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ABSTRACT

BACKGROUND Increasing socioeconomic distress has been associated with worse cardiac surgery outcomes. The
extent to which the pandemic affected cardiac surgical access and outcomes remains unknown. We sought to examine
the relationship between the COVID-19 pandemic and outcomes after cardiac surgery by socioeconomic status.

METHODS All patients undergoing a Society of Thoracic Surgeons (STS) index operation in a regional collaborative, the
Virginia Cardiac Services Quality Initiative (2011-2022), were analyzed. Patients were stratified by timing of surgery
before vs during the COVID-19 pandemic (March 13, 2020). Hierarchic logistic regression assessed the relationship
between the pandemic and operative mortality, major morbidity, and cost, adjusting for the Distressed Communities
Index (DCI), STS predicted risk of mortality, intraoperative characteristics, and hospital random effect.

RESULTS A total of 37,769 patients across 17 centers were included. Of these, 7269 patients (19.7%) underwent
surgery during the pandemic. On average, patients during the pandemic were less socioeconomically distressed (DCI
37.4 vs DCI 41.9; P < .001) and had a lower STS predicted risk of mortality (2.16% vs 2.53%, P < .001). After risk
adjustment, the pandemic was significantly associated with increased mortality (odds ratio 1.398; 95% ClI, 1.179-1.657;
P <.001), cost (+$4823, P < .001), and STS failure to rescue (odds ratio 1.37; 95% ClI, 1.10-1.70; P = .005). The negative
impact of the pandemic on mortality and cost was similar regardless of DCI.

CONCLUSIONS Across all socioeconomic statuses, the pandemic is associated with higher cost and greater risk-
adjusted mortality, perhaps related to a resource-constrained health care system. More patients during the pandemic
were from less distressed communities, raising concern for access to care in distressed communities.

(Ann Thorac Surg 2023;115:1511-9)
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he relationship between socioeconomic status

and poor cardiac surgery outcomes as well as

socioeconomic status and COVID-19 case fatal-
ity rates have both been well studied."* Patients identi-
fied as members of socioeconomically distressed
communities have higher risk-adjusted odds of postpro-
cedural mortality and failure to rescue. In addition,
decreasing socioeconomic status has been significantly
associated with increasing COVID-19 mortality rates
and susceptibility to the deleterious financial and health
impacts of the pandemic.”

The impact of the COVID-19 pandemic on the associ-
ation between socioeconomic status and cardiac surgery
outcomes is unknown. Although recent work has
demonstrated that the onset of the COVID-19 pandemic
was associated with increased rates of postoperative
mortality and complications among cardiac surgery pa-
tients, no study of cardiac surgery outcomes during the
pandemic has included a comprehensive metric for so-
cioeconomic determinants of health, such as the Dis-
tressed Communities Index (DCI), nor evaluated how the
pandemic may have differentially influenced post-
operative outcomes by socioeconomic status.®” It has
been well documented that the pandemic has placed
extreme strain on the US health care system capacity
and has led to substantial workforce losses. In mid
January of 2022, one of every five hospitals in the
United States was having critical staffing shortages.® In
addition to contributing to documented increases in
costs to the health care system, it is possible that these
staffing shortages have contributed to decreased access
to cardiac surgical care (ie, forcing surgical practices to
cancel or delay necessary care), resulting in increased
risk-adjusted morbidity and mortality.°" This effect
may be especially pronounced among patients from so-
cioeconomically distressed communities, as they may
have limited ability to navigate the health care system to
find alternative, timely access to cardiac surgical care.
Similarly, as health care resources become increasingly
scarce, they may be increasingly allocated to patients
who are not socioeconomically distressed owing to im-
plicit or explicit bias."”

The objective of this study was to evaluate the effect
of the COVID-19 pandemic on cardiac surgery outcomes
by socioeconomic status, measured using the DCI. We
hypothesized that the pandemic would disproportion-
ately drive higher postoperative morbidity and mortality
among patients who underwent cardiac surgery who
reside in more distressed communities.

