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Background: The purpose of this study was to investigate the safety of outpatient and inpatient total
shoulder arthroplasty (TSA) and to investigate changes over time.
Methods: Patients undergoing primary TSA during 2006-2019 as part of the American College of Sur-
geons National Surgical Quality Improvement Program were identified. Patients were divided into an
early cohort (2006-2016, 12,401 patients) and a late cohort (2017-2019, 12,845 patients). Outpatient
procedures were defined as those discharged on the day of surgery. Patient comorbidities and rate of
adverse events within 30 days postoperatively were compared with adjustment for baseline charac-
teristics using standard multivariate regression.
Results: There was a significant reduction in complications over time when considering all cases (5.69%
in the early cohort vs. 3.67% in the late cohort, adjusted relative risk [RR] ¼ 0.65, 95% confidence interval
[CI] ¼ 0.58-0.73, P < .001). The rate of complications decreased over time among inpatients (5.80% vs.
3.90%, adjusted RR ¼ 0.68, 95% CI ¼ 0.60-0.76, P < .001). However, there was no difference in the rate of
complications among outpatients over time (1.98% vs. 1.38%, adjusted RR ¼ 0.64, 95% CI ¼ 0.28-1.47,
P ¼ .293). There were significantly more complications among inpatients vs. outpatients in both the early
and late cohorts (early: 5.80% vs. 1.98%, adjusted RR ¼ 2.57, 95% CI ¼ 1.24-5.34, P ¼ .011, late: 3.90% vs.
1.38%, adjusted RR ¼ 2.28, 95% CI ¼ 1.39-3.74, P ¼ .001). TSA became more common in elderly patients
over 70 years of age over time in both the inpatient and outpatient cohorts, whereas fewer young pa-
tients (aged 18-59 years) underwent TSA in the late cohorts than in the early cohorts for both the
inpatient and outpatient samples (P < .001).
Conclusion: The overall complication rate of TSA has decreased over time as outpatient TSA has become
increasingly common. When contemporary data are examined, the complication rate of outpatient
procedures has remained constant over time while that of inpatient procedures decreased, despite the
changing demographics of patients undergoing TSA. This indicates that outpatient TSA remains a safe
procedure as patient selection criteria have evolved, while the safety of inpatient TSA continues to
improve.

© 2021 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
The rate of total shoulder arthroplasty (TSA) is rapidly
increasing.8,19,27 By 2025, the volume of shoulder arthroplasty
performed in the United States is expected to exceed the expected
growth of total hip (47% increase) and knee (22% increase)
arthroplasty over the same time period.29 The increased volume of
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TSA is partly attributable to United States Food and Drug Admin-
istration approval of the reverse TSA in 2004 and its expanding
indications.29 With time, the confidence in the reverse TSA has
expanded indications for its utilization. Not surprisingly, reverse
TSA is expected to see the greatest increase of all shoulder
arthroplasty procedures in the upcoming years.

Recent advances in surgical technique, implant design, pain
management strategies, and perioperative care have led to
decreased postoperative complications and shortened hospital
length of stay after TSA.11,26 These developments have spurred in-
terest in performing TSA in the outpatient setting, which has been
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shown to be safe and effective.1 Approximately 2%-3% of TSA pro-
cedures were performed outpatient in the early 2010s, and that
proportion has steadily increased, with the number of TSAs per-
formed in ambulatory surgery centers doubling over a 5-year
span.3,9,23 Leroux et al found high levels of patient satisfaction
with outpatient TSA, as 97% of patients described their experience
as good or excellent, and over 94% said they would choose outpa-
tient TSA again.21 In addition, multiple studies have shown
outpatient TSA is more cost-effective than inpatient, with two
studies reporting over 40% cost savings, even after excluding
inpatient-specific charges and accounting for confounding vari-
ables.9,17,23 With the implementation of the Bundled Payment for
Care Improvement program by Medicare in 2011 and subsequent
declines in TSA reimbursement, recent emphasis has been placed
on reducing episode-of-care costs while improving quality of
services.22,25,30

