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BACKGROUND COVID-19 has changed the world as we know it, and the United States continues to accumulate the
largest number of COVID-related deaths worldwide. There exists a paucity of data regarding the effect of COVID-19 on
adult cardiac surgery trends and outcomes on regional and national levels.

METHODS The Society of Thoracic Surgeons Adult Cardiac Surgery Database was queried from January 1, 2018, to
June 30, 2020. The Johns Hopkins COVID-19 database was queried from February 1, 2020, to January 1, 2021. Surgical
and COVID-19 volumes, trends, and outcomes were analyzed on a national and regional level. Observed-to-expected
ratios were used to analyze risk-adjustable mortality.

RESULTS The study analyzed 717103 adult cardiac surgery patients and more than 20 million COVID-19 patients.
Nationally, there was a 52.7% reduction in adult cardiac surgery volume and a 65.5% reduction in elective cases. The
Mid-Atlantic region was most affected by the first COVID-19 surge, with 69.7% reduction in overall case volume and
80.0% reduction in elective cases. In the Mid-Atlantic and New England regions, the observed-to-expected mortality for
isolated coronary bypass increased as much as 1.48 times (148% increase) pre-COVID rates. After the first COVID-19
surge, nationwide cardiac surgical case volumes did not return to baseline, indicating a COVID-19-associated deficit
of cardiac surgery patients.

CONCLUSIONS This large analysis of COVID-19-related impact on adult cardiac surgery volume, trends, and outcomes
found that during the pandemic, cardiac surgery volume suffered dramatically, particularly in the Mid-Atlantic and New
England regions during the first COVID-19 surge, with a concurrent increase in observed-to-expected 30-day mortality.
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On March 11, 2020, COVID-19 was recognized by the
World Health Organization as a global pandemic, and
as of January 2021, the United States (US) has had
more reported cases than any other nation.” Despite
shelter-in-place and physical distancing mandates, hos-
pitals were initially overwhelmed with a massive influx
of patients with COVID-19, requiring dramatic changes
to resource allocation, redeployment of staff, operative
volumes, and infection mitigation strategies.>* Despite
improvements in our understanding of COVID-19 patho-
physiology and the utility of early steroids, remdesivir,
and/or mechanical circulatory support, many questions
remain unanswered.”® Previous reports have demon-
strated significant morbidity and mortality risk for pa-
tients requiring elective or emergent operations who
are diagnosed with COVID-19, regardless of preoperative
or postoperative COVID-19 contraction.'® Thoracic sur-
gery patients represented a minority of this previously
reported cohort, and data specific to adult cardiac sur-
gery patients with COVID-19 are limited to case series,
with a relative paucity of larger scale reports." "

Using the Society of Thoracic Surgeons (STS) Adult
Cardiac Surgery Database (ACSD), we conducted the
study with the goal to better understand the impact of
COVID-19 on adult cardiac surgery volumes, trends, and
the influence of the COVID-19 surge on risk-adjusted
mortality on a national and regional scale.

PATIENTS AND METHODS

PATIENT POPULATION. We used data from the STS ACSD
to examined patients undergoing cardiac operations
from January 1, 2018, to June 30, 2020. Cardiac surgery
patients were grouped into pre-COVID, early COVID,
and COVID-storm groups to examine demographic
differences, while highlighting potentially unique
factors among those operated on during the first
COVID-19 case surge. When examining overall surgical
volume trends, we considered all operations, with
additional stratified reporting based on case status as
elective or nonelective (urgent, emergent, or emergent
salvage cases). As defined by the STS, urgent
procedures represent those required during the same
hospitalization to prevent further clinical deterioration,
emergent procedures involve patients with refractory or
ongoing cardiac compromise not responsive to any
therapy other than cardiac surgery, and emergent salvage
procedures include patients undergoing cardiopulmonary
resuscitation or extracorporeal membrane oxygenation
(ECMO) to sustain life."* Patients undergoing procedures
at STS reporting sites outside the US were excluded.
Preoperative variables and postoperative outcome
definitions included those provided by the STS, as
previously defined.'”* Our primary research goals were
to examine adult cardiac surgery temporal volume
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trends before, during, and after the first COVID-19 peak
on national and regional levels as well as to examine
any association of COVID-19 surges on short-term
mortality, both nationally and in regions that were
disproportionately affected by COVID-19.

