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We sought to quantify the impact of COVID-19 on canceled revision total joint arthroplasty (TJA) in a large
academic hospital network. We performed a retrospective analysis of revision TKA and THA in a healthcare
system containing 5 hospitals in a time period of 8 months prior to and 8 months after the cessation of elective
surgery. We found a 30.1% decrease in revision TKA and a 6.80% decrease in revision THA. Revision TJA volume

decreased in our healthcare system during COVID-19 compared to prior to the pandemic, which will likely have
lasting financial and clinical ramifications for the healthcare system.

1. Introduction

The SARS-CoV-2 (COVID-19) pandemic has had far-reaching effects
on the United States (US) healthcare system.1 The World Health Orga-
nization declared COVID-19 a worldwide pandemic on March 10, 2020.?
The US Surgeon General recommended canceling all elective surgical
cases on March 14, 2020, and the Center for Medicare and Medicaid
Services (CMS) recommended the same on March 18, 2020.% Although
recommendations for halting elective procedures varied by state, Mas-
sachusetts advised healthcare facilities to cancel elective surgeries on
March 15, 2020.° As of April 16, 2021, over 31,000,000 cases of
COVID-19 were confirmed in the US, with 559,000 deaths due to
SARS-CoV-2."

The goal of canceling elective surgeries at the start of the COVID-19
pandemic was to mitigate infection risk to patients and healthcare
workers, conserve personal protective equipment (PPE), and preserve
inpatient hospital beds.” Primary total hip arthroplasty (THA) and total
knee arthroplasty (TKA) are two elective procedures that were signifi-
cantly affected by state and national restrictions on elective surgery.
2020 projected primary TKA volume in the United States was 820,514,
and primary THA projected volume was 476,730, with March-June
2020 estimated at 267,343 TKA and 159,132 THA. The exact number of

delayed or canceled arthroplasty cases is unknown, but between 77,000
and 372,000 THA and TKA cases required rescheduling due to the
COVID-19 pandemic.”

In addition to its effect on elective primary knee and hip arthro-
plasty, the COVID-19 pandemic has had far-reaching effects on revision
total joint arthroplasty (TJA) volume. Annual volume of revision TKA
and revision THA for 2020 in the United States were projected at
128,000 and 66,000, respectively.® There is currently no unified data-
base to capture all revision TJA procedures in the United States, so it is
challenging to determine exactly how many revision TJA procedures
were delayed due to the pandemic. However, recent studies have shown
that there were likely more than 22,500 primary and 2000 revision TJA
cases not performed each week in April and May 2020 at the height of
COVID-19 elective surgery restrictions in the US.”

Revision TJA can be further separated into indication for surgery,
with a dichotomy of urgent cases, which are more time-sensitive pro-
cedures, and non-urgent cases, which are more elective. Urgent revision
TJA, which ideally should not be delayed, include revision for infection
or periprosthetic fracture. According to the 2019 American Joint
Replacement Registry (AJRR) Annual Report, revision for infection
constituted 20.5% of revision TKA cases and revision for fracture was
2.3% of revision TKA cases.® Revision for infection was 13.3% of THA
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revision cases and revision for periprosthetic fracture was 5.4% of
revision THA cases.® However, the effect of the COVID-19 pandemic on
revision TJA cases are unknown. Thus, the purposes of this study were to
compare the volume and indications for revision TJA to primary TJAina
single network prior to and during the COVID-19 pandemic.

2. Materials and methods

An institutional review board-approved retrospective analysis of
primary and revision TKA and THA procedures in a single hospital
network was performed. The data was queried from a multi-institutional
registry for all TJA procedures performed in 5 large hospitals consisting
of approximately 2600 inpatient beds between July 15, 2019 and
November 15, 2020. Procedures were separated into 8 months prior to
the initial shutdown of elective surgery at a single geographic location
(July 15, 2019-March 14, 2020) and 8 months following the initial
shutdown (March 15, 2020-November 15, 2020), and the percentage
change in primary and revision TJA were compared between groups.