The current literature pertaining to safety and complications in
outpatient TSA consists mainly of retrospective cohort studies or
large database studies.2,3,18,21,23 Results have been inconsistent, as
some have demonstrated equivalent rates of readmissions2,18 and
postoperative complications,13,21 whereas others suggest that
complications are less frequent in the outpatient setting.3,14 In
addition, as evidence continues to validate outpatient total joint
arthroplasty as a safe option, many surgeons have broadened their
patient selection and have become more comfortable performing
surgery on older patients with an increased comorbidity burden.31

With the heterogeneous findings of past studies and the evolving
characteristics of patients undergoing outpatient arthroplasty, it is
important to evaluate outpatient TSA complications utilizing up-to-
date data sets.

The purpose of the present study was to use recent data from a
large, multicenter, national database to investigate trends and
compare rates of adverse events after outpatient and inpatient TSA
over time. Given the improvement in TSA outcomes and expansion
of outpatient procedures, we hypothesized that outpatient TSA
would be associated with fewer adverse events than inpatient TSA
in recent years, while having an older patient populationwithmore
comorbidities than an earlier outpatient cohort.

Methods

Study population

Patients undergoing primary TSA (both anatomic and reverse, as
they share the same Current Procedural Terminology (CPT) code)
during 2006-2019 were identified in the American College of Sur-
geons National Surgical Quality Improvement Program (ACS-
NSQIP) database using the CPT code 23472. The ACS-NSQIP is a
surgical database that prospectively collects data from over 700
participating hospitals regarding preoperative characteristics of
included patients and postoperative complications within 30 days
of surgical intervention.

Patients were included if they underwent primary elective TSA.
Elective cases were identified by using the “emergency” and
“elective” variables within ACS-NSQIP. As in previous studies using
this database, outpatient surgery was defined as discharge on the
day of surgery, whereas inpatient surgery was defined as discharge
anytime after the day of surgery.5,6 Patient characteristics including
age, gender, smoking status, and body mass index (BMI) were
collected. Age was stratified into 3 cohorts (18-59, 60-69, and �70
years), and BMI was stratified into 4 groups (�25, 25-30, 30-35, or
�35 kg/m2). Preoperative comorbidities including hypertension,
dyspnea on exertion, chronic obstructive pulmonary disease
(COPD), and diabetes mellitus (no diabetes, insulin-dependent
8

diabetes mellitus, or noninsulin-dependent diabetes mellitus)
were recorded. Preoperative anemia was defined as a hematocrit
<36% for women and <41% for men. Preoperative hypo-
albuminemia was defined as serum albumin <3.5 g/dL. Anesthesia
type was characterized as either general or regional anesthesia.
Only one primary anesthesia technique could be recorded from the
database, and thus, patients who may have had a combination of
regional and general were not identified.

Outcomes

Adverse events within 30 days after surgical intervention
recorded in ACS-NSQIP were used. The specific complications
include death, surgical site infection (SSI), wound dehiscence,
pneumonia, deep vein thrombosis, pulmonary embolism, unex-
pected intubation, acute kidney injury, urinary tract infection,
stroke, myocardial infarction, blood transfusion, and systemic
sepsis. An outcome variable termed “any complication”was created
and was considered positive if any of the abovementioned com-
plications occurred. Hospital readmission and return to the oper-
ating room were analyzed separately.

Patients were divided into two cohorts to analyze changes over
time. Patients from 2006-2016 were included in the “early cohort”,
and those from 2017-2019 were included in the “late cohort”. These
cohorts were chosen to represent approximately 50% of the total
number of included cases performed during the study period. Out-
comes were compared between inpatient and outpatient proced-
ures for these two cohorts. In addition, age and rate of comorbidities
werecomparedbetween theearlyand late cohorts forboth inpatient
and outpatient TSA samples to assess how the population of
patients undergoing inpatient and outpatient TSA has evolved over
time.

