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Abstract

Background Due to the surge of COVID-19 cases in the US in early March 2020, health care facilities temporarily suspended
elective and non-urgent medical procedures such as joint replacement surgeries. The aim of this study was to analyze the
impact of the COVID-19 associated shutdown on orthopedic patient care at a specialized orthopedic hospital located at the
epicenter of the COVID-19 pandemic.

Methods Patient volume of outpatient visits and joint replacement surgeries were analyzed and compared for 2019 and 2020.
The volumes were further aligned with the timeline of governmental and institutional COVID-19 associated restrictions.
Results The annual surgery volume was reduced by 20.2% in 2020 and did not make up for the reduction experienced during
the shutdown. The total number of patient visits decreased by 25.5% and new patient visits remained 25% lower at the end
of 2020. Patient care and surgery volume recovered with declining SARS-CoV-2-cases but did not return to levels prior to
the shutdown. During the second quarter of 2020, 28.5% of all patient visits were telehealth appointments. By the end of the
year it dropped to 7.6%. There was a shift towards patient appointments at outpatient satellite offices.

Conclusion Orthopedic providers faced a substantial disruption in outpatient and surgical volume. Telemedicine appoint-
ments were crucial for maintaining follow-up patient care and will be an important sector in future patient care. There has

been a major push to utilize satellite offices outside the city center.
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Introduction

As reaction to the skyrocketing numbers of SARS-CoV-2
positive cases in the US in early March 2020, the Centers
for Medicare & Medicaid Services (CMS) advised health
care facilities to postpone all non-urgent medical proce-
dures including elective surgeries [1]. Detailed guidelines
were provided by the American College of Surgeons (ACS)
on March 24th 2020 [2] and the delay of elective surger-
ies such as total joint replacements (TJR), was also encour-
aged by the American Academy of Orthopaedic Surgeons
(AAOS). Early in the pandemic, New York State faced high
numbers of confirmed COVID-19 cases and COVID-19-re-
lated deaths. Consequently, New York hospitals, including
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specialized orthopedic hospitals, stopped elective patient
care to prepare care units for the expected surge of COVID-
19 patients.

Once the COVID-19 situation had calmed down, health
care facilities aimed to restore patient care cautiously under
the guidance of the Governor and in compliance with pub-
lic health strategies. Strict step-by-step protocols for elec-
tive surgeries were established and comprised COVID-
19-screening-tools, mandatory COVID-19 testing before
admission and limited patient capacity to accommodate
physical distancing. Preference was given to high-urgency
procedures and low-risk patients. Reopening was strictly
subject to the local rates of infection, rates of COVID-
19-related hospital admissions and deaths, as well as the
availability of personnel and personnel protective equipment
(PPE) [3].

One way physicians adapted to the changing environ-
ment was by offering telehealth appointments [4, 5]. The
pandemic challenged healthcare facilities to quickly develop
telehealth platforms and consequently resulted in greater
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availability and broader acceptance of virtual healthcare
[6, 7]. Telemedicine offers decreased risk of exposure and
greater flexibility for patients and physicians.

A nationwide Medicare-based analysis reported an initial
drop in primary total joint replacements by 92-94% [8] and
according to a survey by the American Association of Hip
& Knee Surgeons (AAHKS) 70-90% of their questioned
members reported a decreased surgery volume [9].

The aim of this study was to quantify the impact of the
COVID-19 associated shutdown on orthopedic patient care
at the joint replacement service of a specialized orthopedic
hospital located at the epicenter of the COVID-19 pandemic.
The study assesses the reduction in surgical volume, office
visits and its impact on the utilization of telehealth care as
well as satellite offices outside the main hospital campus.

Materials and methods

This retrospective study was approved by the Institutional
Review Board (IRB). Daily volume data from 2019 and
2020, including hip and knee arthroplasty procedures, out-
patient visits, and imaging studies, were pulled and analyzed
from a universal electronic medical record system (EPIC)
at a single subspecialty orthopedic hospital. For a compari-
son of different time periods, each year was divided into
quarters.