Patient demographic and surgical information was collected,
including patient age, sex, body mass index (BMI), date of revision TJA,
indication for revision, surgeon, and hospital. The indications for revi-
sion TJA were stratified by urgent, which included periprosthetic joint
infection and periprosthetic fracture, and semi-elective, which included
cases such as aseptic loosening or instability. The percentage change in
urgent revision TJA was compared to the percentage change in revision
TJA for all other indications during the same time periods. Additionally,
the number of primary TKA and THA in the 8 months prior to the initial
shutdown of elective surgeries and the 8 months following the initial
shutdown were obtained and the percentage decrease in primary TKA
and THA was calculated. Subsequently, the decrease in revision TKA and
THA volume was compared to the decrease in primary TKA and THA
volume during the same time periods.

2.1. Statistical analysis

The two groups were revision TJAs in our healthcare system 8
months prior to the initial shutdown (July 15, 2019-March 14, 2020)
and 8 months following the initial shutdown (March 15,
2020-November 15, 2020). We compared the two groups by de-
mographic (including age, sex, and BMI). We then compared revision
TKA and THA volume to primary TKA and THA volume over the same
time periods. We then compared the revision TKA and THA indications
by percentage of total cases in both the pre-pandemic and post-
shutdown time periods. Student’s t-test was utilized to compare the
two groups and calculate p-value.

3. Results

There were 196 revision TJAs in the eight months prior to the
pandemic. Patients had a mean age of 75.2 years (SD 1.02), consisting of
51.9% females and 48.1% males, and had a mean BMI of 30.5 kg/m2 (SD
6.7). In comparison, there were 161 revision TJAs in the eight months
after the shutdown. Patients had a mean age of 68.7 years (SD 11.58),
comprised of 56.2% females and 43.8% males, and had an average BMI
of 30.3 kg/m? (SD 6.9). There was no difference between the groups in
terms of age (p = 0.37), sex (p = 0.37), and BMI (p = 0.82) (Table 1).

93 revision TKA procedures were performed prior to the shutdown,
and 65 revision TKA procedures were performed after shutdown (30.1%
decrease). 103 revision THA procedures were performed prior to shut-
down, and 96 revision THA procedures were performed after the shut-
down (6.8% decrease). The proportion of revision THA compared to
primary THA pre-pandemic and post-shutdown was unchanged (p =
0.60). Similarly, the proportion of revision TKA was unchanged from the
time period prior to the pandemic to the time period after the shutdown
(p = 0.82) (Table 1).
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Table 1
Revision total joint arthroplasty demographics and indications.
Pre-Covid Post-Covid % p-
Change value
TJA Revisions 196 161 17.9 0.676
Male 48.1% 43.8%
Female 51.9% 56.2%
BMI 30.5(SD = 30.3 (SD = 0.815
6.1) 6.9)
Age 75.2 (SD = 68.7 (SD = 0.371
1.02) 11.58)
Revision TKA 93 65 30.1 0.822
Procedures
Aseptic loosening 41 (44.1%) 30 (46.2%) 0.871
Periprosthetic joint 22 (23.7%) 14(21.5%) 0.848
Infection
Instability 17 (18.3%) 12 (18.5%) 0.977
Fracture 3(3.2%) 6 (9.2%) 0.162
Arthrofibrosis 3 (3.2%) 1 (1.5%) 0.644
Polyethylene Wear 2 (2.2%) 0 0.513
Metal Allergy 2 (2.2%) 1 (1.5%) 0.781
Intractable Pain 2 (2.2%) 1 (1.5%) 0.781
Patellar Instability 1(1.1%) 0 0.402
Urgent Revisions 25 (26.9%) 20 (30.8%) 0.597
Revision THA 103 96 6.8 0.603
Procedures
Aseptic loosening 29 (28.2%) 15 (15.6%) 0.04
Periprosthetic joint 24 (23.3%) 28(29.2%) 0.42
Infection
Instability 17 (16.5%) 21 (21.9%) 0.37
Fracture 12 (11.7%) 16 (16.7%) 0.318
Metallosis or 9 (8.8%) 10 (10.4%) 0.81
Trunnionosis
Osteolysis 6 (5.8%) 1 (1.0%) 0.12
Polyethylene Wear 5 (4.9%) 2 (2.1%) 0.447
Heterotopic 1 (1.0%). 0 0.333
Ossification
Hematoma 2 (2.1%) 0.234
Urgent Revisions 36 (34.9%) 45 (46.9%) 0.112