Statistical analysis

Stata, version 16.1, (Statacorp LLP, College Station, TX, USA) was
used to conduct statistical analyses. First, demographics, preoper-
ative comorbidities, and laboratory characteristics were compared
between inpatients and outpatients using Pearson’s chi-squared
test. Second, the year of operation was tested for association with
outpatient status using Poisson regression with robust error vari-
ance inwhich the outcomewas outpatient (vs. inpatient) status and
the independent variable was the year of procedure. The same
method was then used to test the year of operation for association
with occurrence of any complication. The occurrence of any
complication between early and late cohorts was analyzed for both
inpatient and outpatient groups using bivariate and multivariate
Poisson regression with robust error variance. Adverse event rates
were compared between inpatients and outpatients using bivariate
and multivariate Poisson regression with robust error variance.
Adjusted analyses of adverse events were controlled for age, sex,
BMI, diabetes, dyspnea on exertion, hypertension, COPD, current
smoking status, anemia, hypoalbuminemia, and anesthesia type.
Analysis of adverse events was conducted separately among the
early and late cohorts. Finally, age and comorbidity burden were
compared between the early and late cohorts for both the inpatient
and outpatient samples using Pearson’s chi-squared test. The level
of significance was set at P < .05.

The ACS-NSQIP requires the following statement to be present in
articles using its data: “The American College of Surgeons National
Surgical Quality Improvement Program and hospitals participating
in the ACS-NSQIP are the source of the data used herein; they have
not verified and are not responsible for the statistical validity of the
data analysis or the conclusions derived by the authors.”



Table I
Percent of procedures performed as outpatient, by demographic, comorbidity, and
laboratory characteristics.

Demographic,
comorbidity, or
laboratory characteristic

Percent
performed as
outpatient

Statistical comparisons

Percent 95% CI RR 95% CI P value

Overall 6.0 5.7-6.3
Age <.001
18-59 8.4 7.5-9.4 Ref.
60-69 6.5 6.0-7.1 0.77 0.68-0.89
�70 5.0 4.6-5.3 0.59 0.52-0.67

Sex <.001
Male 7.3 6.9-7.8 Ref.
Female 4.9 4.6-5.3 0.67 0.61-0.74

Body mass index
�25 7.0 6.2-7.8 Ref.
25-30 6.8 6.2-7.3 0.97 0.89-1.16 .677
30-35 6.1 5.5-6.7 0.87 0.75-1.01 .059
�35 4.2 3.7-4.7 0.60 0.60-0.49 <.001

Diabetes mellitus
No diabetes mellitus 6.3 6.0-6.6 Ref.
NIDDM 4.7 4.0-5.5 0.75 0.64-0.89 .001
IDDM 3.9 2.9-5.1 0.61 0.46-0.81 .001

Dyspnea on exertion <.001
No 6.3 6.0-6.6 Ref.
Yes 1.7 1.1-2.4 0.26 0.19-0.39

Hypertension <.001
No 7.8 7.2-8.4 Ref.
Yes 5.1 4.8-5.5 0.66 0.60-0.73

COPD <.001
No 6.2 5.9-6.5 Ref.
Yes 3.0 2.2-3.9 0.48 0.36-0.63

Current smoker .053
No 6.1 5.8-6.4 Ref.
Yes 5.1 4.3-6.0 0.84 0.71-1.00

Anemia* <.001
No 6.4 6.1-6.7 Ref.
Yes 4.6 4.1-5.2 0.72 0.63-0.82

Serum albumin
Normal (�3.5 g/dL) 5.4 5.0-5.8 Ref.
Hypoalbuminemia (<3.5 g/dL) 3.1 2.0-4.6 0.58 0.39-0.87 .007
Albumin level not available 6.7 6.3-7.2 1.26 1.14-1.39 <.001

CI, confidence interval; RR, relative risk; Ref, reference; NIDDM, noninsulin-
dependent diabetes mellitus; IDDM, insulin-dependent diabetes mellitus; COPD,
chronic obstructive pulmonary disease.
Bold indicates statistical significance (P < .05).

*Anemia was defined as preoperative hematocrit below 36 for women or 41 for
men.
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Results

Study population

In total, 29,776 cases were identified. Of the 25,246 cases (84.8%)
that met inclusion criteria, 1511 (6.0%) were performed as an
outpatient. In total,12,401 cases were performed from2006 to 2016
(early cohort) and 12,845 cases were performed from 2017 to 2019
(late cohort). These cohorts were chosen to represent approxi-
mately 50% of the total number of included cases performed during
the study period.