PATIENTS AND METHODS

The Virginia Cardiac Services Quality Initiative (VCSQI)
includes 17 hospitals and surgical practices in Virginia
and contains 99% of all adult cardiac surgeries in the
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region. Clinical data and cost methodology have been
described previously.”>'* Cost data were available
through December 2020. Owing to the deidentified
nature of the quality database, this study was exempt
from review by the University of Virginia’s Institutional
Review Board (Protocol #23305, deemed exempt July
14, 2021).

All patients undergoing The Society of Thoracic Sur-
geons (STS) index operation (coronary artery bypass
graft surgery [CABG], aortic valve replacement, mitral
valve replacement/repair) between July 2011 and May
2022 were extracted from the VCSQI database. These
data were linked with the Economic Innovation Group
DCI data file. Use of the Economic Innovation Group DCI
in cardiac surgery has been described in earlier
studies."” The DCI estimates the level of socioeconomic
distress by zip code, with a score of zero corresponding
to a nondistressed community and a score of 100
corresponding to a maximally distressed community.
The DCI is based on seven key indicators: percent of
residents with a high school degree, housing vacancy
rate, unemployment rate, poverty rate, median income
ratio, change in employment, and change in business
establishments. Patients were excluded if they were
missing a zip code (required for linkage with the
Economic Innovation Group DCI file) or were missing
STS predicted risk of mortality (PROM [Figure 1]).

Standard STS definitions were used for all variables.'>
Operative mortality is defined as inhospital mortality or
death within 30 days of surgery. Failure to rescue is
defined as operative mortality after an STS-defined
failure to rescue complication (prolonged ventilation,
postoperative renal failure, reoperation, and stroke).
Patients were stratified by whether they underwent
surgery before vs during the COVID-19 pandemic. March
13, 2020, was chosen as the date signifying the onset of
the pandemic for our study population as it is the date
on which the COVID-19 outbreak was declared a national
emergency in the United States.'®

Categoric variables are presented as count (percent-
age) and continuous variables are presented as median
(interquartile range) owing to skewed distributions. The
Wilcoxon rank sum test was used for nonnormal
distributed continuous variables, and the % test was
used for all categoric variables. Hierarchic logistic
regression was used to assess the relationship between
the onset of the pandemic and operative mortality,
major morbidity, STS-defined failure to rescue, and cost,
adjusting for DCI score, STS-PROM, intraoperative
characteristics, and hospital random effect (to account
for center-level differences). Median (continuous) or
mode (categoric) imputation was used for missingness
(all missingness was less than 5%). Variables included in
the final multivariable model were selected based on
clinical importance and statistical significance in
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Assessed for eligibility
(n=48,951)
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FIGURE 1 Consolidated Standards of Reporting Trials diagram. (STS PROM, The Society of Thoracic Surgeons predicted

Pandemic (March 13, 2020 — May 31st, 2022)

(n=7,269)

univariate analyses. Effect modification analyses for
DCI, sex, age, race, and insurance were performed, as
were sensitivity analyses among procedure-specific
subgroups and with the pandemic era subdivided into
an early period (March 13, 2020 to March 30, 2021) and
late period (April 1, 2021 to July 1, 2022). All statistical
analyses were carried out using SAS 9.4 (SAS Institute
Inc).

RESULTS

BASELINE CHARACTERISTICS BEFORE VS DURING
PANDEMIC. A total of 37,769 patients across 17 centers
were identified during the study period. Of these, 7269
patients (19.70%) underwent surgery during the
pandemic. On average, patients undergoing cardiac sur-
gery during the pandemic were more often male (74.36%
Vs 71.13%, P < .001) and non-White (21.70% Vs 17.84%,
P < .001), were less socioeconomically distressed (DCI
37.4 vs DCI 41.9, P < .001), and had a lower STS-
PROM (2.16% Vs 2.53%, P < .001; Table 1).
Furthermore, compared with prepandemic patients,
patients undergoing cardiac surgery during the pandemic
had a greater burden of immunodeficiencies (4.32% vs
3.57%, P = .002), end-stage renal disease (3.02% Vs
2.60%, P = .044), preoperative arrhythmias (11.04% vs
10.01%, P < .001), congestive heart failure (36.83% vs
33.27%, P < .001), prior myocardial infarction (46.89% vs
44.18%, P < .001), and tobacco use (57.74% Vs 47.89%,
P < .001). However, pandemic era patients had a

comparatively lesser burden of reoperative surgery
(2.81% Vs 5.10%, P < .001) More procedures during the
pandemic were nonelective (54.45% Vs 51.03%, P < .001)
and isolated CABG (75.59% Vs 67.12%, P < .001).