3.1. Indications for revision TJA

Of the 93 revision TKA prior to shutdown, indications included
aseptic loosening (41, 44.1%), periprosthetic joint infection (22,
23.7%), instability (17, 18.3%), fracture (3, 3.2%), arthrofibrosis (3,
3.2%), polyethylene wear (2, 2.2%), metal allergy (2, 2.2%), intractable
pain (2, 2.2%), and patellar instability (1, 1.1%). Urgent revision TKA
consisted of 25 (26.9%) cases. (Table 1).

After the shutdown, indications for revision TKA included aseptic
loosening (30, 46.2%), periprosthetic joint infection (14, 21.5%),
instability (12, 18.5%), periprosthetic fracture (6, 9.2%), metal allergy
(1, 1.5%), arthrofibrosis (1, 1.5%), and intractable pain (1, 1.5%). Ur-
gent revision TKA consisted of 20 (30.8%) cases. There was no signifi-
cant difference in revision TKA indications between the two time periods
(Table 1).

Of 103 revision THA prior to shutdown, indications included aseptic
loosening (29, 28.2%), periprosthetic joint infection (24, 23.3%),
instability (17, 16.5%), periprosthetic fracture (12, 11.7%), metallosis
or trunnionosis (9, 8.8%), osteolysis (6, 5.8%), polyethylene wear (5,
4.9%), and heterotopic ossification (1, 1.0%). Urgent revision THA
consisted of 36 (34.9%) cases (Table 1).

Of the 96 revision THA patients during the shutdown, indications
included periprosthetic joint infection (28, 29.2%), instability (21,
21.9%), periprosthetic fracture (16, 16.7%), aseptic loosening (15,
15.6%), metallosis or trunnionosis (10, 10.4%), polyethylene wear (2,
2.1%), hematoma (2, 2.1%), and osteolysis (1, 1.0%). Urgent revision
THA consisted of 45 (46.9%) cases. There were no significant differences
between revision THA indications between the two time periods, with
the exception of a significant decrease in aseptic loosening as an indi-
cation for revision THA from the pre-pandemic time period to the time
period after the shutdown (p = 0.04) (Table 1).
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3.2. Revision versus primary TJA

2086 primary TKA procedures were performed in our healthcare
system in the 8 months prior to the pandemic, and 1513 primary TKA
procedures were performed during the shutdown, for a 27.5% decrease
in primary TKA. 1576 primary THA procedures were performed prior to
the pandemic, and 1361 primary THA procedures were performed
during the shutdown, which accounted for 215 fewer primary THA
surgeries, or a 13.6% decrease in primary THA. There was a greater
percentage reduction in revision TKA cases (30.1%) compared to pri-
mary TKA (27.5%), but a lower percentage reduction in revision THA
cases (6.8%) compared to primary THA (13.6%). The decrease in revi-
sion THA and TKA when compared to the decrease in primary THA and
TKA was not statistically significant (Table 1).

