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BACKGROUND

As COVID-19 rapidly propagated, many institutions were forced to respond with
suspension in all elective surgical procedures, including primary and revision Total
Shoulder Arthroplasty (TSA). In 2021, the Centers of Medicare & Medicaid Services
(CMS) removed primary and revision TSA from the Inpatient-Only-List (IPO). These rapid
changes created uncertainty surrounding the potential backlog of patients that
healthcare systems could face. The purpose of this study is to observe the change in
volume as well as proportion of TSA performed in the outpatient setting.

METHODS

Patients who underwent primary and revision elective TSA from January 2018 to April
2021 were identified using the Pearldiver database. Descriptive analysis was utilized to
report the monthly changes in elective TSA volume and the proportion of the volume
performed in the outpatient setting. A linear forecast analysis using historical data was
utilized to determine the expected volume and proportion of TSA cases performed on an
outpatient basis during the pandemic period. This was compared to the observed case

volume and setting.

RESULTS

Within 3 months following suspension, the total volume had returned to expected for
both primary and revision TSA. Those performed in the outpatient setting significantly
increased throughout the pandemic, with the largest peak following January 2020. By
April 2021, four months after the CMS removal of TSA from the IPO list, the backlog of
primary TSA volume had decreased by 30.8% with respect that in December 2020. For
revision TSA, the backlog was entirely overcome by April 2021 as there was an observed
decrease of 131% with respect that in December 2020.

CONCLUSION

The backlog for both primary and revision TSA from the beginning of the pandemic has
decreased. The observed decrease did not seem to start until January 2021 following
CMS’ removal of TSA from the IPO list. Therefore, the reduction in the backlog may be
associated with the increased utilization of outpatient primary and revision TSA.

INTRODUCTION

As the prevalence of arthritis and patient’s life expectancy
are projected to increase, primary Total Shoulder Arthro-
plasty (TSA) volume is predicted to increase as well. This
increase in TSA volume presents an inevitable increase in
the volume and burden of revision TSA (Best et al. 2021,
2023; Wagner et al. 2020). However, following the American
College of Surgeons, the Surgeon General, and Centers for
Medicare and Medicaid Services recommendation to sus-
pend elective surgical procedures in response to the World
Health Organization (WHO)'s announcement of the novel
coronavirus (COVID-19) as a global pandemic, elective or-
thopedic procedures, including elective primary and revi-
sion TSA, were temporarily held (Cucinotta and Vanelli
2020; for Medicare, Centers, and Medicaid Services, n.d.;
Ganesh Kumar and Drolet 2020).

Following these recommendations, TSA volume de-
creased by 54.6% in the second quarter of 2020 (Gordon et
al. 2022). This backlog in cases has led to consequences to
patients, surgeons, and healthcare systems. For patients,
studies have shown that the initial delay led to prolonged
reported pain, with a longer reliance on opioids (Farrow et
al. 2021). Hospitals and surgeons suffered financially, with
estimates suggesting a loss of $4-5.4 billion per month in
net income for US hospital systems (Best et al. 2020). Due
to these consequences, there was a push to resume elective
surgery (Attia, Omar, and Kaliya-Perumal 2020). However,
there was still significant anxiety surrounding the resump-
tion of elective surgery out of fear of unnecessary exposure
to COVID-19 (Moverman et al. 2021).

Outpatient surgery seemed to provide a solution to mit-
igate much of this anxiety. Most of the current literature
focused on the benefits of outpatient arthroplasty for hip
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and knee (Meneghini et al. 2018; Rozell et al. 2021). The
literature on TSA has suggested that outpatient surgery is
safe, with similar outcomes and complications compared
to inpatient surgery (Kramer et al. 2020; Erickson et al.
2020; Brolin et al. 2017). During the pandemic, early pub-
lished studies have shown an increase in the proportion of
TSA’s performed in the outpatient setting without an in-
crease in complications (Gordon et al. 2022; Seetharam et
al. 2022). Outpatient arthroplasty presented a solution to
address the backlog of primary and revision TSA. However,
current published studies are limited in their ability to rep-
resent the evolving nationwide impact of the pandemic due
to their small sample size and utilization of data only un-
til the end of 2020. In 2021, CMS removed primary and re-
vision TSA from the inpatient-only list, permitting more
surgeries to be performed in the outpatient setting (“CY
2022 Medicare Hospital Outpatient Prospective Payment
System and Ambulatory Surgical Center Payment System
Final Rule (CMS-1753FC) | CMS,” n.d.). This presents a new
opportunity to address the backlog of cases. To our knowl-
edge, no current studies have observed the changes in pri-
mary and revision TSA volume following the CMS changes.