COVID-19 data were downloaded from the data re-
pository for the 2019 Novel Coronavirus Visual Dash-
board operated by the Johns Hopkins University Center
for Systems Science and Engineering (JHU CSSE)* at
https://github.com/CSSEGISandData/COVID-19. All US
confirmed COVID-19 cases from January 22, 2020, to
January 30, 2021, were included in the study. These data
were used to plot COVID-19 cases against cardiac surgi-
cal case volume over time.

STATISTICAL ANALYSIS. Univariate tests for categorical
variables were conducted using the > or Fisher exact
test, and continuous variables were compared using the
Student t test or Mann-Whitney U test based on
distributional assumptions. All calculations analyses
were performed using R software (R Foundation for
Statistical Computing)."

Cardiac surgical volume trends were analyzed based
on monthly volume, and COVID-19 cases were ascer-
tained in weekly volumes to allow sufficient granularity
for analysis and reporting. When calculating observed-to-
expected (O/E) mortality ratios, only operations with STS
risk models were considered: (1) isolated coronary artery
bypass grafting (CABG), (2) isolated aortic valve replace-
ment (AVR), (3) isolated mitral valve replacement (MVR),
(4) AVR + CABG, (5) MVR + CABG, (6) isolated mitral valve
repair (MV repair), and (7) MV repair + CABG. Risk-
adjusted mortality is reported for these procedures, as
previously described.'®'” As a form of risk-adjustment of
the 30-day mortality primary outcome trends (pre- and
post-COVID), we calculated the monthly O/E mortality
ratios considering (1) all 7 procedures with available STS
risk models combined and (2) isolated CABG cases only.
Given the time frame of this analysis, the volume and
outcome comparisons in the US were stratified to early
affected regions (New England and Mid-Atlantic) vs all
other US regions that were most affected at a later time.

RESULTS

PATIENT POPULATION. From January 1, 2018, to June 30,
2020, 717103 adult cardiac surgery patients were isolated
in the STS ACSD (299 645 in 2018, 299 310 in 2019, and
118 148 in the first half of 2020). This included 547 605
adult cardiac surgery patients undergoing one of the
previously listed procedures for which STS risk models
exist (230 351 in 2018, 228 544 in 2019, and 88 710 in the
first half of 2020). Among all cases, 356 714 (49.7%) were
classified as elective (150 725 in 2018, 150 685 in 2019,
and 55 304 in the first half of 2020), and the remainder
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FIGURE 1 United States map demonstrates the 9 The Society of Thoracic Surgeons regions and their respective contri-

New England
(4.8%)
areat Middle
lefies Atlantic
{17:8%) (13.5%)
East South
Central
(7.9%) South Atlantic
(21.1%)

were collectively classified as nonelective (urgent,
emergent, and emergent salvage).

The Table lists demographic and preoperative char-
acteristics of our study cohort. Regional contributions
from the 9 STS regions to the overall study cohort are
shown in Figure 1, with the South Atlantic (21.1%) and
Great Lakes (17.4%) regions contributing the most pa-
tients during the study period. All confirmed US COVID-
19 cases in the Johns Hopkins CSSE from 22 January 22,
2020, to January 30, 2021, were included, which totaled
more than 20 million patients.
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FIGURE 2 Case decline in the United States (US) with overlayed
number of new regional COVID-19 cases during the same time
frame.
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NATIONAL CARDIAC SURGERY VOLUME TRENDS. National
cardiac surgery volume trends for all cases during the
study period are plotted in Figure 2, together with COVID-
19 case volumes. April represented a nadir in cardiac
surgical case volumes, which coincided with the first US
COVID-19 surge. The nationwide monthly overall cardiac
case average for January 2018 to December 2019 was 24
956, compared with 11 803 cases nationwide in April
2020, representing a 52.7% overall case reduction. This
included a 65.5% reduction in elective cases (12 559
average for January 2018 through December 2019 vs
4327 in April 2020), and a 39.7% reduction in nonelective
cases (12 397 average for January 2018-December 2019 vs
7476 in April 2020). When considering only the
previously listed 7 operations for which STS risk-
adjustment models exist, these procedures sustained a
53.8% reduction in volume (19 120 average for January
2018-December 2019 vs 8836 in April 2020). Isolated
CABG, which represents the most commonly performed
operation in the STS ACSD, experienced a 51.2%
reduction (13 360 average for January 2018-December
2019 vs 6517 in April 2020) overall. Isolated valve cases
(including AVR, MVR, or MV repair) sustained a 62.2%
reduction (3871 average for January 2018-December 2019
vs 1464 in April 2020) in volume nationwide.
Nationwide case volumes returned to 87.2% of baseline
(24 956 average for January 2018-December 2019 vs 21
759 in June 2020) after the first nadir.