Percent of procedures in the entire cohort performed as an
outpatient in accordance with demographic, comorbidity, and
laboratory characteristics is displayed in Table I.

Within the full cohort, outpatients were less likely to be within
the 60-69 or �70 age bracket (relative risk [RR] ¼ 0.77, 95% confi-
dence interval [CI] ¼ 0.68-0.89; RR ¼ 0.59, 95% CI ¼ 0.52-0.67,
P < .001 for both). Outpatients were also less likely to have BMI�35
and were less likely to have diabetes, dyspnea on exertion, hyper-
tension, COPD, anemia, and hypoalbuminemia (Table I).
9

In the early cohort, dyspnea on exertion (P < .001), hypertension
(P < .001), insulin-dependent diabetes mellitus (P ¼ .035), and BMI
�35 (P ¼ .002) were more common among inpatients compared
with outpatients (Table II). A greater proportion of inpatients were
women, whereas a greater percentage of outpatients were men
(P < .001). Regarding age, outpatient procedures were more likely
to occur in the 18-59 and 60-69 year group, whereas the �70 year
group was more likely to undergo inpatient procedures (P < .001).

Trends regarding age, comorbidity, and sex in the late cohort
were largely similar to the early cohort (Table II). However,
compared with the early cohort, there was a lower comorbidity
burden among outpatients in the late cohort, as they were less
likely to have COPD (P < .001), be a current smoker (P ¼ .013), or be
anemic (P < .001). Outpatients were also less likely to have hypo-
albuminemia (P < .001).
Trends over time

There was an increase in outpatient cases in the later study
years, with cases being more likely to be performed on an outpa-
tient basis as time went on (2.85% during 2006-2016 vs. 12.16% in
2019; RR of outpatient status with each increasing year ¼ 1.32, 95%
CI ¼ 1.28-1.37, P < .001; Figs. 1 and 2).

Cases were significantly less likely to have any complication
during later study years (5.69% from 2006 to 2016 vs. 3.65% in 2019;
RR of any complication for each increasing year ¼ 0.91, 95%
CI ¼ 0.89-0.93, P < .001; Fig. 3). Similarly, complications were
significantly less likely to occur among inpatients during later study
years (5.80% from 2006 to 2016 vs. 3.93% in 2019, RR of any
complication for each increasing year ¼ 0.91, 95% CI ¼ 0.90-0.93,
P < .001). However, although complication rates dropped over time
among outpatients, this result was not statistically significant
(1.98% from 2006 to 2016 vs. 1.62% in 2019, RR of any complication
for each increasing year ¼ 0.93, 95% CI ¼ 0.78-1.10, P ¼ .375).

When comparing early and late cohorts, there was a significant
reduction in any complication over time when considering all cases
(5.69% vs. 3.67%, adjusted RR ¼ 0.65, 95% CI ¼ 0.58-0.73, P < .001).
The rate of any complication decreased over time among inpatients
(5.80% vs. 3.90%, adjusted RR ¼ 0.68, 95% CI ¼ 0.60-0.76, P < .001).
However, the rate of any complication among outpatients was not
significant over time (1.98% vs. 1.38%, adjusted RR ¼ 0.64, 95%
CI ¼ 0.28-1.47, P ¼ .293).

TSA became more common in elderly patients over 70 years of
age over time in both the inpatient and outpatient cohorts. A total
of 53.6% of the inpatient late cohort was over 70 years of age
compared with 51.5% in the early cohort (P ¼ .001; Table IV).
Similarly, 44.9% of outpatients in the late cohort and 37.0% in the
early cohort were over 70 years of age (P ¼ .009). Likewise, fewer
young patients (aged 18-59 years) underwent TSA in the late co-
horts than in the early cohorts for both the inpatient and outpatient
samples (P < .001). A higher proportion of inpatients in the late
cohort had COPD, noninsulin-dependent diabetes mellitus, and
BMI �35 and were ASA class 3 or 4 (P ¼ .007, P ¼ .033, P ¼ .011, and
P < .001, respectively).
Early cohort (2006-2016)

Among the 12,401 cases performed in the early cohort (12,047
inpatients and 354 outpatients), there were significantly more
complications among inpatients than outpatients (5.80% vs. 1.98%,
adjusted RR ¼ 2.57, 95% CI ¼ 1.24-5.34, P ¼ .011). Regarding specific
complications, inpatient American Society of Anesthesiologists was
associated with a significantly higher rate of blood transfusion
(3.34% vs. 0.86%, adjusted RR ¼ 3.34, 95% CI ¼ 1.09-10.28 P ¼ .035).