4. Discussion

The effects of the COVID-19 pandemic on revision TKA and THA case
volumes in the United States have far-reaching effects on patients and
surgeons alike. There were likely more than 22,500 primary and 2000
revision TJA cases not performed each week in April and May 2020 in
the United States at the height of COVID-19 elective surgery re-
strictions.” No previous study, to our knowledge, has published the ef-
fects of revision TJA volume on their healthcare system based on volume
and indications with comparison to primary TJA volume.

There was no statistically significant difference between the two
groups in terms of demographic information such as age, sex, and BMIL.
There was a 30.1% decrease in revision TKA and a 6.8% decrease in
revision THA 8 months prior to the pandemic to 8 months after this
initial shutdown of elective surgery. However, this revision THA and
TKA volume did not reduce in a greater proportion than primary THA
and TKA volume in our healthcare system as we hypothesized. We
suspected that there would be a larger decrease in revision TJA surgery
due to the restrictions on inpatient surgery and need to preserve inpa-
tient beds. However, in our hospital system, there was a proportional
decrease in revision TJA compared to primary TJA (Table 1).

We also sought to determine if the COVID-19 pandemic had a greater
effect on more elective revision TJA cases than more urgent cases, like
those for periprosthetic joint infection and periprosthetic fracture. We
hypothesized that the more urgent indications for revision TJA would
stay at a similar volume, while more elective indications for revision TJA
would decrease. However, there was no difference in the pre-pandemic
group and post-shutdown group in terms of each revision TKA indica-
tion. For revision THA, there was no difference in the pre-pandemic
group and post-shutdown group in terms of each revision THA indica-
tion with one exception. There was a decrease in revision THA for
aseptic loosening from the pre-pandemic time period to the time period
following the shutdown (Table 1).

Our hypothesis that revision TJA had decreased more than primary
TJA from the pre-pandemic to the post-shutdown time period and that
more urgent indications for revision TJA like fracture and infection
would not decrease as much did not hold true. In our large academic
hospital system, there was a proportional decrease in revision and pri-
mary TJA and proportional decrease when stratified by indication
(except for aseptic loosening in revision THA). Aseptic loosening is
usually a more elective indication for revision THA, so it is likely that
patients with this problem in the challenging 8-month time period at the
beginning of the pandemic elected to wait to schedule revision THA.
Because infection as an indication for revision TJA decreased propor-
tionally from one time period to the next, it is possible some patients that
otherwise would be seen for periprosthetic infection deferred or delayed
care and that there still could be a future increase in our hospital system.
As expected (although it was not statistically significant), there did not
seem to be a decrease in periprosthetic fracture from one time period to
the next (Table 1).

There are several limitations to the present study. First, a single
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healthcare system internal registry may not represent national trends in
revision TJA. There is currently no unified database to capture all
revision TJA procedures in the US. Second, the assumption was made
that all changes related to primary and revision TJA volume were due to
the COVID-19 pandemic. Any number of other confounding factors may
have played a role in changing the volume of primary and revision TJA
in our healthcare system. Of note, there were 3 more arthroplasty sur-
geons employed in our healthcare system by the end of the study period
compared to the beginning of data collection. Finally, the comparison
time periods of 8 months prior to and during the shutdown were rela-
tively short.

Future studies may compare the difference in patient-reported
outcome scores for revision TKA or THA patients prior to the
pandemic and after shutdown. It has been shown that patients who
delay their primary TKA and THA have health deterioration due to
increased pain and decreased function.® It would be interesting to
determine if the same holds true for revision TJA patients that delay
their care. Additional long-term studies comparing re-revision TJA rates
prior to the pandemic and after the shutdown time period would also be
of interest.

In conclusion, revision TKA and THA volume decreased in our
healthcare system during COVID-19 compared to prior to the pandemic,
but urgent cases increased. The decrease in revision TKA and THA
procedures during the COVID-19 pandemic have likely created a
backlog that may require substantial catch-up time that can have long-
lasting financial and clinical effects on the healthcare system. Under-
standing the impact that this change has on patients can potentially
provide useful information if we undergo a future pandemic.
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