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The Effect of COVID-19 on Cardiac Surgical
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Projected lost surgical cases (blue bars) and hospital
revenue (orange circles).

Central Message

'The COVID-19 pandemic significantly

decreased cardiac operative volume across the

country. Our center underwent a fast recovery,

but an nationally estimated substantial decrease

in hospital revenue and case backlog occurred.

Perspective Statement

The effects of COVID-19 on the health care

system are profound. As cardiothoracic surgery

is a top earner for hospital systems, decreases
The COVID-19 pandemic significantly affected health care and in particular
surgical volume. However, no data surrounding lost hospital revenue due to
decreased cardiac surgical volume have been reported. The National Inpa-
tient Sample database was used with decreases in cardiac surgery at a sin-
gle center to generate a national estimate of decreased cardiac operative
volume. Hospital charges and provided charge to cost ratios were used to
create estimates of lost hospital revenue, adjusted for 2020 dollars. The
COVID period was defined as January to May of 2020. A Gompertz function
was used to model cardiac volume growth to pre-COVID levels. Single cen-
ter cardiac case demographics were internally compared during January to
May for 2019 and 2020 to create an estimate of volume reduction due to
COVID. The maximum decrease in cardiac surgical volume was 28.3%.
Cumulative case volume and hospital revenue loss during the COVID
months as well as the recovery period totaled over 35 thousand cases and
2.5 billion dollars. Institutionally, patients during COVID months were youn-
ger, more frequently undergoing a CABG procedure, and had a longer length
of stay. The pandemic caused a significant decrease in cardiac surgical vol-
ume and a subsequent decrease in hospital revenue. This data can be used
to address the accumulated surgical backlog and programmatic changes
for future occurrences.
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institutional and published decreased cardiac

surgery volume with the goal of ameliorating

current and future pandemic effects.

Table 1. List of Clinical Classification Software Numbers Used

Clinical
Classification
Number

Procedure Category

43 Heart Valve Procedures
44 Coronary Artery Bypass Graft
49 Other Operating Room Heart Procedure
50 Extra Corporeal Circulation Auxiliary to Open

Heart Procedures
52 Aortic Resection; replacement or

anastomosis
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INTRODUCTION
The COVID-19 pandemic has wrought unprecedented dis-

turbances throughout society, not just in the United States but
globally.1,2 From layoffs, city shutdowns, economic turmoil,
and loss of life, almost no facet of society is untouched, and
health care is no exception.3 The effects on health care have
been variable. While the volume of some services and elective
procedures has decreased,4,5 there has been an inundation of
patients in other areas, such as the intensive care unit.6-8 While
surgery as a whole has been affected, various specialties have
had different experiences with changes to case volume-based
primarily on the urgency of the surgery required. This realloca-
tion shift and eventual return to pre-pandemic protocols for
patient care will continue to impact hospitals, surgeons, and
patients significantly.

The American Hospital Association estimated a loss of more
than 160 billion dollars from all canceled surgeries and other
services between March and June of 2020 due to COVID.9 As
cardiothoracic operations are routinely high charging proce-
dures for hospitals,10,11 a decrease in case volume is likely to
reduce hospital revenue significantly. In a recent survey of car-
diothoracic surgery program directors and their response to
COVID-19, over 95% of respondents reported canceling elec-
tive and nonurgent operations, with a further 33% restricting
urgent operations during the peak of the pandemic.12 In
another survey, with 502 cardiac surgeons responding, 81%
indicated that only urgent and emergent cases were scheduled,
with 76% reporting a greater than 50% decrease in surgery vol-
ume.13 In this paper, we sought to use our institution's change
in cardiac surgery volume, representative of a large volume aca-
demic center, and the National Inpatient Sample (NIS) data-
base to estimate the nationwide effect of COVID-19 on
hospital volume and the associated lost hospital revenue.