Data analysis was performed in a descriptive manner.
The daily number of surgeries (primary and revision hip
and knee arthroplasty) was plotted against the number of
positive SARS-CoV-2 cases in New York State Area. These
numbers were obtained by the website of “The COVID-19
Tracking Project’ [10]. Additionally, the mean number of

Fig. 1 compares the average
number of surgeries performed
per weekday for each quarter 60-
between 2019 (light-grey)

and 2020 (dark-grey). The

daily surgical volume was
significantly reduced during

the second quarter of 2020
(9.5[1.0, 26.5] vs 38 [33,43];
p<0.01%) but not during the
first quarter (38 [31, 43.25] vs
36.5 [19.25, 42]; p=0.13), third
quarter (37 [29.5, 44] vs 37
[31,40.75]; p=0.69) and fourth
quarter (38.5 [32.25,44.75] vs
38 [29,42]; p=0.44)
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surgeries performed daily (weekend and public holidays
excluded) was determined for each quarter and then com-
pared between 2019 and 2020 using Mann—Whitney-U-test
as data distribution was non-parametric.

Outpatient visits were characterized by the type of visit
(new patient (NP) vs. follow-up (FU) visit, office visit vs.
telehealth appointment) and by the location of visit (on-
site =main hospital campus vs. satellite-sites = Uniondale/
Long Island, Westchester, Paramus, Stamford). Addition-
ally, we analyzed the number of imaging procedures (MRI,
CT, X-ray, ultrasound) and trends in location. To rule out
confounding factors, data stemming from surgeons that had
been working for less than 2 years (n=8) or were about to
retire (n=3) were removed. Furthermore, data for the imag-
ing procedures performed either during surgery or at the
preoperative holding area were excluded. All analyses were
performed in R (version 4.0.3) and Microsoft Office Excel.

Results
Surgical volume

In 2019, a total of 9.734 hip and knee arthroplasty proce-
dures were performed at the author’s institution. In 2020,
a total of 7.764 procedures were performed for a volume
reduction of 20.2%. In 2019, the median number of hip and
knee replacement surgeries performed per weekday (holi-
days and weekend excluded) was 38. Significantly less sur-
geries per weekday were performed during the second quar-
ter of 2020, in which the daily surgical volume was reduced
by 74.0% to nine surgeries per day (Fig. 1).
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It was not until the end of July that surgeries returned
to a level comparable to 2019. During the remaining year
of 2020, the volume increased, however did not exceed the
numbers of 2019. Though not significant, there was a slow
downward trend for the surgical volume by the end of 2020.
This may most likely be attributed to the onset of the second
infection wave, as mirrored by the re-rise of the curve of
SARS-CoV-2 positive cases starting October 2020 (Fig. 2).

Outpatient visits
Follow-up and new patient visits

Compared to the year before the COVID-19 pandemic, the
number of outpatient visits dropped by 25.5% from 44.526
to 33.177 (Table 1). The greatest difference was reported
for the second quarter, during the shutdown. During this
time period, only emergencies were treated. Fewer patient
visits were observed during the remaining year in 2020. The
shortfall of patient visits gradually recovered over time, but
numbers did not return to the previously maintained levels
of 2019. Follow-up visits had recovered better by the end of
2020, than new patient visits (Fig. 3).

Main hospital campus vs satellite sites

There was a push towards patient visits at satellite sites. In
2019, 86.2% of all patient visits took place at the main cam-
pus in Manhattan and 13.8% at one of the satellite locations
(Long Island, Westchester, Stamford, Paramus) (Table 2).
The number of outpatient visits at the main hospital campus

Table 1 Differences in new patient and follow-up visits in 2019 vs
2020

2019 2020 Difference in %
New patient visits 13,144 (29.5%) 9118 (27.5%) - 30.6
n (%)
Follow up visits 31,382 (70.5%) 24,059 (72.5%) —23.3
n (%)
Total 44,526 33,177 —-255

during 2020 decreased by more than a third, while the num-
ber of outpatient visits at satellite locations decreased by
only 3.1%. Orthopedic surgeons were limited to see their
patients once a week, with a limit of three patients per hour
and preference for physical visits was given to satellite
sites. 19.3% of all office visits after the shutdown occurred
at one of the satellite locations and the percentage of satel-
lite patient visits continued to increase towards the end of
2020 (Fig. 4).