Therefore, the purpose of this study was to observe, from
the beginning of the pandemic to April 2021, 1) the changes
in monthly elective primary and revision TSA volume, 2)
the percentage of the backlog that currently remains, and
3) the changes in monthly proportion of that volume per-
formed. We hypothesized that, following the suspension,
there would be a rapid surge in primary and revision TSA
volume to normal pre-pandemic volume. We also hypothe-
sized that following the CMS removal of primary and revi-
sion TSA from the inpatient-only list there will not only be
an increase in procedures performed in the outpatient set-
ting but also an expedited reduction in the backlog of cases.

METHODS
DATABASE

The Pearldiver (Mariner Dataset) Database (10435 Marble
Creek Circle Colorado Springs, CO 80908) was utilized for
this retrospective analysis. The Mariner dataset of the data-
base contains all-payers claims information of more than
150 million patients from January 2010 to April 2021. Pa-
tients can be identified in the database using Current Pro-
cedure Terminology (CPT) and International Classification
of Diseases (ICD) billing codes. The database only contains

de-identified patient information, deeming this study ex-
empt from Institutional Review Board review.

PATIENT SELECTION: INCLUSION/EXCLUSION

Patients who underwent primary TSA were identified in our
database using the CPT code 23472 and those who under-
went revision TSA were identified in our database using the
CPT codes 23473 and 23474. Only elective cases were ob-
served since the suspension only impacted these types of
cases. Therefore, non-elective indications for these proce-
dures were excluded using International Classifications of
Diseases (ICD) codes. For TSA, proximal humeral fractures
indications were excluded. For revision TSA, periprosthetic
joint infections and periprosthetic fracture indications were
excluded. Next, we only included patients who underwent
surgery between January 2018 and April 2021. Following
this criteria, 67,258 patients who underwent primary elec-
tive TSA and 5,244 patients who underwent revision elec-
tive TSA were included in this study.

OBSERVED AND EXPECTED VOLUME

Monthly elective primary and revision TSA volume was ob-
served from January 2018 to April 2021. The monthly pro-
portion of these performed in the outpatient setting was
calculated by dividing the number of cases with a length of
stay of zero days by the total number of cases that month.
To observe the change in monthly pandemic volume and
proportion of primary and revision TSA performed in the
outpatient setting, a linear forecasted analysis of the his-
torical data from January 2018 to February 2020 was con-
ducted to predict the expected volume and proportion from
March 2020 to April 2021. 95% Confidence intervals were
recorded with the expected volume and proportion projec-
tions. If the observed volume or proportion did not fall
within the 95% confidence interval, it was determinant that
there was a statistically significant difference in the ob-
served and expected volume for that month. Adjusted R2’s
were used to evaluate the performance of the linear fore-
casting models.

The observed and expected volume was also utilized to
determine the change in backlog of cases throughout the
pandemic. The initial backlog was identified as the differ-
ence in the number of primary and revision TSA cases ob-
served and expected from March 2020 to May 2020 (Gomez
et al. 2022; Jin et al. 2022; Wang et al. 2020). The percent
change in volume was recorded in December 2020 (before
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CMS-changes) and April 2021 (after CMS-changes). All sta-
tistical analysis was performed on Microsoft Excel 2018
(Microsoft Corporation, Redmond, Washington).