METHODS

Patient Population and Baseline Variables
The National Inpatient Sample Database (NIS) is a prospec-

tively maintained database created by the Health Care Cost and
Utilization Project. This database is drawn from all states and
covers over 97% of the US population. The data given is a 20%
stratified sample of all discharges with provided weights to esti-
mate the national population. Furthermore, the NIS includes
ICD 9 and 10 codes of the diagnosis and procedures performed
for each patient and the hospital charges for each stay. The NIS
was filtered for all patients with hospital stays between 2004
and 2017 who underwent cardiac surgery. The procedure-
related Clinical Classifications Software (CCS) numbers used
to screen for cardiac surgery cases are outlined in Table 1. The
CCS aggregates ICD 9 and 10 codes to useful groupings for
broader categories of operations, facilitating a constant com-
parison between ICD 9 and 10 codes. These patients were
stratified by month and year of their hospital stay. All hospital
charges were adjusted to 2020 dollars using each year's gross
domestic product.14 The NIS provides event level weights
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which were applied to generate national estimates of volume
and charges. Additionally, hospital level charge-to-cost ratios
were provided by the database and used to convert hospital
charges to hospital costs. It is important to clarify that hospital
costs are a better estimate of the revenue a hospital would
receive for a patient stay. As such, changes in the hospital cost
due to COVID can be considered lost revenue, which will be
addressed as such from here on. Additionally, our institutional
Society of Thoracic Surgery Database was utilized to analyze
cases between January and May of 2019 and 2020 to compare
baseline features and outcomes. During COVID peak weeks in
the state of Pennsylvania, all elective cases at our institutions
were carefully scrutinized and only urgent and emergent cases
were performed. Most patients undergoing elective surgery for
coronary, valvular or aortic disease were reviewed by 2 sur-
geons to ensure that the risk of watchful waiting exceeded risk
of contracting COVID-19 while an inpatient during surgery
and hospitalization. Moreover, every patient was tested for
COVID-19 prior to elective or urgent surgery IRB approval was
waived for this project.

Statistical Methods
The NIS data was available through 2017, and thus the case

volume and hospital charges were projected to 2020. Linear
regression was carried on cardiac surgery volume and hospital
charges using the month as the dependent variable. The result-
ing regression equation was used to estimate the 2020 COVID-
19 period for the months January to May. Our institutional vol-
ume from January to May was compared to the previous year's
(2019) to estimate volume loss. Each month of both years was
compared as a percentage of our average monthly institutional
volume across 2019, increasing the comparison's robustness.
The subsequent change in the percentages was treated as a
change in volume. This percentage loss was then applied to the
monthly case and revenue projections from the linear regres-
sion and summed over this period to create cumulative loss
oracic and Cardiovascular Surgery � Volume 00, Number 00



Figure 1. Single center volume decrease due to COVID was extrapolated to the nation using a national database. While the single
center experience showed a rapid recovery, the possible national effect was a substantial amount of backlogged surgical cases
with significant lost hospital revenue. (Color version of figure is available online at http://www.semthorcardiovascsurg.com.)
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estimates (Fig. 1). In short, NIS data was used to create projec-
tions for expected cardiac surgery volume and revenue in
2020. Our institutional volume experience decreased in 2020
when compared to 2019 served as a percentage change due to
COVID that was then projected onto the national estimates,
resulting in a national decrease due to COVID. A Gompertz
function, a growth model, was fit to our institution's data
Seminars in Thoracic and Cardiovascular Surgery � Volume 00
starting in May and ending in June, which is when our hospital
volume returned to normal.

Institution cases were compared with those in 2019 rep-
resenting the control cases. Categorial and continuous var-
iables were analyzed with Chi Squared and Student’s t-test
respectively. R (4.0.0 ‘Arbor Day’) was utilized for the
analysis.
, Number 00 3
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Table 2. Institutional Case Volume Demographics

Variable Pre-COVID COVID p-value

Number of Cases 976 551 -
Age 67.38 § 12.98 64.65 § 11.82 <0.001
Female 331 (33.9%) 157 (28.5%) 0.034
BMI 30.07 § 6.85 30.18 § 6.74 0.758
STS PROM 2.15 § 2.98 2.18 § 3.64 0.893
Operative Cases <0.001

Aortic Root 33 (3.4%) 16 (2.9%)
CABG 529 (54.2%) 357 (64.8%)
Valve 186 (19.1%) 122 (22.1%)
Other 228 (23.4%) 56 (10.2%)

Surgical Status 0.113
Elective 587 (60.1%) 304 (55.2%)
Urgent 341 (34.9%) 214 (38.8%)
Emergent 45 (4.6%) 33 (6.0%)
Salvage 3 (0.3%) 0 (0.0%)