Telemedicine

In 2019, there were only two telehealth appointments. In 2020,
this number increased substantially for new patient and follow-
up visits. 12.8% of all patient visits after the shutdown in 2020
were telehealth appointments and the demand for telemedi-
cine reached its peak in the weeks following the COVID-19
shutdown. A new telehealth platform was established by the
author’s institution and 28.5% of all visits during the second
quarter were virtually provided. The percentage of virtual

Fig.2 Number of surgeries performed (black line) plotted against
the daily increase in positive SARS-CoV-2-cases (dotted line). Left
y-axis is the scale for the number of surgeries, the right y-axis is the

scale for the daily increase in positive tested SARS-CoV-2-cases
in New York State Area. Number of surgeries decreased with the
increase of positive SARS-CoV-2 cases
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Fig.3 Number of follow-up (light-grey) and new patient visits (dark-
grey) performed at offices and using telehealth (dotted lines) over
time. Virtual visits were hardly established before the pandemic. Fol-

low-up visits recovered better than new patient visits. By the end of
2020, the number of new patient visits was by 25% lower than in the
previous year

Table 2 compares the
percentages of visits at the main

campus vs satellite sites vs
telehealth visits between 2019
and 2020

Main campus visits n (%)
Satellite site visits n (%)
Telemedicine visits

Total

2019 2020 Difference in %
38,390 (86.2%) 24,163 (72.8%) -37.1%

6134 (13.8%) 5947 (17.9%) -3.1%

2 (<0.01%) 3067 (9.3%) x 1534

44,526 33,177 —25.5%

patient visits stabilized around 7.6% by the end of the year
(Fig. 4).

Imaging procedures

The number of imaging procedures (X-rays, MRIs, CT scans,
ultrasounds) performed during 2020 reduced by 20.3% com-
pared to 2019. The number of imaging procedures performed
at satellite sites increased (Table 3). During 2020, the percent-
age of imaging examinations performed at one of the satellite
locations doubled and by the end of 2020, 10% of all imaging
procedures were performed at one of the satellite sites (Fig. 5).

Discussion
As a result of the COVID-19 shutdown in March 2020,

[1, 3] routine orthopedic patient care faced a substantial
disruption. Due to the elective nature of hip and knee
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replacement surgeries, the average number of surger-
ies performed per day at the author’s institution initially
decreased by 90% and remained at a lower level by the
end of 2020. A corresponding decrease was observed for
patient visits and the changing environment pushed the use
of telehealth platforms.

The initial drop in surgical procedures and patient care
in early spring 2020 resulted primarily from governmental
and institutional restrictions, and the controlled shutdown
of routine patient care to preserve resources for COVID-
19 and emergency patients. Health care facilities had to
adapt their workflows [6] and it took time until PPE and
COVID-19 testing was more widespread available to safely
resume non-emergent patient care [11]. A “return to nor-
mal” in non-emergent patient care required strict protocols
for COVID-19-screening and mandatory COVID-19 test-
ing. The author’s healthcare facility only operated at lim-
ited capacity and patient selection for surgery was based
on medical urgency and the overall health of patients [12].
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Fig.4 Columns portray the percentage of visits provided at the Man-
hattan Main Campus (dark-grey) vs. at satellite sites (grey) vs tel-
ehealth visits (light-grey) out of the total number of visits provided
during the respective quarter, for each quarter. Starting June 2020, the

Table 3 Imaging procedures performed at the main campus vs satel-
lite sites between 2019 and 2020

2019 2020 Difference
to 2019
(%)
Main campus 55,001 42,036 —-23.6
Satellite site 2581 3847 +49.1

It was not until the decline of the SARS-CoV-2 infec-
tion rate by the end of July 2020, that the volume of sur-
geries performed at the institution started to recover. Dur-
ing the summer months of 2020, surgical volume regained
a comparable level to the previous year, but that volume
could not be maintained towards the end of the year. A
full recovery was most likely suppressed by the resur-
gence of SARS-CoV-2-cases in late fall of 2020. These
numbers align well with previous reports. According to
the results of a Medicare-based analysis [8] and a survey
of the AAHKS [9], up to 90% of all members, that com-
pleted the survey, reported a substantial reduction of clinic
volume for orthopedic care between March and June as
well as a persistent reduction in surgery volume [9]. Our
data show that the shortfall of hip and knee replacement
surgeries was not followed by an excess in the number of
surgical procedures to make up for the deferred surgeries.
It is unclear if patients sought care in facilities closer to

7.1% 7.6%

28.5%

Telemedicine
m SaeliteSites

m Main Campus

number of visits at satellite sites continuously increased over time,
while the number of visits at the Main Campus remained at a lower
level. Virtual visits peaked after the shutdown and evened out around
7.6%

home, in less populated locations, or if there is a backlog
of patients who have yet to seek care.

This leaves orthopedic facilities with the potential of a
massive backlog and loss of projected revenue [8]. Based on
Medicare data, the loss of revenue for the 2 weeks after the
shutdown, was estimated to be $236 million. Jain et al. [13]
tried to quantify the backlog for total joint replacement sur-
geries based on the National Inpatient Sample (NIS) of the
Agency for Healthcare Research and Quality (AHRQ) [14].
Their scenario assumed that it would take seven months to
regain 90% of the previously maintained surgery volume, if
surgery numbers had been reconstituted by June 2020.