Table II
Comparisons of inpatients vs. outpatients by demographic, comorbidity, laboratory, and perioperative characteristics among the early cohort (2005-2016) and the late cohort
(2017-2019).

Demographic, comorbidity, or
laboratory characteristic

Early Late

Inpatient (n ¼ 12,047) Outpatient (n ¼ 354) P value Inpatient (n ¼ 11,688) Outpatient (n ¼ 1157) P value

Age <.001 <.001
18-59 14.9% 28.8% 12.9% 17.5%
60-69 33.6% 34.2% 33.5% 37.7%
�70 51.5% 37.0% 53.6% 44.9%

Sex <.001 <.001
Male 43.5% 53.1% 43.6% 54.5%
Female 56.6% 46.9% 56.5% 45.6%

Body mass index .002 <.001
�25 17.2% 20.6% 16.4% 19.5%
25-30 32.4% 37.0% 31.3% 36.2%
30-35 26.1% 26.6% 26.7% 26.9%
�35 24.2% 15.8% 25.7% 17.4%

Diabetes mellitus .035 <.001
No diabetes mellitus 82.8% 87.3% 81.7% 86.8%
NIDDM 12.2% 10.5% 13.2% 9.8%
IDDM 4.9% 2.3% 5.2% 3.5%

Dyspnea on exertion 7.0% 1.1% <.001 7.2% 2.2% <.001
Hypertension 67.6% 55.7% <.001 68.3% 58.3% <.001
COPD 6.3% 4.2% .109 7.2% 2.9% <.001
Current smoker 10.5% 11.3% .626 10.5% 8.2% .013
Anemia* 24.1% 20.9% .167 22.6% 16.8% <.001
Serum albumin .505 <.001
Normal (�3.5 g/dL) 42.8% 42.7% 50.7% 41.2%
Hypoalbuminemia (<3.5 g/dL) 3.0% 2.0% 3.5% 1.6%
Albumin level not available 54.1% 55.4% 45.9% 57.2%

NIDDM, noninsulin-dependent diabetes mellitus; IDDM, insulin-dependent diabetes mellitus; COPD, chronic obstructive pulmonary disease.
Bold indicates statistical significance (P < .05).

*Anemia was defined as preoperative hematocrit below 36 for women or 41 for men.

Figure 1 Number of inpatient (red) and outpatient (green) total shoulder arthroplasty
procedures performed per year over the study period.

Figure 2 Percentage of total shoulder arthroplasty cases performed as an outpatient
procedure over time.
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The rates of the remaining outcomes did not differ (P > .05 for each;
Table III).

Late cohort (2017-2019)

Among the 12,845 cases performed in the early cohort (11,688
inpatients and 1157 outpatients), there were significantly more
complications among inpatients than outpatients (3.90% vs. 1.38%,
adjusted RR ¼ 2.28, 95% CI ¼ 1.39-3.74, P ¼ .001). There were no
specific outcomes that differed between the groups (P > .05 for
each; Table III). Of note, readmissions were significantly higher in
inpatients before adjustment (2.89% vs. 1.82%, unadjusted
10
RR ¼ 1.59, 95% CI ¼ 1.03-2.47, P ¼ .037), but this difference was not
statistically significant after adjustment (adjusted RR ¼ 1.38, 95%
CI ¼ 0.89-2.16, P ¼ .146).