SOURCE OF FUNDING

No funding was received for the production of this study

RESULTS

PRE-PANDEMIC: VOLUME AND CHANGE IN OUTPATIENT
PROPORTION

Between January 2018 to February 2020, the volume of
elective primary TSA increased by 23.1% from 1,553 in Jan-
uary 2018 to 9,398 in February 2020 (Figure 1, Table 1).
Within the same period, the volume of elective revision
TSA increased by 33.3% from 111 in January 2018 to 148 in
February 2020 (Figure 2, Table 2). The percentage of elec-
tive primary TSA volume performed in the outpatient set-
ting increased by 31.6% from 5.7% in January 2018 to 7.5%
in December 2020 (Figure 2). The percentage of elective re-
vision TSA volume performed in the outpatient setting in-
creased by 28.0% from 15.3% in January 2018 to 19.6% in
December 2020 (Figure 2).

PANDEMIC: TSA VOLUME

A linear projection model using historical primary TSA vol-
ume from January 2018 to February 2020 was created. The
adjusted R for the model was 0.826. Between March 2020
to May 2020 (first wave of COVID-19 and surgeon general
recommendation), there was a significant decrease in pri-
mary TSA volume (Figure 1, Table 1) from what was ex-
pected. By June 2020, total primary TSA volume reached
the expected number based on the linear regression model
(Observed: 1,889; Expected: 1,963 (95% CI: 1,629-2,296;
Figure 1, Table 1). The observed volume never dropped be-
low the expected volume. From March 2021 to April 2021,
there was a significant increase in primary TSA volume
from what was expected (Figure 1, Table 1).

A linear projection model using historical revision TSA
volume from January 2018 to February 2020 was created.
The adjusted R? for the model was 0.769. Between March
2020 to May 2020 (first wave of COVID-19 and surgeon gen-
eral recommendation), there was a significant decrease in
revision TSA volume (Figure 2, Table 2) from what was ex-
pected. By June 2020, total revision TSA volume reached

the expected number based on the linear regression model
(Observed: 135; Expected: 144 (95% CI: 117-170); Figure
2, Table 2). The observed volume never dropped below the
expected volume. From March 2021 to April 2021, there was
a significant increase in revision TSA volume from what
was expected (Figure 2, Table 2).

PANDEMIC: CHANGE IN OUTPATIENT PROPORTION

A linear projection model using historical proportions of
primary TSA volume performed in the outpatient setting
from January 2018 to February 2020 was created. The ad-
justed R for the model was 0.654. There was a significantly
increased proportion of primary TSA performed in the out-
patient setting following October 2020. By December 2020,
the proportion of primary TSA performed in the outpatient
setting increased by 116.67% (March 2020: 7.8 vs December
2020: 16.9%; Figure 3, Table 3) when compared to the pro-
portion in March of 2020. By April 2021, the proportion had
increased even more by 199.4% (December 2020: 16.9% vs.
50.6%; Figure 3, Table 3).

A linear projection model using historical proportions of
revision TSA volume performed in the outpatient setting
from January 2018 to February 2020 was created. The ad-
justed R2 for the model was 0.514. There was a significantly
increased proportion of revision TSA performed in the out-
patient setting following December 2020. By December
2020, the proportion of revision TSA performed in the out-
patient setting increased by 48.17% (March 2020: 19.6% vs
December 2020: 28.3%; Figure 4, Table 4) when compared
to the proportion in March of 2020. By April 2021, the pro-
portion had increased even more by 110.95% (December
2020: 28.3% vs. 59.7%; Figure 4, Table 4).

CHANGE IN BACKLOG THROUGHOUT THE PANDEMIC

The estimated backlog of primary TSA volume from March
to May 2020 was 3,608 cases. By December 2020, it had in-
creased by 26.69% (-4,571 total cases). By April 2021, it had
decreased by 30.82% (-3,162 total cases) with respect to the
backlog in December 2020. For revision TSA, the estimated
backlog from March to May 2020 was 197 cases. By Decem-
ber 2020, it slightly decreased by 3.55% (-190 total cases).
By April 2021, it had decreased by 130.96% (+61 total cases)
with respect to the backlog in December 2020.
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DISCUSSION

The results of this study demonstrated that primary and re-
vision TSA volume returned to the expected pre-pandemic
volume by June 2020, with no significant dip in volume
since. Our study also found a progressive increase in the
proportion of primary and revision TSA performed in the
outpatient setting. This proportion was found to increase
by 199% and 111% for primary and revision TSA respec-
tively following CMS changes. With respect to the backlog
of primary TSA cases, there was an increase in the back-
log of primary cases until December 2020, with a reduc-
tion in the estimated backlog by 31% by April 2021 when
compared to December 2020. For revision TSA, the backlog
stayed around the same until December 2020, with a de-
crease in the backlog by 131% by April 2021 when compared
to December 2020.