Additional data concerning acuity and severity of
presentation can be found in Supplemental Tables 1 to
3. The incidence of acute papillary muscle rupture
among patients undergoing mitral valve surgery was
not significantly increased during the pandemic
(Supplemental Table 1). However, patients undergoing
CABG during the pandemic were significantly more
likely to present with unstable angina, non-ST-segment
elevation myocardial infarction, or ST-segment eleva-
tion myocardial infarction, relative to patients before the
pandemic (Supplemental Table 2). No patients in this
study had ischemic ventricular septal defect nor
required left ventricle aneurysm repair.

DURING
outcomes

UNADJUSTED OUTCOMES BEFORE VS
PANDEMIC. Unadjusted postoperative
before vs during the pandemic are presented in
Table 2. Before adjustment, the onset of the pandemic
was significantly associated with increased mortality
(2.87% vs 2.18%, P < .001) and cost (median cost of
$40,236 vs $35,209; P < .001), but not with increased
major morbidity (10.92% vs 11.20%, P = .485;
Table 2). STS-defined failure to rescue was
significantly increased during the pandemic (18% vs
14.4%, P = .011), as were postoperative complications
including atrial fibrillation (25.84% vs 22.78%, P < .001)
and pneumonia (2.97% Vs 2.23%, P < .001).

KAPLAN ET AL
COVID-19 PANDEMIC AND CTS OUTCOMES
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TABLE 1 Baseline Characteristics by Pandemic

Characteristics Before Pandemic (n = 30,500 [80.30]) During Pandemic (n = 7269 [19.70]) P Value

Age, y 66 (58-73) 66 (59-73) 418
DCI score 41.90 (20.94-63.13) 37.40 (15.72-61.92) <.001
Immunocompromised 1080 (3.57) 323 (4.32) .002
Peripheral arterial disease 3851 (12.72) 937 (12.52) .648
Hypertension 25,534 (84.31) 6451 (86.20) <.001
Diabetes mellitus 12,811 (42.30) 3357 (44.86) <.001
Prior stroke 2614 (8.63) 665 (8.89) 484
Cerebrovascular disease 6083 (20.09) 1683 (22.49) <.001
Race <.001

White 24,881 (82.16) 5860 (78.30)

Black 3643 (12.03) 1023 (13.67)

American Indian 40 (0.13) 14 (0.19)

Asian 930 (3.07) 270 (3.61)

Other 791 (2.61) 317 (4.24)
Female 8744 (28.87) 1919 (25.64) <.001
Liver disease 1250 (4.13) 267 (3.57) .027
MELD score 7.47 (6.40-8.92) 7.47 (6.40-9.06) .639
Preop serum creatinine, mg/dL 1.00 (0.80-1.20) 0.99 (0.80-1.20) .088
Preop serum hemoglobin, mg/dL 13.23 (11.97-14.30) 13.53 (12.23-14.60) <.001
Preop serum WBC, x10°%/L 7.50 (6.10-9.10) 7.53 (6.20-9.22) .003
Preop serum albumin, g/L 3.80 (3.50-4.10) 3.80 (3.50-4.20) .07
Body surface area, m? 2.88 (2.75-3.00) 2.88 (2.78-3.01) <.001
End-stage renal disease 787 (2.60) 226 (3.02) .044
Current tobacco use 6020 (19.88) 1515 (20.24) <.001
Oxygen-dependent lung disease 115 (0.38) 50 (0.67) <.001
Chronic lung disease 8810 (29.09) 2129 (28.45) 272
Sleep apnea 5299 (17.50) 1397 (18.67) .018
Preop arrhythmia, within 30 days 3032 (10.01) 826 (11.04) <.001
Congestive heart failure 10,077 (33.27) 2756 (36.83) <.001
Previous PCI 7263 (23.98) 1838 (24.56) .296
Previous CABG 825 (2.72) 60 (0.80) <.001
Previous valve surgery 807 (2.66) 193 (2.58) .679
Prior myocardial infarction 13,379 (44.18) 3509 (46.89) <.001
Reoperative surgery 1544 (5.10) 210 (2.81) <.001
Aortic stenosis 5793 (19.13) 971 (12.97) <.001
Aortic regurgitation 9835 (32.5) 2371 (31.7) .189
Mitral stenosis 876 (2.89) 229 (3.06) .442
Mitral regurgitation 20,666 (68.2) 5763 (77.0) <.001
Tricuspid stenosis 52 (0.17) 9 (0.12) 321
Tricuspid regurgitation 18,173 (60.01) 5390 (72.02) <.001
Preop ejection fraction, % 55 (48-60) 58 (48-61) .391
Status <.001