A recent study investigated patient’s quality of life while
waiting for joint replacement surgery during the COVID-19
pandemic [15]. Almost a third of THA patients and a quar-
ter of the TKA patients consider their state of wellbeing as
worse than death while waiting for a joint replacement [15].
At the same time, patients may be hesitant to seek medical
care to the usual extent out of fear to infect themselves [16].
The fact that new patient visits did not recover to the same
extent as follow-up visits did, underlines patient’s hesitancy
to consider establishing care and surgeries during the later
time in 2020 [17]. To ensure continued patient care, efforts
were made to provide virtual health care.

There was a surge in telemedicine appointments after
March 2020 [7, 18]. At the author’s institution a HIPAA-
compliant telehealth platform was integrated into the
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Fig.5 Columns portray the percentage of imaging procedures performed at the Manhattan Main Campus (dark-grey) vs satellite sites (light-
grey). Over time, the percentage of imaging procedures performed at satellite sites increase

electronic health record system, which allowed video calls
as well as accurate documentation, and billing of virtual
visits. Patients are also able to reach healthcare personnel
through a chat function. The current data show that avail-
ability of telemedicine was essential for mitigating the dis-
ruption of patient care. A recent study by Puzzitiello et al.
[19] evaluated patients’ perception and accessibility on
orthopedic telehealth services. 85% considered telehealth
appointments as appealing and only 36% percent preferred
office visits over virtual visits [19]. Patients especially
favor the time saving aspect. Nonetheless, despite great
technologic advancement, our data show that the utili-
zation of telemedicine has stagnated towards the end of
the year. Clinical examinations and injections are a vital
part for orthopedic patient care and therefore limitations
remain to telehealth care. Detailed virtual examination
protocols have been published [5], but in the survey by
Puzzitiello et al. [19] about 81% were concerned with
the lack of physical examination. Additionally, telehealth
platforms must be user-friendly and not all patients have
access to or are familiar with digital devices. According to
the survey of Puzzitiello et al., only 8.5% of the consulted
population was over 60 years old. One can therefore pre-
sume that most patients were capable to use digital devices
and overall healthier [19]. Lam et al. [20] reported that
72% of the elderly are unready for the use of telemedicine
because of impaired vision or hearing disability. Virtual
patient care may play a bigger role for the younger patient
population, as well as for FU appointments more than for
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new patient visits, as mutual trust between the attending
physician and the patient has already been created. Fur-
thermore, there are other innovative platforms that play a
growing role and allow remote patient monitoring easily.
One of the authors has his patients report on pain, ROM,
walking ability and other measurable outcomes daily and
is thereby constantly aware of the postoperative rehabilita-
tion progress, or the lack thereof. Remote patient monitor-
ing is a growing topic and if patients are doing well after
surgery, remote monitoring will help physicians decide
whether an in-person FU visit is necessary.

Outpatient centers for surgical procedures have already
become more common over the last several years and one
can expect the outpatient sector to grow further. There was
a push towards satellite sites for patient visits observed.
In 2020, primary total knee and hip arthroplasties were
removed from the “inpatient-only” list [21] as improved
care for patients receiving joint replacement surgery has
enabled the emergence of same-day-surgeries and outpa-
tient arthroplasties [22]. This may help to make up for the
expected backlog in orthopedic surgeries but will require
appropriate efforts in resource (re-)allocation, uniform
patient care protocols, patient selection criteria and ambu-
latory aftercare for surgical patients [23].

The current study has following limitations: (1) the data
do not extend beyond the end of 2020 and cannot fore-
see if lost volume will be recovered in 2022. Assessing
the impact of the COVID vaccine rollout in the United
Sates will be of great interest at a later stage (2) this study
only includes providers on EPIC and does not provide
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information for all surgeons on staff at Hospital for Spe-
cial Surgery.

Conclusion

Orthopedic patient care faced a substantial disruption and
the shortfall in surgeries and outpatient visits was not fully
made up, potentially leaving a significant backlog at the end
of 2020. While it appears that the increased utilization of off-
site satellite offices will continue throughout 2022, the role
of telehealth appointments has decreased in the second half
of 2020. Nonetheless, telehealth and remote patient monitor-
ing is a growing sector and health care facilities will have
to invest into its use to keep up with up-to-date patient care
on the long term.
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