The significant reduction in volume following suspen-
sion of elective cases, return to expected volume in June
2020, and no change in volume until December are all con-
gruent with Gordon et al’s published study (Gordon et al.
2022). They observed patients who underwent elective pri-
mary TSA in the American College of Surgeons National
Surgical Quality Improvement Program (ACS-NSQIP) data-
base from January 2019 to December 2020. They divided
each year into quarters (labeled Q1-Q4), and found no
changes in volume from 2019 Q1 through 2020 Q2. How-
ever, elective TSA volume decreased by 54.6% in 2020 Q2,
which coincides with the start of the COVID-19 pandemic.
Elective TSA volume reached prior levels in Q3 and Q4 of
2020. Thus, our volume analysis before 2021 is congruent
with other national databases.

The increased utilization of outpatient TSA throughout
the pandemic is also consistent with published literature.
Gordon et al’s study also observed an increase in the per-
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centage of patients undergoing outpatient TSA from 13.9%
in 2019 to 20.6% in 2020 (p<0.001) (Gordon et al. 2022).
Seetharam and Menendez examined 567 and 508 consecu-
tive patients at their respective institutions (Menendez et
al. 2021; Seetharam et al. 2022). Patients were grouped into
cohorts based on whether their surgery was pre-Covid-19
(before March 2020) or after Covid-19 (March 2020 or later).
Seetharam found an increase in the proportion of cases be-
ing performed outpatient in the COVID-19 era (31.9% ver-
sus 6.1%), with the average length of stay decreasing from
1.4 to 0.8 days (p<0.0001) (Seetharam et al. 2022). Menen-
dez also found a significant decrease in length of stay from
16 to 12 hours (p=0.017) and an increase in outpatient surg-
eries from 79.1% to 87.3% (p=0.013) (Menendez et al. 2021).

The COVID-19 pandemic placed an increased burden on
inpatient hospital capacity. This heavy increase in in-pa-
tient burden combined with the already high interest in
outpatient TSA permitted the pandemic to serve as a cata-
lyst in the transition to outpatient arthroplasty. The rapid
resurgence in volume following the suspension of elective
surgeries during the pandemic may be associated with the
increased utilization of outpatient primary and revision
shoulder arthroplasty. Although the volume had returned
to around pre-pandemic levels, the backlog of cases was
still not addressed. By December 2020, our study found that
estimated backlog for primary TSA had increased since the
beginning of the pandemic, with no change in that for revi-
sion TSA.

January 2021 led to major changes following CMS’ an-
nouncement to remove TSA from the IPO list. This change
in policy was attributed to literature highlighting the safety
of outpatient TSA. Brolin et al were on the forefront of out-
patient TSA in 2016 when they published a matched cohort
analysis comparing 30 TSA patients at both an outpatient
surgery and an inpatient surgery center. They demon-
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strated no difference in 90-day complication rates (Brolin
et al. 2017). Their data has been further validated in more
highly powered studies. Erikson et al performed a matched
cohort of 94 outpatient and 77 inpatient surgeries, finding
no difference in clinical outcome scores or complications
(Erickson et al. 2020). Analysis of national databases, in-
cluding the Kaiser and NSQIP databases have also shown no
difference in complication rates (Kramer et al. 2020; Ler-
oux et al. 2016). In a small retrospective cohort analysis,
even non-elective outpatient TSA performed in the setting
of proximal humerus fractures were shown to have no in-
crease in 30-day readmission rates or ED visits (Dillon et
al. 2021). Our study is currently the first to observe the
changes in outpatient volume following the CMS changes.

Interestingly, when observing the period following the
CMS changes, the volume in primary and revision TSA sig-
nificantly increased with respect to what was expected.
With respect to backlog, within four months, that of elec-
tive revision TSA had been eliminated. For primary TSA,
although not eliminated, within four months, the backlog
had reduced by over 30%. With no other major changes at
this time, this increase in volume and reduction in backlog
may be associated with the 2021 CMS changes.