Elective 14,830 (48.97) 3409 (45.55)

Urgent 14,555 (48.06) 3907 (52.20)

Emergent 856 (2.83) 157 (2.10)

Emergent salvage 44 (0.15) 11 (0.15)
Intraaortic balloon pump 2060 (6.80) 545 (7.28) 142
Procedure type <.001

AV replacement 3513 (11.60) 483 (6.45)

AV replacement/CABG 2183 (7.21) 370 (4.94)

Isolated CABG 20,327 (67.12) 5657 (75.59)

MV repair 1960 (6.47) 368 (4.92)

MV repair/CABG 680 (2.25) 125 (1.67)

MV replacement/CABG 353 (1.17) 104 (1.39)

MV replacement only 1269 (4.19) 377 (5.04)
Cross-clamp time, min 75 (58-94) 76 (59-99) <.001
CPB time, min 102 (79-127) 101 (79-129) .968

(Continued)
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TABLE 1 Continued

Characteristics Before Pandemic (n = 30,500 [80.30]) During Pandemic (n = 7269 [19.70]) P Value
Intraoperative blood products, units 0 (0-2) 0(0-2) <.001
STS PROM, % 2.53 (0.06-2.73) 2.16 (0.06-2.21) <.001

Society of Thoracic Surgeons; WBC, white blood cells.

Values are median (interquartile range) or n (%). AV, aortic valve; CABG, coronary artery bypass graft surgery; CPB, cardiopulmonary bypass; DCI, Distressed Communities
Index; MELD, model for end-stage liver disease; MV, mitral valve; PCI, percutaneous coronary intervention; Preop, preoperative; PROM, predicted risk of mortality; STS, The

MULTIVARIABLE MODEL OF IMPACT OF PANDEMIC ON
OPERATIVE OUTCOMES. After risk adjustment, the
pandemic remained significantly associated with
increased mortality (odds ratio 1.398; 95% CI, 1.179-1.657;
P < .001; Table 3, Figure 2), failure to rescue (odds ratio
1.37; 95% CI, 1.10-1.70; P = .005; Table 4), and cost
(+$4823, P < .001; Table 5), but not with major
morbidity (odds ratio 0.962; 95% CI, 0.879-1.052; P =
.398; Supplemental Table 4). Effect modification
analyses revealed that the effect of the pandemic on
mortality and cost was similar regardless of DCI, age,
sex, race, and insurance status (P values of interaction
terms all greater than .05; Supplemental Table 5).
Sensitivity analyses were performed among procedure-
specific subgroups. Among the isolated CABG subgroup,
the pandemic remained significantly associated with
increased mortality, failure to rescue, and cost
(Supplemental Tables 6-8); as in the main analysis,
major morbidity was not associated with the pandemic
(Supplemental Table 9). Among the aortic valve
replacement subgroup, the pandemic was qualitatively
associated with increased mortality, failure to rescue
and cost—however, only the association between the
pandemic and cost was statistically significant
(Supplemental Tables 10-13). Among the mitral valve
subgroup,
rescue, and cost were all qualitatively increased during
the pandemic but this association was not statistically
significant (Supplemental Tables 14-17). Lastly, a
sensitivity analysis in which the pandemic was
subdivided into early and late periods demonstrated

replacement/repair mortality, failure to

significantly elevated risk-adjusted odds of operative
mortality throughout the pandemic. Risk-adjusted odds
of failure to rescue were significantly higher in the early
pandemic but not in the late pandemic. Risk-adjusted
odds of major morbidity were significantly lower in the
late pandemic (Supplemental Tables 18-20).