NATIONAL AND REGIONAL COVID-19 TRENDS. An exami-
nation of the geographic variability of the first COVID-19
surge in the US found highly variable rates of new

COVID-19 cases across the 9 STS regions, as
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demonstrated in Figure 3, with the Mid-Atlantic and New
England regions accruing the first and second most
COVID-19 cases, respectively, during the first COVID-19
surge. While the Mid-Atlantic and New England regions
were most heavily affected by early COVID-19 cases,
each of the 9 STS regions experienced its own unique
COVID-19 case trends, as demonstrated in Figure 4. Any
regional deviation above the national COVID-19 case
rate represents a regional surge compared with the
national COVID-19 case rate at a given time.

REGIONAL CARDIAC SURGERY VOLUME TRENDS. Regional
cardiac surgery case volumes during the first COVID-19
surge were compared with mean regional case volumes
of the respective months in previous years, as plotted
in Figure 5, demonstrating the greatest reduction in
regional surgical case volumes in the Mid-Atlantic and
New England regions. Given that the Mid-Atlantic
region was impacted with both the highest number of
COVID-19 cases during the first surge in the US as well
as the greatest relative reduction in cardiac surgical
case volumes, this region was chosen for a regional
subgroup analysis of cardiac volume trends during the
early COVID-19 pandemic.

The Mid-Atlantic monthly cardiac surgical case
average for January 2018 through December 2019 was
3430 cases compared with 1040 cases in April 2020,
representing a 69.7% overall case reduction. This
included a reduction in elective cases by 80.0% (1668
average for January 2018-December 2019 vs 333 in April
2020) and a reduction in nonelective cases by 59.8%
(1762 average for January 2018-December 2019 vs 707 in
April 2020) (Figure 6). The 7 operations for which STS
risk-adjustment models exist underwent a 69.7% reduc-
tion in volume (2505 average for January 2018-December
2019 vs 759 in April 2020), including a 68.5% reduction
(1625 average for January 2018-December 2019 vs 512 in
April 2020) in isolated CABG and a 73.6% reduction (602
average for January 2018-December 2019 vs 159 in April
2020) in isolated valve case volumes in the region.
Regional cardiac surgery case volumes returned to 83.5%
of baseline (3430 average for January 2018-December
2019 vs 2865 in June 2020) after the first nadir.

CARDIAC SURGICAL OUTCOMES. Figure 7A shows the 30-
day mortality O/E ratio for all 7 STS risk-adjustable
procedures in the Mid-Atlantic and New England
regions vs all other US regions. The average mortality
O/E ratio increased from a pre-COVID-19 (January and
February 2020) of 0.66 to a high of 1.16 during April
2020 (peak of COVID-19 in those regions). This
represented a 75% increase in the mortality O/E ratio
in the Mid-Atlantic and New England, the 2 regions
most affected by the first COVID-19 surge. When the
isolated CABG 30-day mortality O/E ratio was
examined, a similar comparison of the Mid-Atlantic
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FIGURE 3 United States (US) regional COVID-19 rates per million
population.

and New England regions vs all other regions was
found (Figure 7B). The O/E ratio increased from a pre-
COVID-19 (January and February 2020) average of 0.58,
to a high of 1.43 in April 2020, representing a 148%
increase in 30-day mortality O/E ratio for isolated
CABG in the same 2 regions. In comparison, the 30-day
mortality O/E ratio for all other regions did not
dramatically change when risk-adjusted outcomes for
all procedures and for isolated CABG were examined.