However, there are other factors that can be contribut-
ing. By December 2020, studies had reported reductions in
hospitalizations for COVID-19 and its direct and indirect
complications. Therefore, the increased outpatient arthro-
plasty could also be complemented with an increase in free
hospital beds for patients who require inpatient services
for TSA. Other explanations can be attributed to adapta-
tions made by hospitals during the pandemic by expand-
ing operating room hours and scheduling elective surgeries
on weekends (Billig and Sears 2020; Anastasio et al. 2021;
Matava et al. 2022). Multiple systemic reviews and meta-
analyses have been published that report on the safety,
cost-effectiveness, and high patient satisfaction with out-
patient TSA which could also contribute to the growing
number of outpatient TSA’s performed (Allahabadi et al.
2021; Puzzitiello et al. 2022).

Valuable information may be elucidated from the re-
moval of total knee arthroplasty (TKA) and total hip arthro-
plasty (THA) off of the CMS IPO list in 2018 and 2020, re-
spectively. In 2018, one year after its removal from the IPO
list, outpatient TKA rates jumped from 0.2% to 35% (Ab-
del, Meneghini, and Berry 2021; Barnes et al. 2020; Haas et
al. 2020). There have been several factors attributing to the
increase in outpatient procedures in the TKA population.
Firstly, hospitals have been shown to be reimbursed an av-
erage of 30% lower from Medicare for outpatient TKA cases
(Yates et al. 2018; Rankin et al. 2021). This financial incen-
tive for insurance carriers to push for outpatient surgery
has increased the number of procedures that are being ap-
proved only as outpatient procedures. In addition, there is
still much confusion among providers on which patients
should be treated inpatient versus outpatient. Krueger et
al. surveyed 419 members of the American Association of
Hip and Knee Surgeons and found that nearly 35% of re-
spondents said that all TKA patients were scheduled as an
outpatient procedure unless the hospital deemed it neces-

sary to be performed in the inpatient setting (Krueger et al.
2020). To our knowledge, no similar studies exist examin-
ing the specific CMS-related changes and its effect on total
shoulder arthroplasty, although it is possible that there are
similar factors at play.

Our study has several strengths. Unlike other published
works, we observe the difference in volume using a national
database, increasing external validity of our study with re-
spect to the single institutional studies. Additionally, this
study analyzes the most recent national data available and
is the first study to examine the volume and backlog of
cases following the IPO list changes. In terms of limita-
tions, retrospective analyses, like this study, are unable to
determine causation. Although we found a rapid surge in
volume and reduction in backlog following January 2021.
We cannot confirm that this was caused by the CMS
changes. Other limitations of this study are inherent to
the utilization of national insurance claim databases. First,
Pearldiver relies on the accurate coding of its billing codes.
There is always the chance that there are discrepancies in
the utilization of these codes. Additionally, although Pearl-
Diver is a large database containing outpatient and inpa-
tient claims information of over 150 million patients, it
does not include all United States hospitals. Therefore, it
may not be generalizable to all national institutions. Our
analysis lacks information on COVID-19 related factors in-
cluding staffing shortages and the conversion of operat-
ing rooms to ICU’s which could decrease the number of
inpatient surgeries being performed. Lastly, our data analy-
sis did not include information on regional COVID-19 case
numbers or testing requirements. This prevents us from
making correlations between case numbers and the severity
of COVD-19 in particular regions. Nonetheless, we believe
this study provides novel information about TSA epidemi-
ology following the COVID-19 pandemic.

CONCLUSION

This study found that the backlog for both primary and re-
vision TSA from the beginning of the pandemic was re-
duced. The observed decrease in backlog does not seem
to start until January 2021 following CMS’ removal of TSA
from the IPO list. Therefore, the reduction in the backlog
may be associated with the increased utilization of outpa-
tient primary and revision TSA. Future works can observe
to see if the heightened volume returns to the expected vol-
ume before the pandemic after the backlog of cases are ad-
dressed.
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