COVID-19 STATUS OF PATIENTS DURING PANDEMIC. Data
concerning laboratory-confirmed diagnosis of COVID-19
was available in the STS Adult Cardiac Surgery
Database (Temporary Field Code 7230). Of patients
who underwent surgery during the pandemic, 425
(5.68%) had a laboratory-confirmed diagnosis of
COVID-19 before, during, or within 30 days of their

procedure. Of these, the vast majority (359 [84.5%])
had been diagnosed with COVID-19 before
hospitalization for their procedure. Only 38 patients
(8.9%) were diagnosed with COVID-19 during the same
hospitalization, before surgery. A small minority (28
[6.5%]) had laboratory-confirmed COVID-19 after their
procedure. History of laboratory-confirmed COVID-19
was not significantly associated with operative
mortality, major morbidity, nor cost during the
pandemic era (all P values greater than .05).

COMMENT

In this regional retrospective cohort study of patients un-
dergoing cardiac surgery, the pandemic was significantly

KAPLAN ET AL
COVID-19 PANDEMIC AND CTS OUTCOMES

TABLE 2 Unadjusted Outcomes by Pandemic

Characteristic Before Pandemic During Pandemic P Value
Operative mortality 659 (2.18) 215 (2.87) <.001
Major morbidity® 3392 (11.20) 817 (10.92) .485
STS failure to rescue® 479 (14.4) 144 (18) .011
Prolonged ventilation 2673 (8.83) 648 (8.66) .647
Postoperative renal 752 (2.48) 240 (3.21) <.001

failure
Reoperation, any 867 (2.86) 216 (2.89) 914
cause
Permanent stroke 386 (1.27) 90 (1.20) 617
Postoperative dialysis 506 (1.67) 184 (2.46) <.001
Readmission 2932 (9.68) 659 (8.81) .021
Atrial fibrillation 6899 (22.78) 1934 (25.84) <.001
Cardiac arrest 536 (1.77) 147 (1.96) .259
Deep sternal wound 98 (0.32) 24 (0.32) .968
infection
Surgical site infection® 428 (1.41) 113 (1.51) .529
Deep vein thrombus/ 376 (1.24) 79 (1.06) .187

PE
Pneumonia 676 (2.23) 222 (2.97) <.001
Non-home discharge 7092 (23.42) 1161 (15.51) <.001
Total intensive care 48 (26-86.9) 66.53 (35.5-102) <.001

unit stay, h
Length of stay, d 6 (4-8) 6 (5-8) <.001
Total cost, USD 35,209 (27,742-46,652) 40,236 (32,077-53,538) <.001

#Major morbidity defined as permanent stroke, postoperative renal failure, prolonged

ventilation, deep sternal wound infection, or reoperation; "The Society of Thoracic Surgeons
(STS) failure to rescue is death after prolonged ventilation, permanent stroke, reoperation, or
renal failure; °Non-deep sternal wound infection; “Surgery to discharge. Values are n (%) or

median (interquartile range). PE, pulmonary embolism.
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TABLE 3 Multivariable Model of Impact of Pandemic on
Operative Mortality After Cardiac Surgery

Characteristics OR 95% Cl P Value
Pandemic 1.398 1.179-1.657 <.001
Predicted risk of mortality 1.093 1.084-1.102 <.001

Cardiopulmonary bypass 1.007 1.006-1.008 <.001
time, min

Intraoperative transfusion, 1.168 1.136-1.201 <.001
units

Distress score 1.005 1.002-1.008 <.001

OR, odds ratio.

associated with increased risk-adjusted mortality and cost,
but not major morbidity, across all socioeconomic statuses.
Patients who underwent surgery during the pandemic
were members of significantly less distressed communities
and had lower STS-PROM. Before adjustment, pandemic-
era patients had significantly increased mortality, cost,
and failure to rescue. After adjustment—which included
the DCI, STS-PROM, intraoperative characteristics, and
hospital random effect—the pandemic remained signifi-
cantly associated with increased mortality and cost,
apparently primarily due to higher failure to rescue rates.
History of laboratory-confirmed COVID-19 infection was
not associated with outcomes during the pandemic era,
similar to other studies."”

