difference in age, sex, BMI, ASA, or diabetic status between the groups
(Table 1). The quality of PSM was considered balanced as the SMDs
for each covariate did not exceed 10% (Supplementary Fig. 1). The
mean age was 59.4 ± 8.1 years in the outpatient group and 60.0 ±
9.8 years in the inpatient group (P ¼ .106). The proportion of
patients with BMI 35 (19.7% vs 21.7%; P ¼ .202), BMI 40 (5.9% vs
4.9%; P ¼ .237), ASA 3 (17.7% vs 16.4%; P ¼ .387), or diabetes
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Table 1
Demographics and comorbidities of the cohort (n ¼ 2730).

Table 3
Perioperative complications (n ¼ 2730).

Variable

Inpatient TJA (n ¼ 1365)

Outpatient TJA (n ¼ 1365)

P-value

Age
Sex
Female
Male
BMI (kg/m2)
<35
35
ASA class
<3
3
Diabetes
Joint
THA
TKA

60.0 ± 9.8 (19-87)

59.4 ± 8.1 (25-87)

.106
.908

740
625
30.7 ± 5.5
1069
296
2.1 ± 0.5
1141
224
113

737
628
30.4 ± 5.8
1096
269
2.1 ± 0.5
1124
241
138

(54.2%)
(45.8%)
(15-58)
(78.3%)
(21.7%)
(1-3)
(83.6%)
(16.4%)
(8.3%)

628 (46.0%)
737 (54.0%)

(54.0%)
(46.0%)
(17-53)
(80.3%)
(19.7%)
(1-3)
(82.3%)
(17.7%)
(10.1%)

.155
.202
.905
.387
.112
.250

658 (48.2%)
707 (51.8%)

TJA, total joint arthroplasty; BMI, body mass index; ASA, American Society of Anesthesiologists; THA, total hip arthroplasty; TKA, total knee arthroplasty.
Data presented as mean ± standard deviation (range) or cell count (%).

(10.1% vs 8.3%; P ¼ .112) also did not differ between the inpatient
and HASC groups, respectively.
Mean operative time (P ¼ .118) and total OR duration (P ¼ .340)
were similar between the groups (Table 2). Mean length of stay in
the extended care suites for the HASC group was clinically similar,
although statistically different, to the mean hospitalization stay for
the inpatient group (1.8 ± 0.3 days vs 2.1 ± 2.0 days, respectively; P
< .001), and a higher percentage of patients were discharged to
home (100% vs 98.3%; P < .001). A higher percentage of patients
stayed for 2 days or less in the HASC group compared to the
inpatient group (95.6% vs 59.6%; P < .001).
Five patients (0.4%) in the HASC group were transferred to a
larger hospital for postoperative care. Two patients were transferred due to postoperative hip dislocation in the postoperative
anesthesia care unit. One patient had a posterior THA and required
a revision THA for the acute dislocation, while the other had
anterior THA and underwent close reduction. One patient was
transferred for acute respiratory distress. Two patients had possible
cardiac events that lead to transfer: 1 patient had chest pain (ultimately due to gastroesophageal reﬂux) and another patient had
transient ST depressions on the postoperative ECG (but ultimately
did not require any coronary intervention).
When comparing 90-day complications between the HASC and
inpatient groups, there was no difference in mechanical complications including periprosthetic fractures, stiffness requiring
manipulation and dislocations (0.6% vs 0.3%; P ¼ .387), venous
thromboembolism (0.0% vs 0.1%; P ¼ 1.000), or periprosthetic joint
infection (0.2% vs 0.5%; P ¼ .343) (Table 3). Similarly, there was no
Table 2
Operative efﬁciency and resource utilization (n ¼ 2730).
Variable

Inpatient TJA
(n ¼ 1365)

Outpatient TJA
(n ¼ 1365)

Operative time (mins)
Total OR duration (mins)
Transfers to acute hospital
Length of stay in
hospital/suites (d)
2
>2
Discharge disposition
Home
Skilled nursing facility
Inpatient rehab
Readmissions within 90 days

86.9 ± 31.8
127.1 ± 38.5
e
2.1 ± 2.0

88.7 ± 27.9
125.8 ± 31.7
5 (0.4%)
1.8 ± 0.3

808 (59.2%)
557 (40.8%)

1300 (95.6%)
60 (4.4%)

P-value
.118
.340
e
<.001
<.001
<.001

1342
20
3
17

(98.3%)
(1.5%)
(0.2%)
(1.2%)

1365
0
0
21

3

(100%)
(0%)
(0%)
(1.5%)

TJA, total joint arthroplasty; OR, operating room.
Data presented as mean (standard deviation) or cell count (%).
Bold values indicate statistical signiﬁcance (P < .05).