Discussion

Consistent with our hypothesis, the primary finding of this
study was that the overall complication rate was lower in patients
undergoing outpatient TSA than that in inpatient TSA, despite a
growing number of elderly patients undergoing outpatient TSA in
the more recent cohort. This finding remained statistically signifi-
cant after controlling for baseline patient characteristics and

mailto:Image of Figure 2|tif


Figure 3 Rate of any adverse event occurring within 30 days postoperatively after
inpatient (red) and outpatient (green) total shoulder arthroplasty procedures over
time.
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comorbidities. These results suggest that outpatient TSA remains a
safe and possibly advantageous alternative to the inpatient setting,
even in appropriately selected patients over 70 years old. In addi-
tion, we found that the complication rate in the inpatient cohort
decreased over time despite the more recent sample showing a
greater comorbidity burden and advanced age. This finding sug-
gests that recent advances in clinical care pathways, technique, and
perioperative care have continued to improve the safety of TSA.

In the present study, patients had significantly fewer compli-
cations in the outpatient setting than inpatients when adjusted for
comorbidities. The rate of any complication among inpatients in the
early cohort was 5.8% compared with 1.98% in outpatients. Like-
wise, 3.9% of inpatients in the late cohort experienced a compli-
cation compared with 1.38% of outpatients. These findings are
consistent with the results of several previous studies using older
data from institutional and nationwide registries.

Basques et al3 used a Medicare database to evaluate adverse
events in 123,347 patients who underwent anatomic or reverse
TSA. The authors found that inpatients had higher rates of acute
Table III
Multivariate adjusted analysis* of adverse event rates, early cohort (2005-2016) and late

Adverse event Early cohort

Inpatient Outpatient RR 95% CI

Any complication 5.80% 1.98% 2.57 1.24-5.34
Specific complications
Death 0.16% 0.28% 0.39 0.05-3.13
Surgical site infection 0.45% 0.28% 2.08 0.28-15.61
Wound dehiscence 0.06% 0.00% - -
Pneumonia 0.50% 0.28% 1.32 0.18-9.74
Deep vein thrombosis 0.35% 0.28% 1.14 0.14-9.04
Pulmonary embolism 0.32% 0.28% 0.90 0.12-6.92
Unexpected intubation 0.18% 0.00% - -
Acute kidney injury 0.14% 0.00% - -
Urinary tract infection 0.77% 0.28% 2.08 0.28-15.24
Stroke 0.12% 0.00% - -
Myocardial infarction 0.22% 0.00% - -
Blood transfusion 3.34% 0.86% 3.34 1.09-10.28
Sepsis 0.27% 0.00% - -

Return to the operating room 1.04% 0.28% 3.63 0.50-26.33
Readmission 2.79% 1.36% 1.85 0.69-4.96

RR, relative risk; CI, confidence interval.
Bold indicates statistical significance (P < .05).

*Adjusted for each of the baseline characteristics listed in Table I.
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kidney injury, thromboembolic events, SSIs, urinary tract in-
fections, hematoma, transfusion, capsulitis, dislocation, and 30-day
and 90-day readmission when controlling for differences in
comorbidities.3 Similarly, Arshi et al2 found that outpatient TSA had
decreased rates of stiffness and higher rates of SSI at one year when
adjusting for baseline characteristics. Erickson et al12 showed lower
overall complication rates in patients undergoing outpatient
reverse TSA than in inpatients on unadjusted analysis, although the
inpatient cohort was older and had higher rates of obesity and
diabetes. In contrast, Leroux et al20 demonstrated that inpatients
and outpatients undergoing TSA showed similar rates of adverse
events and readmissions when controlling for a higher comorbidity
burden among inpatients. Several authors have replicated this
finding, showing a favorable postoperative complication profile in
outpatient TSA, although no advantage over the inpatient setting
when comparing similar patient populations.7,10,18 Indeed, a recent
meta-analysis found no significant differences between matched
inpatient and outpatient TSA groups in regard to medical compli-
cations, surgical complications, or hospital readmissions.1

Compared with the aforementioned database studies, the present
study benefits from the addition of more recent ACS-NSQIP data to
include a greater number of outpatient procedures. We were also
able to observe trends over time by dividing patients between an
early and late cohort.