Failure to rescue has been proposed as a measure-
ment of a center’s ability to successfully prevent patient
mortality after complications, and previous studies have
reported a significant association between failure to
rescue status and preventability adjudication.’®?° A
potential cause of increased rates of failure to rescue
(and thereby, operative mortality) is resource strain (eg,

Characteristic

Distressed Communities Index = »

CPB Time, minutes - ®

bypass.)

Multivariable Model of the Impact of the Pandemic on Operative
Mortality following Cardiac Surgery

Lower Mortality Higher Mortality

Predicted Risk of Mortality, % = -

Intraoperative Transfusion, units = e+

Pandemic Era - I 1

T T T 1
0.8 1.0 1.2 1.4 1.6 1.8

Odds Ratio

FIGURE 2 Multivariable model of the impact of the pandemic on operative
mortality after cardiac surgery. Horizontal lines indicate 95% CIl. The orange
circle highlights the variable of interest: the pandemic. (CPB, cardiopulmonary
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staffing shortages, health care worker burnout) leading
to suboptimal triage decisions and patient care. There-
fore, our analysis adds to the growing body of research
demonstrating that the COVID-19 pandemic stressed
hospital systems and caused resource and capacity lim-
itations that negatively affected patient outcomes.”**

Our research is unique in demonstrating that the
COVID-19 pandemic did not differentially affect surgical
outcomes in patients from more distressed communities
once they established care. We initially hypothesized that
the COVID-19 pandemic would disproportionately drive
higher morbidity and mortality in more distressed com-
munities. Our rationale for this hypothesis is multifold.
First, low-income workers bore the brunt of the adverse
economic consequences of the pandemic, and prior
research shows that socioeconomic distress is a signifi-
cant predictor of worse surgical outcomes.”**3 Second,
essential workers, who often come from distressed
communities, were subjected to extreme daily stress at
the height of the pandemic. In a meta-analysis, Rose-
nberger and associates® suggest that psychosocial factors
such as attitude and mood are strong predictors of
surgical outcomes. Finally, COVID-19 infection and mor-
tality rates increased with decreasing socioeconomic sta-
tus, and perioperative COVID-19 infection may negatively
influence surgical outcomes.’ Despite these proven
trends, a differential impact of DCI on outcomes after
cardiac surgery was not observed.

Our research also supports previous studies indicating
that the volume of cardiac surgery performed decreased
precipitously during the pandemic.> Notably, however,
we found that pandemic-era cardiac surgery patients
had a higher average socioeconomic status (ie, lower DCI
score) as compared with patients treated before the
pandemic. This finding suggests that the pandemic may
have precluded poorer and marginalized patients from
making it to hospitals in the first place, possibly result-
ing in their death at home secondary to acute coronary
syndrome, critical aortic stenosis, or other treatable
cardiovascular conditions. If that is true, these patients
reflect the disproportionate impact of the pandemic on
distressed communities. This hypothesis is substanti-
ated by Centers for Disease Control and Prevention data
that demonstrated that the age-adjusted mortality rate
for heart disease (which importantly includes both
inhospital and out-of-hospital deaths) increased in
2020—the largest such increase since 2012—as well as our
sensitivity analysis, which demonstrated that the pro-
portion of patients undergoing CABG for unstable angina
and non-ST-segment elevation or ST-segment elevation
myocardial infarction increased during the pandemic.2®

Given the increase in postoperative failure to rescue
and mortality and decrease in patients from distressed
communities seen during the COVID-19 pandemic, there
clearly exists a need for evidence-based cardiac surgery
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TABLE 4 Multivariable Model of Impact of Pandemic on
The Society of Thoracic Surgeons-Defined Failure to
Rescue After Cardiac Surgery

Characteristics Estimate 95% CI P Value
Pandemic 1.367 1.10-1.698 .005
Predicted risk of mortality 1.043 1.034-1.052 <.001
Cardiopulmonary bypass 1.003 1.001-1.004 <.001
time, min