COMMENT

The COVID-19 pandemic continues to represent an un-
precedented global health challenge as we continue to
confront issues related to health care resources,
personnel, and methods for safe delivery of care under
new circumstances. We report the largest and most
comprehensive description of the impact of the COVID-
19 pandemic on cardiac surgical volumes, trends, and
outcomes on a regional and national scale. This effort is
unique, because unlike many other surgical databases,
the STS ACSD captures more than 98% of all adult car-
diac surgery cases in the US based on the most recent
analyses.

After examination of nearly three-quarters of a
million adult cardiac surgical cases and more than 20
million COVID-19 cases, a clear nadir of cardiac surgical
volumes was seen in April 2020, with reductions to less
than half of the previous level, notably including a
nearly 40% reduction in all nonelective cases. When the
temporal focus was on the first nationwide COVID-19
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FIGURE 4 Regional (colors) and United States (US) (solid black) COVID-19 trends, normalized per million population. Any deviation of the
colored line from the black line indicates regional rates of COVID-19 that are increasing greater than the national rate.

surge in Spring 2020, cardiac case volumes in the Mid-
Atlantic and New England regions were affected to the
greatest degree, with an even greater reduction in
nonelective cases by nearly 60% in the Mid-Atlantic.

However, when we examined cardiac surgical vol-
umes after April 2020, although some volume recovery
was seen, there was not a rebound of case volumes to
above-baseline levels that would adequately account for
the previous nonelective cardiac surgical case deficit,
neither regionally nor nationally. This finding suggests a
COVID-19-related deficit of untreated adult cardiac sur-
gery patients.

The consequence of these untreated patients remains
unclear. As described previously, the STS defines even
the healthiest of this subset of patients as “urgent,”

requiring cardiac surgery during the same

hospitalization to prevent further deterioration. There
are several possible explanations for the absence of a
sufficient rebound in nonelective cases. First, some pa-
tients who were potential candidates for cardiac surgery
or less invasive procedures may have been directed to-
ward less invasive alternatives, favoring shorter hospi-
talization and less resource use (eg, percutaneous
coronary intervention rather than CABG, or trans-
catheter aortic valve implantation rather than AVR).
However, data from other hotspot regions actually sug-
gest a concomitant reduction in overall and relative
percutaneous coronary intervention rates during the
early COVID-19 surge, which does not support this
explanation.'® While low-risk transcatheter aortic valve
implantation approval may have contributed slightly to
a decline in patient referral for surgical AVR during the
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pandemic, it is again unlikely that this factor alone
would account for such a dramatic nadir in operative Cardiac Surgery: Volumes by US Region
volume.
Second, patients for whom elective vs urgent sta- 1 11

tus is unclear or borderline in the estimation of the heart 091 100
team may be recategorized as elective and monitored g 08 108
closely as outpatients until an appropriate surgical date ;‘2‘ 07 197
can be arranged based on local COVID-19 rates. Previous o 08} - 406
examinations of attrition rates while awaiting various k) ;Zﬂ:tcam
cardiac procedures have demonstrated approximately £ Y o ' 108
2% to 11% for CABG at 1 month and approximately 4% g il Joa
for AVR at 1 month."®*° These rates remain concerning § New England
and may account for some loss of patients whose pre- E>~
viously nonelective operation was deferred, although ‘g’ 03 Mid Atlantic 103
the exact proportion of such cases remains unclear. =

Third, patients may be reluctant to seek appropriate
in-hospital care at all in the midst of a pandemic because 02— : . : : : : ; — 0.2
they fear contracting COVID-19 or further overwhelming OJ‘Q 4"8 J‘g Qf”g .059 0‘5‘9 Qé‘s’ ,‘5‘9 >
their local health care system. Although this mechanism © ¥ ¢ L vo¥ ¥
is difficult to quantify nationally, it is supported by the

. . N N FIGURE 5 United States (US) regional monthly cardiac surgery

growing number of late presenting COInphCElthIlS of volumes as a percentage of mean volumes for the previous monthly
myocardial infarction and other acute cardiac diseases value.
that timely, invasive therapies might have mitigated.”"**

This final consideration is strengthened and is especially

concerning because of reportedly increased rates of late  |j.a1 Jevels. Although “statistically significant” differ-

ences are shown in cardiac surgery patient baseline
characteristics before and during the COVID-19
pandemic, this is primarily related to the large overall
population studied, while the absolute numerical dif-
ferences between groups remain relatively minimal
(Table).