Unsurprisingly, inpatients in the present study had more
comorbidities than outpatients in both the early and later cohorts,
which reflects that younger, healthier patients are more commonly
selected for outpatient surgery. In the early 2000s, a greater pro-
portion of patients underwent inpatient TSA, largely due to his-
torical precedent and a paucity of published literature supporting
safe outpatient arthroplasty. However, as evidence grew that vali-
dated outpatient TSA as a viable option, the percentage of patients
undergoing same-day TSA grew from 2.85% in 2006-2016 to 12.16%
in 2017-2019. Appropriate patient selection for outpatient surgery
has been thoroughly investigated in the total hip and knee litera-
ture,31 and a number of risk calculators and more well-defined
patient selection criteria have aided decision-making for outpa-
tient TSA.4,28 The results of the present study show that outpatient
TSA has become more common in elderly patients, as the propor-
tion of patients over the age of 70 undergoing outpatient TSA grew
from 37% in 2006-2016 to 44.9% in 2017-2019. Despite these
cohort (2017-2019).

Late cohort

P value Inpatient Outpatient RR 95% CI P value

.011 3.90% 1.38% 2.30 1.39-3.80 .001

.372 0.15% 0.09% 1.31 0.17-10.12 .794

.476 0.54% 0.26% 2.23 0.68-7.36 .188
- 0.05% 0.00% - - -
.786 0.49% 0.09% 5.12 0.80-32.74 .085
.900 0.34% 0.09% 3.38 0.48-23.56 .219
.917 0.27% 0.00% - - -
- 0.23% 0.00% - - -
- 0.15% 0.17% 0.64 0.14-2.98 .570
.472 0.20% 0.41% 0.71 0.34-1.46 .531
- 0.08% 0.00% - - -
- 0.27% 0.17% 1.63 0.41-6.52 .492
.035 1.21% 0.00% - - -
- 0.15% 0.00% - - -
.202 1.44% 1.04% 1.37 0.74-2.53 .322
.220 2.89% 1.82% 1.38 0.89-2.16 .146

mailto:Image of Figure 3|tif


Table IV
Comparisons of demographic, comorbidity, laboratory, and perioperative characteristics among inpatients and outpatients in the early cohort (2005-2016) vs. the late cohort
(2017-2019).

Demographic, comorbidity, or
laboratory characteristic

Inpatient Outpatient

Early (n ¼ 12,047) Late (n ¼ 11,688) P value Early (n ¼ 354) Late (n ¼ 1157) P value

Age
18-59 14.9% 12.9% <.001 28.8% 17.5% <.001
60-69 33.6% 33.5% .788 34.2% 37.7% .232
�70 51.5% 53.6% .001 37.0% 44.9% .009

Sex .884 .657
Male 43.5% 43.6% 53.1% 54.5%
Female 56.6% 56.5% 46.9% 45.6%

Body mass index
�25 17.2% 16.4% .075 20.6% 19.5% .653
25-30 32.4% 31.3% .061 37.0% 36.2% .787
30-35 26.1% 26.7% .325 26.6% 26.9% .903
�35 24.2% 25.7% .011 15.8% 17.4% .496

Diabetes mellitus
No diabetes mellitus 82.8% 81.7% .018 87.3% 86.8% .803
NIDDM 12.2% 13.2% .033 10.5% 9.8% .706
IDDM 4.9% 5.2% .372 2.3% 3.5% .261

Dyspnea on exertion 7.0% 7.2% .472 1.1% 2.2% .216
Hypertension 67.6% 68.3% .222 55.7% 58.3% .386
COPD 6.3% 7.2% .007 4.2% 2.9% .227
Current smoker 10.5% 10.5% .920 11.3% 8.2% .075
Anemia* 24.1% 22.6% .006 20.9% 16.8% .075
ASA class 3 or 4 54.0% 60.2% <.001 39.0% 42.7% .215
Serum albumin
Normal (�3.5 g/dL) 42.8% 50.7% <.001 42.7% 41.2% .633
Hypoalbuminemia (<3.5 g/dL) 3.0% 3.5% .045 2.0% 1.6% .586
Albumin level not available 54.1% 45.9% <.001 55.4% 57.2% .539

NIDDM, noninsulin-dependent diabetes mellitus; IDDM, insulin-dependent diabetes mellitus; COPD, chronic obstructive pulmonary disease; ASA, American Society of An-
esthesiologists.
Bold indicates statistical significance (P < .05).