Length of Stay 9.47 § 9.45 10.52 § 10.10 0.044
30-d Mortality 30 (3.1%) 24 (4.4%) 0.247

Variables are presented as count (frequency) and mean (standard devi-
ation) for categorical and continuous variables respectively.
BMI, body mass index; CABG, coronary artery bypass grafting; STS
PROM, society of thoracic surgery predicted risk of mortality.
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RESULTS
A total of 976 cases were done between January and May in

2019 and 551 cases were done during the same months in
2020 (Table 2). Patients were younger (67 vs 64, p < 0.001)
and more frequently male (66.1% vs 71.5%, p < 0.001) during
COVID months. Patient BMI was not statistically different and
patients had similar STS predicted risk of mortality between
the pre-COVID and COVID months. There was an increase in
the number of CABG procedures (54.2% vs 64.8%, p < 0.001)
whereas the frequency of elective procedures did not differ
between cohorts. The length of stay was longer during COVID
(9.5 vs 10.5 days, p = 0.044) and 30-day mortality was similar
(3.1% vs 4.4%, p = 0.247) between cohorts.

The linear regression for case volume and hospital revenue is
presented in Figure 2. Projected hospital volume remained rel-
atively unchanged over time with a regression slope of 1.68, an
intercept of 41,597, and an R2 of 0.0009. Projected hospital
revenue was also relatively stable over the study period, with a
slope of -0.0005, an intercept of 3, and an R2 of 0.0002 (note
units are in billions of dollars). Projected national hospital vol-
ume slightly increased from 41,922 cases in January to 41,929
cases in May (Table 3). Projected hospital revenue marginally
Figure 2. Linear Regressions for Surgery Volume and Hospital Revenue. (A) Regression on cardiac surgery volume on a monthly
scale. The red dotted line indicates the regression line. (B) Regression on hospital revenue on a monthly scale. The red dotted line
indicated the regression line. (Color version of figure is available online at http://www.semthorcardiovascsurg.com.)
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Table 3. Projected National Hospital Volume and Revenue Pre and Post COVID

Pre-COVID COVID

Month Hospital Volume Hospital Revenue (Billions) Hospital Volume Hospital Revenue (Billions)

January 41,921.9 2.9895 33,868.5 2.4152
February 41,923.6 2.9894 37,364.9 2.6643
March 41,925.3 2.9893 39,341.9 2.8051
April 41,927.0 2.9893 37,367.9 2.6642
May 41,928.7 2.9892 30,074.5 2.1441
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decreased from 2.9895 billion to 2.9892 billion. Note that
there is not an R2 for the recovery function. This is because the
resolution of our institutional data is month to month and
since the recovery occurred over a month, we only have the
start and end of the recovery model. There are no datapoints of
the dynamic between these 2 points, not allowing for a calcula-
tion of a R2.

Institutional, and thus nationwide, decreases in cases and
subsequent revenue were -19.2%, -10.9%, -6.2%, -10.9%, and
-28.3% for months January through May respectively (Fig. 3).
This translated into decreased national hospital volume of
33,868.5, 37,364.9, 39,341.9, 37,367.9, and 30,074.5 respec-
tively (Table 3). Similarly, the reduced hospital revenue were
2.4, 2.7, 2.8, 2.7, and 2.1 billion dollars, respectively. The
Gompertz function modeled recovery from May and June and
found a growth coefficient of 0.125. From January through
June, when full recovery occurred, lost hospital volume and
revenue increased, reaching a maximum of 35,705 cases and
2.55 billion dollars in hospital revenue (Fig. 4).
Figure 3. Case Volume Plot. Case volume is plotted from January to
(green circles) are shown for each month. The expected values are
institutional experience applied to the projected case values. The G
the May and June data points. (Color version of figure is available o
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It is important to place these results in the context of other
findings, such as a recent survey which places the overall
decrease in cardiac surgery volume to between 45%15 and
47%16 of pre-COVID levels, potentially resulting in 125 thou-
sand lost cases totaling 8.9 billion in lost hospital revenue.
DISCUSSION
In this manuscript, we used our institutional data in con-