Potential mechanisms include hospital resources and
manpower issues, including urgent reallocation of

presenting ST-elevation myocardial infarctions and
associated mechanical complications during the
pandemic that are independent of local COVID-19 case
volumes.**

Collectively, these various mechanisms may account
for some lack of a rebound in surgical case volumes after
April 2020. However, the inability to clearly account
for these patients, particularly the large number of
nonelective cases, remains highly concerning for a
COVID-19-related patient deficit. Namely, this case
deficit likely includes significant patient attrition while

awaiting operation and additional mortality risk among Mid Atlantic (NY, NJ, PA) - Any Operation

patients requiring cardiac surgery related to the ongoing

COVID-19 pandemic, regardless of individual patient

Covid-19+
weekly

COVID-19 infection status. This effect may have been
compounded by the association for higher COVID-19-
related mortality among older patients with underlying

| —e—"All surgeries

cardiopulmonary comorbidities. The continued impor-
tance of seeking health care during the pandemic de-
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serves emphasis, highlighting areas for improvement
regarding patient education, follow-up, resource alloca-
tion, and empowerment.
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Atlantic and New England regions compared with rela-
tively unchanged O/E mortality ratio in other regions

. . FIGURE 6 Mid-Atlantic regional case decline with overlayed num-
warrants further examination, and they may be related

ber of new regional COVID-19 cases during the same time frame.

to the cardiac case volume reductions at regional and
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hospital bed space, resources, and cross-deployment of
physician and physician personnel, as well as separate
state and local governmental mandates to cease all
elective surgical cases to prevent overwhelming local
health care systems. In the Mid-Atlantic and New En-
gland regions, where peak case reductions and increased
COVID-19 case volumes occurred simultaneously, the O/E
mortality ratio increased sharply, unlike other regions,
where cardiac case volume reductions preceded regional
peaks in COVID-19 cases.

This suggests that the reason for cardiac case de-
creases in the Mid-Atlantic and New-England regions
may have been more influenced by hospital resources,
manpower, and reallocation, without sufficient lead
time to necessarily reduce case volumes in a planned
manner to preserve these resources. Conversely, after a
reduction in operative volumes in April 2020, other re-
gions showed subsequent increased cardiac surgical
cases towards baseline levels, even during months when
regional COVID-19 cases were rising, suggesting that the
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TABLE Preoperative Patient Characteristics

Pre-COVID Early COVID COVID Storm
Variable (2018-Dec 2020) (Jan-Mar 2020) (Apr-Jun 2020) P value
Patients (N = 717103) 599 304 67 169 50 630
Age, y 65.11 = 11.8 65.02 + 11.8 64.61 £ 11.9 NS
Sex 8.73E-12
Male 427 477 (70.3) 48 506 (71.1) 36 739 (71.5)
Female 180 732 (29.7) 19 668 (28.8) 14 649 (28.5)
Diabetes 1.27E-05
Yes 220 524 (36.2) 25 322 (37.1) 19 690 (38.3)
No 378 261 (62.2) 42 268 (62.0) 31 265 (60.8)
Dialysis 0.07176
Yes 18 786 (3.1) 2238 (3.3) 1766 (3.4)
No 587 716 (96.6) 65 685 (96.3) 49 422 (96.2)
Heart failure 2.20E-16
Yes 220 524 (36.2) 25 322 (37.1) 19 690 (38.3)
No 378 261 (62.2) 42 268 (62.0) 31 265 (60.8)
Left ventricular ejection fraction 2.20E-16
Hyperdynamic (>0.70) 28 734 (4.7) 2973 (4.4) 2110 (4.1)
Normal (0.50-0.70) 402 480 (66.2) 45 147 (66.2) 33 541 (65.3)
Mild (<0.50) 735 38 (12.1) 8324 (12.2) 6447 (12.5)
Moderate (<0.40) 45 024 (7.4) 5203 (7.6) 4101 (8.0)
Severe (<0.30) 38 932 (6.4) 4542 (6.7) 3663 (7.1)
Smoking 9.32E-08
Nonsmoker 254 120 (41.8) 28 746 (42.2) 21 304 (41.4)
Current 113 252 (18.6) 12 548 (18.4) 9895 (19.3)
Former 237 000 (39.0) 26 391 (38.7) 19 773 (38.5)
Lung Disease 1.85E-13
None 433 613 (71.3) 48 143 (70.6) 36 641 (71.3)
Mild 65 222 (10.7) 7871 (11.5) 5572 (10.8)
Moderate/Severe 58 579 (9.6) 6579 (9.6) 4660 (9.1)