.513

Variable

Inpatient TJA
(n ¼ 1365)

Outpatient TJA
(n ¼ 1365)

Mechanical complication
Periprosthetic fracture
Stiffness
Dislocation
Venous thromboembolism
Periprosthetic joint infection
All-cause mortality

4
3
0
1
1
7
0

8
3
3
2
0
3
0

(0.3%)
(0.2%)
(0%)
(0.1%)
(0.1%)
(0.5%)
(0%)

(0.6%)
(0.2%)
(0.2%)
(0.1%)
(0%)
(0.2%)
(0%)

P-value
.387

1.000
.343
1.000

TJA, total joint arthroplasty.
Data presented as cell count (%).

difference in 90-day readmission rates between the inpatient and
HASC groups (1.5% vs 1.2%; P ¼ .513). A subgroup analysis of patients
with ASA 3 yielded similar ﬁndings (Table 4). No perioperative
mortality occurred in this study.
Discussion
The incidence of outpatient TJA is expected to increase [4e6].
Recent literature has focused on ASCs as a viable alternative to
traditional hospital outpatient models [17], although research remains relatively sparse. One novel development in the ﬁeld has
been the introduction of HASCs [7]. While these centers are purported to be safe and efﬁcient settings for joint replacement surgery, no studies have evaluated the perioperative outcomes and
resource utilization of outpatient TJA in this new model of care. The
major ﬁnding of our study is that matched patients undergoing
outpatient TJA at a novel HASC had similar complication and
readmission rates as those undergoing inpatient TJA. Further, we
found that patients treated in this novel ASC environment were
more likely to be discharged directly home after surgery.
Multiple studies investigating the safety of outpatient THA and
TKA have reported comparably low complication and readmission
rates [2,18e21]. While several systematic reviews have concluded
that outpatient TJA can be performed safely in select patients
[3,22], it is important to note that the majority of studies were
performed in hospital outpatient departments, which have inpatient observation units for ambulatory patients, 24/7 emergent
care, as well as access to other medical specialty services. Attention has now shifted to TJA performed at freestanding ASCs as a
safe and viable alternative to inpatient TJA or outpatient TJA at
hospital outpatient departments [8e14,23e25]. This trend has
accelerated with the advent of value-based reform and bundled
payment models [26,27], and over 200 ASCs in 2017 were reported to be performing outpatient arthroplasty compared to 25
in 2014 [28]. While several noncomparative studies of freestanding ASCs have been published [8e12,14], very few studies
have compared the results of outpatient TJA at these centers and
inpatient TJA at traditional hospitals [13,23e25], and most were
limited to administrative claims data [13,23]. Using the Truven
MarketScan database, Kimball et al. compared a group of 863
outpatient TKAs with a matched group of 863 inpatient TKAs,
noting that the outpatient group had a similar rate of major
complications but a signiﬁcantly lower rate of minor complications (2.8% vs 5.8%) and a trend toward lower 90-day readmissions
(5.1% vs 7.3%) [23]. However, the authors included a heterogenous
cohort of TKA performed at an ASC or outpatient hospital for
analysis. Carey et al. analyzed the same database using a riskadjusted matched cohort of near-elderly (age 55 to 64 years) inpatients and ASC patients, concluding that both THA and TKA
patients had lower 90-day readmission rates, while postsurgical
complications were similar for TKA patients and lower for THA
ASC patients [13]. To our knowledge, the present study is 1 of the
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Table 4
Ninety-day complications and readmissions in patients with ASA 3 (n ¼ 465).
Variable

Inpatient TJA
(n ¼ 224)

Outpatient TJA
(n ¼ 241)

P-value

Mechanical complication
Venous thromboembolism
Periprosthetic joint infection
Readmissions
All-cause mortality

1
0
1
5
0

1
0
3
9
0

1.000
1.000
.352
.421
1.000

(0.4%)
(0%)
(0.5%)
(2.2%)
(0%)

(0.4%)
(0%)
(0.2%)
(3.7%)
(0%)

ASA, American Society of Anesthesiologists class; TJA, total joint arthroplasty.
Data presented as cell count (%).