*Anemia was defined as preoperative hematocrit below 36 for women or 41 for men.
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changing demographics, the rate of complications has remained
low and suggests that outpatient TSA remains a safe option as pa-
tient selection criteria have evolved. As evidence accumulates
supporting safe outpatient surgery in more medically complex
patients, patient selection criteria will continue to be refined.

Of note, inpatients undergoing TSA from 2017 to 2019 had more
comorbidities compared with 2006-2016, which may reflect a
higher proportion of healthy patients being preferentially chosen
for outpatient TSA in the later study period or simply expanding
indications for TSA in elderly, sicker patients in recent years.
Further research on the evolving patient characteristics of inpatient
TSA in light of the growing popularity of outpatient TSA is war-
ranted, particularly considering the implications for episode-of-
care reimbursement. Recent data in the hip and knee literature
demonstrate that patients with more comorbidities accrue signif-
icantly greater costs to the hospital that are not adequately
accounted for in bundled payment models.15 For example, di-
agnoses of diabetes and congestive heart failure among Medicare
patients increased the total episode-of-care cost by $3937 and
$1,368, respectively.15 As the population undergoing inpatient TSA
continues to increase in complexity and healthier patients are
preferentially chosen for same-day surgery in ambulatory surgery
centers, changes in reimbursement arewarranted to abate financial
risk.

Interestingly, despite the more recent cohort of inpatients hav-
ing a greater number of higher-risk patients, we observed an
overall decrease in complication rates over time. The favorable
outcomes seen in the later cohort may reflect improvements in
analgesia techniques that may facilitate more rapid discharge24 or a
growing popularity of medical co-management to prevent post-
operative medical complications.16 The overall low rate of
12
complications in the present study further confirms that TSA is a
safe procedure in patients of varying medical complexity.

There are several limitations to the present study. First, adverse
events are collected for only 30 days postoperatively in the ACS-
NSQIP database, which does not represent longer-term complica-
tions related to TSA. Adverse events are limited to medical
complications and do not include surgery-specific complications
such as stiffness, stress fracture, implant loosening, instability,
chronic prosthetic joint infection, and others, unless they required a
return to the operating room. In addition, more granular outcomes
such as functional scores, strength, range of motion, and patient
satisfaction are not collected. However, much of the focus regarding
safety of the surgery setting is related to associated medical com-
plications. Second, selection bias is inherent in this study design
and may confound the rate of adverse events. A multivariable
regression including all relevant patient characteristics was per-
formed in this study in an effort to reduce such bias. However, the
goal of preoperative indication protocols is to select patients with a
risk profile most suitable for an outpatient setting. Thus, the find-
ings of this study indicate that outpatient TSA can be performed
safely when patient selection protocols are followed. Third, adverse
events that occurred outside of the ACS-NSQIP participating hos-
pitals were not captured and may under-represent complication
rates. Fourth, because anatomic TSA and reverse TSA share the
same CPT code, these procedures were not able to be distinguished
in this study. Although consistent with prior findings,5 it is possible
that the dramatic rise in cases in recent years (ie a similar number
of cases performed in the first 11 years of available data as in the
last 3 years) is due to the rapid expansion in the utilization of
reverse TSA over time.5 Similarly, there may also have been greater
variability in technique and perioperative protocols during the
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early cohort than the late cohort, which could limit our conclusions.
Finally, because of the data utilized, these results are specific to the
health care system in the United States and may not be generaliz-
able to other nations.

Conclusion

The overall complication rate of TSA has decreased over time as
outpatient TSA has become increasingly common. Despite the
changing demographics of patients undergoing TSA, the compli-
cation rate of outpatient procedures remained constant over time,
whereas that of inpatient procedures decreased. This indicates that
outpatient TSA remains a safe procedure as patient selection
criteria have evolved, while the safety of inpatient TSA continues to
improve.
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