Intraoperative transfusion, 1.056 1.027-1.086 <.001
units

Distress score 1.003 1.000-1.007 .084

protocols for resource constrained settings, and particu-
larly, infectious disease outbreaks. An international con-
sortium of cardiac surgeons published guidance based on
institutional experiences during the height of the COVID-
19 pandemic that may serve as a good starting point.
Their recommendations encompassed the resumption of
cardiac surgical care, delivery of information to the com-
munity, and care provision itself.”” In short, they called for
flexible center-level triggers for scaling cardiac surgery
volume up or down in response to hospital capacity and
disease burden, triaging of cases by a multidisciplinary
heart team, proactive and timely guidance to the com-
munity on the availability of cardiovascular services and
avenues to access them, a regional response to the de-
livery of elective cardiac surgeries, preoperative screening
of all patients for infection, and virtual care after
discharge. In the future, this framework should be modi-
fied by hospital systems according to evolving scientific
understanding and government guidance to ultimately
reduce failure to rescue, mortality, and cost during periods
of resource strain, and ensure distressed pockets of the
community continue to receive access to care.

STUDY LIMITATIONS. First, as in all retrospective studies,
our results may be affected by unmeasured confounding,
although this has been minimized by extensive risk
adjustment. Second, our results may not be generalizable
outside of our regional collaborative. This possibility,
although not negligible, is significantly reduced by the
demographically and socioeconomically diverse compo-
sition of the population studied. Third, the results of the
analysis could change depending on the date selected as
the breakpoint signifying the onset of the COVID-19
pandemic. The first COVID-19 case in the United States
was confirmed in January 2020; however, detected
cases did not rise until early to mid March 2020. March
13, 2020, therefore, seems to appropriately represent the
beginning of the COVID-19 pandemic in the United States.

Fourth, this analysis is limited, as all analyses of the
STS Adult Cardiac Surgery Database are, by short follow-
up. It is possible that the pandemic may have a

TABLE 5 Multivariable Model of Impact of Pandemic on
Total Cost After Cardiac Surgery
Characteristics Estimate SE P Value
Pandemic $4823 $979 <.001
Predicted risk of mortality $2012 $51.1 <.001
Cardiopulmonary bypass $137 $5.16 <.001
time, min
Intraoperative transfusion, $3905 $164 <.001
units
Distress score $39.1 $8.93 <.001

differential impact based on DCI score but that this
impact can only be observed with longer follow-up than
is available in our societal database. Fifth, cost data were
only available through December 2020, limiting inference
regarding resource use to the early stage of the pandemic.
Sixth, we are unable to completely adjust or account for
all systemic level changes affecting outcomes after car-
diac surgery during the pre-pandemic era, which may
bias our estimate of the pandemic’s effect. However, no
significant trend in operative mortality, major complica-
tions, or failure to rescue was observed in the 5 years
leading up to the pandemic (2016-2020).

Last, it is possible that our study underestimates the
impact of the COVID-19 pandemic on the association of
DCI on outcomes (ie, type II error) after cardiac surgery,
as patients from more distressed communities may have
been unable to access life-saving cardiac surgical care
owing to pandemic-related barriers and are therefore not
included in our study. Similarly, it is possible that some
patients who normally would have undergone cardiac
surgery instead received percutaneous therapy owing to
limited inpatient capacity during the pandemic. A study
of outcomes among all patients with cardiovascular
disease is necessary to fully address the question of ac-
cess for low DCI patients during the pandemic.

CONCLUSION. Across all socioeconomic statuses, the
pandemic was associated with higher cost and greater
risk-adjusted mortality driven by a higher rate of failure
to rescue, perhaps related to a resource-constrained
health care system. Patients undergoing cardiac
surgery during the pandemic were from less distressed
communities, raising concern for access to care in
distressed communities.
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Failure to Rescue, Failure to Respond ’ ,.)

INVITED COMMENTARY:

One of the most striking consequences of the coronavi-
rus disease 2019 (COVID-19) pandemic has been how it
has revealed and exacerbated preexisting disparities in
the United States health care system. As Kaplan and
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colleagues' importantly report in their article in this
issue of The Annals of Thoracic Surgery, cardiothoracic
surgery was not immune to this phenomenon. While
outcomes in cardiac surgery worsened across
socioeconomic groups, fewer patients from distressed
receiving care.
Although we can only postulate on the reasons behind

socioeconomic communities were
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