largest comparing the outcomes of matched patients undergoing
TJA performed at a freestanding ASC or tertiary hospital. Consistent with earlier ﬁndings, we did not observe any difference in 90day complication or readmission rates between the groups.
Although 5 patients required transfer to an acute hospital, no
patients suffered any major medical complications and no perioperative mortality occurred. ASCs often have limited resources to
diagnose and treat medical complications if a patient’s condition
deteriorates in the perioperative period [5]. This not only requires
careful selection of patients but also necessitates evidence-based
perioperative protocols and close monitoring by multidisciplinary
teams. When taken together with the published data, the current
ﬁndings lend support to the overall safety of outpatient TJA at
freestanding ASCs.
Another important ﬁnding was that a substantial proportion of
patients (18%) who underwent TJA at the HASC had an ASA class of 3,
which was high compared to most other ambulatory TJA practices
[9,29]. Indeed, Kingery et al. noted that only 35.7% of ASA 3 patients
were in fact eligible for surgery at a freestanding ASC [30]. In our
subgroup analysis of ASA 3 patients, no increased incidence of
complications or readmissions was observed in the outpatient
group. These ﬁndings not only reiterate the safety of outpatient TJA
at freestanding ASCs but also suggest that a subset of ASA 3 patients
should not be deemed ineligible for surgery in the ambulatory
setting. ASA 3 has traditionally been associated with a higher incidence of readmissions following ambulatory surgery [31,32], which
in turn increases the episode of care costs and disincentivizes these
centers from offering surgery to these patients. In traditional fee-forservice practices, only low-acuity patients would be offered the
chance to undergo joint replacement surgery at ASCs and would
typically spend 2-6 hours recovering at the facility before being
discharged home [5]. This truncated recovery period often requires
precise perioperative pathways to facilitate safe and prompt
discharge to home within the allotted time. Notwithstanding, there
are still several predictable events that could occur in the perioperative period which can predispose to delayed discharge [33].
HASCs are designed to handle routine as well as complex joint
procedures, allowing patients who are not ready to return home to
stay in extended care suites for close monitoring and postdischarge
education by nurses and physical therapists [34e36]. While careful
patient selection could account for the comparable 90-day outcomes
for the entire HASC cohort, it is also possible that the integrated care
pathway and education-focused recovery suites as part of the HASC
model could have mitigated the increased risk for complex patients
undergoing TJA in the ambulatory setting, highlighting the success
of this new model of care delivery.
One important consideration of outpatient TJA is the degree of
resource utilization since this inﬂuences the overall cost of care
and the value created by freestanding ASCs. Due to the limitations of existing administrative database studies [13,23], very few
studies to our knowledge have analyzed these metrics in comparison to traditional hospitals. In a recent study on 281 THAs
and 242 TKAs performed at an ASC, Yang et al. found that the

rates of readmission, emergency room visits, and unplanned ofﬁce visits were lower in the outpatient group, although this did
not reach signiﬁcance due to the small sample size studied [25].
In addition to comparable readmission rates, the present study
found that the length of stay in the recovery suites was signiﬁcantly lower than the hospitalization stay in the inpatient group,
and there was a 10-fold decrease in the number of patients who
stayed beyond the planned two-night stay in the recovery suites
compared to the number who stayed for more than 2 nights in
the hospital (4% vs 41%). All outpatients were discharged to home
after their stay in the extended care suits, whereas 1.7% of inpatients required additional care at inpatient rehabilitation and
skilled nursing facilities. Overall, it is possible that the sound
surgical technique, evidence-based anesthetic and perioperative
protocols [37], early ambulation with physical therapy guidance
[38], extended recovery time in the care suites, and close followup by NNs [35,36] as part of the HASC model could have led to a
shorter length of stay while maintaining comparable 90-day
complication and readmission rates.
There are several limitations. First, this was a retrospective review of prospectively collected data. Second, patients in the
outpatient and inpatient group were subjected to different
selection criteria, thus introducing selection bias. We did not have
information on the exact payer mix within the inpatient group. As it
is likely that the rate of commercially insured patients was higher at
the HASC, this could be an additional source of selection bias.
Moreover, while we utilized PSM to ensure baseline comparability
between the groups, it is still possible that other unmeasured variables such as surgeon, socioeconomic status, and social support
could have confounded the ﬁndings. Third, this study was conducted at a large private academic practice with 29 ofﬁces in the
northeast region and an annual volume of approximately 17,000
joint replacements per year. As such, while a higher operational
efﬁciency is one oft-cited advantage of ASCs compared to tertiary
hospitals, it is possible that the similar evidence-based perioperative pathways implemented at the 2 surgical sites (ie, the HASC and
tertiary hospital) could have led to the comparable surgical and OR
times seen in this study. This ﬁnding may not be generalizable to
other lower volume institutions. Fourth, we did not perform a
comparison between the outcomes of TJA at an HASC and same-day
discharge TJA; hence, the advantages of this new model of care over
conventional outpatient TJA remain unknown, and further studies
are needed to evaluate the cost-effectiveness of this new model of
care. Nonetheless, the main purpose of this study was to compare
the 90-day safety outcomes of outpatient TJA at HASCs with that of
inpatient TJA at a tertiary hospital, given that no studies have
described this before. In addition, we included patients who had
surgery at 4 HASCs; hence, it is possible that some degree of heterogeneity could have been introduced. Furthermore, there are
currently 10 of these ASCs that have been awarded the Advanced
Certiﬁcation for Total Hip and Knee Replacement from the Total
Joint Commission [39]; hence, it remains uncertain whether the
current ﬁndings can be generalized to other HASCs. An ongoing
investigation of the safety and outcomes of this new model of care
delivery should be conducted.
Conclusion
Patients who underwent outpatient TJA at a novel HASC had
similar complication and readmission rates as those undergoing
TJA at a tertiary hospital, but length of stay was lower. As the trend
toward outpatient arthroplasty continues, it is imperative that the
orthopaedic community continues to evaluate the safety and efﬁcacy of HASCs to determine if this new model of care delivery
should be further expanded.
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Appendix

Supplementary Figure 1. Standardized mean differences (SMD) for each variable before and after propensity score matching (PSM).