junction with the National Inpatient Sample database to esti-
mate the effect of COVID-19 on cardiac surgery cases and
hospital revenue in the United States. There are 3 main find-
ings of this paper: (1) the overall NIS projections show a steady
cardiac surgery volume over time without dramatic increases or
decreases in volume along with stable hospital revenue, (2) a
significant estimated amount of national hospital revenue was
lost due to COVID-19, and (3) recovery from the effects of the
pandemic was rapid at a single institution. However, despite
the rapid recovery, the case and charge loss's full effect will
take time to realize.
June 2020. Decreased volume (red diamonds) and expected
projections from the NIS data and the decreased volume is the
ompertz recovery function (solid green) was modeled between
nline at http://www.semthorcardiovascsurg.com.)
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Figure 4. Cumulative Lost Cases and Revenue. Lost surgical cases (blue bars) and hospital revenue (orange circles) are plotted to sum-
marize the current and all preceding months. (Color version of figure is available online at http://www.semthorcardiovascsurg.com.)
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The relatively unchanged volume of national cardiac surgery
cases from 2004-2017 is in slight disagreement with the Soci-
ety of Thoracic Surgeon's (STS) 2018 report, which reported
an overall increase in procedure volume from 2006 to 2014.17

This can be explained by the difference in data acquisition and
sampling. The NIS contains hospital-level data on discharge
with a 20% sampling. The STS Adult Cardiac Database com-
prises surgeon-level data, is independent of the hospital, and
does not subsample. Moreover, through CCS codes, the
included procedures may be broader than the subsets reported
by the STS. Finally, some of the less standard procedures such
as intracardiac masses, isolated MAZE, hybrid procedures,
ECMO were likely not accounted for in this analysis.

After adjusting for inflation rates, national hospital revenue
was relatively unchanged over the study period. Two main fac-
tors of national hospital revenue for procedures are postopera-
tive complications as well as the use of new technology. While
operative complications have been implicated in increasing
revenue of hospital stay,18,19 their incidence has been low and
without an increase for frequently performed operations in this
period,17,20 which would result in decreased revenue. On the
other end of the spectrum, cardiac surgery is intimately con-
nected with technology, readily adopting advances in devices.
These advancements, however, typically carry an increased
cost.21,22 Yet, this increased cost may be upfront and not indic-
ative of complications, as some studies show that transcatheter
aortic valve patients have a shorter length of stay compared
with surgical aortic valve patients.23 This is of relevance given
6 Seminars in Th
the recent surge in endovascular devices to treat aortic stenosis
and aortic dissection. All these competing factors obfuscate
what an expected trend of hospital revenue would look like. A
final variable that significantly affects revenue prediction is hos-
pital variability in charges and revenue,24,25 which can cause
biases in a subsampled dataset. Nevertheless, the national esti-
mated lost revenue is substantial, and it is promising that car-
diac surgery volume was able to recover quickly.

The Gompertz function is used to model growth in numer-
ous situations, including tumor growth, virus spreading, recov-
ery, and can be applied to hospital volume.26-29 Recovery at
our institution occurred over a month, with 99% of maximal
capacity being estimated at 23 days. This is in stark contrast to
a study done by Jain et al., which used Gompertz functions to
estimate the recovery time in elective orthopedic surgery.28

They did not benefit from a known end point for recovery and
opted for Monte Carlo simulations over 3 model growth rates,
resulting in estimated recovery times between 7 and 16
months. There are 2 key points to address to put this finding
in the proper context. First, there is a substantial difference in
estimated pre-COVID case numbers, 170,000 and 41,000
monthly cases for elective orthopedic and all cardiac surgery,
respectively. Secondly, cardiac surgery patients likely have
increased comorbidities than an elective orthopedic popula-
tion, necessitating a more immediate intervention and differing
rates of elective, urgent, and emergent procedures. This differ-
ence in the nature of the cases is easily understood when com-
paring the lowest hospital volumes of 3% in orthopedic
oracic and Cardiovascular Surgery � Volume 00, Number 00

http://www.semthorcardiovascsurg.com


ADULT � Original Submission
surgical patients and 71.7% for the cardiac surgery cohort. The
higher projected volume with a larger percentage of lost cases
in orthopedic surgery leads to the longer recovery time seen in
the elective orthopedic cohort. This illustrates how COVID-19
can disproportionately affect surgical specialties and is a crucial
consideration for departments and hospitals developing
response plans and projecting future productivity. While car-
diac surgery did not have as severe a reduction in volume as
others,28,30,31 the lost potential revenue was substantial, amass-
ing an estimated greater than 2 billion dollars in lost hospital
revenue.