Continuous variables are presented as the mean + SD, and categorical variables are presented as frequency (%).

first nadir in cases may have been driven by imple-
mentation of forced prophylactic surgical case re-
ductions rather than being faced with unanticipated
resource scarcity. We may speculate that this contrib-
uted, at least partially, to the increased O/E mortality
ratio uniquely in the Mid-Atlantic and New England re-
gions during the first COVID-19 surge, compared with
other regions.

In addition to resource and manpower scarcity, other
factors may account for the COVID-19 effect on short-
term mortality in the Mid-Atlantic and New England
regions. These dramatic O/E shifts are completely idio-
syncratic, especially because these regions were collec-
tively performing better than expected (O/E mortality
ratios well below 1) in the pre-COVID-19 era. Additional,
potential mechanisms include the risk of perioperative
COVID-19 infection in these hotspot regions, physician
and nonphysician provider fatigue, and selection of
higher-risk patients in a manner that is not completely
characterized by the current STS risk models for the risk-
adjustable procedures being reported.

Based on the above findings, as well as the breadth
and depth of data captured by the STS ACSD, we plan

future research to specifically focus on many of the
unresolved issues described in this report. Additional
data regarding individual patient COVID-19 status,
unique perioperative risk factors for morbidity and
mortality, and specific rates of complications (eg, tra-
cheostomy, bleeding, need for postoperative ECMO,
early valve-related thrombotic complications) will
contribute substantially to these ongoing analyses. As
we continue to face this pandemic, continued collabo-
ration, use of data sets such as the STS ACSD, and
database linkages will be critical to answer these
important questions.

STUDY LIMITATIONS. Our study has several limitations,
including the lack of granularity regarding the exact
reason(s) for the effect of COVID-19 on O/E mortality
ratios in regions most affected by the first COVID-19
peak. We also lack individual patient COVID-19
infection status, which through database linkages will
enhance future analyses. Finally, our analysis is
primarily focused on the first COVID-19 surge in the
US, although it is our hope that other countries will
learn from these early experiences.
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CONCLUSION. We present the largest description of the
impact of COVID-19 on national and regional cardiac
surgical case volumes, trends, and outcomes. We have
quantified dramatic cardiac case volume reductions
nationwide, further magnified in hotspot regions
during the first COVID-19 case surge in the US. These
findings were accompanied by dramatic increases in
mortality O/E ratios even in regions that previously
performed at better-than-expected levels. The reasons
for case volume reductions are multiple, vary by
region, and may partially explain the source of regional
increases in the 30-day mortality O/E ratio.
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Notably, a rebound of case volumes to account for
previous reductions in nonelective cases has yet to be
seen. This COVID-19-related cardiac surgical case deficit,
particularly among nonelective cases, remains concern-
ing, because delaying or avoiding appropriate cardiac
surgical care may lead to unnecessary morbidity and
mortality, regardless of infection status. We plan further
research to address these issues.

The data for this research were provided by The Society of Thoracic Sur-
geons’ National Database Participant User File Research Program. Data
analysis was performed at the investigators’ institution(s).
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