The estimates provided here can be considered conservative.
While the lowest volume seen at our institution was 72.7% of
pre-COVID levels, this level of decrease may not apply to all
hospitals. In fact, recent national estimates have placed the
overall decrease in cardiac surgery volume to between 45%15

and 47%16 of pre-COVID levels. The reason for this discrep-
ancy is that COVID infection cases differed dramatically
between states. As COVID and hospital policy was enacted on
a state and hospital levels, differences in COVID volume (both
duration and magnitude) would likely affect hospital surgical
volume, leading to inter-hospital variability. Indeed, a recent
study by Ad et al.15 showed an extensive range of decreases in
cardiac surgical volumes between regions of the US. Using the
national-level estimates from these publications, we can gener-
ate ranges of volume and revenue loss. Despite the differing
degrees of decreased volume, our institutional trends mirror
what was seen in cardiac surgery centers, with an increasing
proportion of CABG procedures15 and an increased length of
stay.32 However, it is likely that the COVID burden in our car-
diac surgery population was minimal given the similar 30-day
mortality compared to the previous year, and the lower 30-day
mortality compared to other centers.15,33 Using the most sig-
nificant national decrease15 in cardiac surgery case volume
(45%), the range of lost hospital cases is 37,505�125,000,
with an accompanying hospital revenue loss of 2.55�8.9 bil-
lion.

Limitations
The most significant limitation in this study is the use of a

single center extrapolated to the nation. While this institution's
experience is of a large volume academic center, there could be
differences between such centers, their proportion of elective
and urgent/emergent cases, and their changes in volumes
throughout, thus biasing our results. This is of particular
importance as the COVID-19 policy was enacted on a state-by-
state basis. Moreover, different institutions could have different
recovery dynamics that my not be governed by the Gompertz
growth function used or by a generalized Gompertz growth
function at all. This would result in biases for the lost cases and
revenue during the recovery period. This is also likely true in
that our relatively unchanged elective surgery volume was not
typical of the national trend, which would make the estimates
presented here conservative in nature. Additionally, we did not
have access to our institutional change in costs which can bias
Seminars in Thoracic and Cardiovascular Surgery � Volume 00
the results. The second limitation is that the reduction in sur-
gery was assumed to be proportional among all procedures. It
is possible that some cases were affected more than others,
which could influence the actual reduction in charges and reve-
nue as different cardiac surgery operations will have differing
associated economic burdens. Additionally, there are inherent
limitations in using the NIS database and CCS coding, which
may not capture the complete volume or heterogeneity in car-
diac surgery volume as well as the fact that the data was pro-
jected to make estimates for expected 2020 volume, potentially
adding bias. Another point to emphasize is the difference in
volume trends from the NIS and the national STS data, with
the STS data showing a larger increase. This would further
make these estimates conservative. Lastly, clinical classification
software may not capture the full spectrum of cardiac surgery.
CONCLUSION
Using our institutional cardiac surgery case volume in paral-

lel with a nationwide database, we estimated the cardiac surgi-
cal case volume and hospital charge loss associated with the
COVID-19 pandemic. There was a significant estimated reduc-
tion in national case volume, national loss of hospital revenue,
and the cumulative backlog of patients. However, there was an
expedient return to baseline case volume at our institution
which could extend to other institutions. Despite the rapid
recovery, the question remains as to how to address this back-
log of patients. While a subset has pathology that allows them
to await intervention safely, others may transition from an elec-
tive situation to an urgent one, likely carrying increased mor-
bidity and mortality along with an increased cost to the
hospital system. It will be up to hospital leadership to develop
plans to develop strategies to address this backlog and react to
any future loss in case volume.
WEBCAST
To view the Webcast of this AATS 101st Annual Meeting

presentation see the URL below: Webcast URL: https://aats.
blob.core.windows.net/media/21%20AM/AM21_A17/
AM21_A17_01.mp4.
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