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ABSTRACT

Objective: There has been a substantial decline in patients presenting for emergent
and routine cardiovascular care in the United States after the onset of the corona-
virus disease 2019 (COVID-19) pandemic. We sought to assess the risk of adverse
clinical outcomes among patients undergoing coronary artery bypass graft
(CABG) surgery during the 2020 COVID-19 pandemic period and compare the risks
with those undergoing CABG before the pandemic in the year 2019.

Methods: A retrospective cross-sectional analysis of the TriNetX Research
Network database was performed. Patients undergoing CABG between January
20, 2019, and September 15, 2019, contributed to the 2019 cohort, and those under-
going CABG between January 20, 2020, and September 15, 2020, contributed to the
2020 cohort. Propensity-score matching was performed, and the odds of mortality,
acute kidney injury, stroke, acute respiratory distress syndrome, and mechanical
ventilation occurring by 30 days were evaluated.

Results: The number of patients undergoing CABG in 2020 declined by 35.5% from
5534 patients in 2019 to 3569 patients in 2020. After propensity-score matching,
3569 patient pairs were identified in the 2019 and the 2020 cohorts. Compared
with those undergoing CABG in 2019, the odds of mortality by 30 days were 0.96
(95% confidence interval [Cl], 0.69-1.33; P = .80) in those undergoing CABG in
2020. The odds for stroke (odds ratio [OR], 1.201; 95% Cl, 0.96-1.39), acute kidney
injury (OR, 0.76; 95% Cl, 0.59-1.08), acute respiratory distress syndrome (OR, 1.07;
95% Cl, 0.60-2.42), and mechanical ventilation (OR, 1.11; 95% Cl, 0.94-1.30) were
similar between the 2 cohorts.

Conclusions: The number of patients undergoing CABG in 2020 has substantially
declined compared with 2019. Similar odds of adverse clinical outcomes were seen
among patients undergoing CABG in the setting of COVID-19 compared with those
in 2019. (JTCVS Open 2021;6:132-43)
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CENTRAL MESSAGE

There has been a ~36% decline
in CABG volume in 2020 due to
COVID-19. There has been no
associated increase in adverse
clinical outcomes among pa-
tients undergoing CABG during
the COVID-19 pandemic.

PERSPECTIVE

Despite the reorganization of health care systems
and patient reluctance to seek treatment, there
has been no associated increase in adverse clin-
ical outcomes among patients undergoing
CABG during the COVID-19 pandemic. However,
the clinical effects of the decline in CABG volume,
including delays in CAD treatment, require further
surveillance and investigation.

See Commentaries on pages 144 and 146.

Coronary artery disease remains a major cause of mortality in
the United States despite the advances in the management of
acute coronary syndrome and cardiovascular risk factors.'
Coronary artery bypass grafting (CABG) is the most
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common cardiac surgery performed worldwide and a life-
saving procedure for patients with severe coronary artery dis-
ease.' The coronavirus disease 2019 (COVID-19) pandemic
resulted in a precipitous decline in hospitalizations for
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Abbreviations and Acronyms

CABG = coronary artery bypass grafting

CI = confidence interval

COVID-19 = coronavirus disease 2019

EHR = electronic health record

ICD-10 = International Statistical Classification
of Diseases and Related Health
Problems, Tenth Revision

OR = odds ratio

UAB = University of Alabama at Birmingham

myocardial infarction and revascularization procedures.” In
addition, there had been a precautionary postponement of
elective procedures, including CABG, as part of resource
prioritization and infection control.>® However, delays in
the performance of CABG have been previously associated
with increased mortality.” The procedural delays, combined
with the patients’ reluctance to seek medical attention for car-
diac symptoms during the evolution of the pandemic, may
impact the clinical outcomes in patients with coronary artery
disease. In addition, clinicians and patients may be concerned
about the effects of elective exposure to a hospital environ-
ment in the setting of a pandemic. We sought to evaluate
the clinical outcomes among patients undergoing CABG in
the COVID-19 pandemic period compared with those under-
going CABG in the same time period in 2019.

METHODS
Data Source

We identified patients undergoing CABG at health care organizations
contributing to the TriNetX Research Network (Cambridge, Mass).® '
The TriNetX Research Network database is a cloud-based Health Insur-
ance Portability and Accountability Act of 1996—compliant deidentified
longitudinal patient-level federated electronic health record (EHR) data-
base.®!? The data are available to researchers at participating health care
organizations and can be accessed at www.trinetx.com. The data
integration is performed after clearance through local data warehouses
and research data repositories, before incorporation into the TriNetX
database. Data from inpatient, outpatient, and specialty services are
contributed by the participating organization. The structured data are
mapped to standard and controlled clinical terminology. Regular data
quality assessment is performed to eliminate records that do not adhere
to quality standards and basic formatting requirements for adequate data
representation. The referential integrity of the data is ensured to ensure
data comparability across several databases. Regular monitoring of the
temporal trend in data volume is also monitored by the TriNetX software
to ensure data validity. The stored and transmitted data in the database is
deidentified at the patient and health care organization level. Further
details of the database are included in Appendix 1. The study was conduct-
ed after obtaining approval from the University of Alabama at Birmingham
(UAB) Institutional Review Board (Application Number: IRB-
300005908). This investigation involved secondary data analysis of dei-
dentified patient-level data, and informed consent was not required for
this study. The UAB Institutional Review Board waived the requirement
for informed consent.

Study Population

We evaluated the TriNetX Research Network EHR database to identify
patients undergoing CABG (Current Procedural Terminology codes:
1006207, 1006199, 0210-0213) at 26 health care organizations in the
United States (Table El). Patients were grouped into those undergoing
CABG during the COVID-19 period (January 20, 2020, to September 15,
2020) and those undergoing CABG in the same time period in 2019
(January 20, 2019, to September 15, 2019). Standard International Statis-
tical Classification of Diseases and Related Health Problems, Tenth Revi-
sion (ICD-10) codes were used to identify the respective phenotypes. The
last patient included in the study period underwent CABG on September
15, 2020, and a follow-up period of 30 days (until October 15, 2020)
was used in this study. We also tabulated the number of patients undergoing
CABG in each comparative month from the 2019 and 2020 study periods
and the total number of COVID-19 hospitalizations recorded in the Tri-
NetX research database during the study period.

Measures and Qutcomes

The baseline characteristics were identified for patient records up to
1 month before the index event (CABG). The primary study outcome
was mortality occurring within 30 days of CABG. The secondary outcomes
assessed included stroke (ICD-10: 160-169), acute kidney injury (ICD-10:
N17), acute respiratory distress syndrome (ICD-10 Code: J80),'* and me-
chanical ventilation (ICD-10 codes: 5A1945Z, 5A1955Z, 39.65; Current
Procedural Terminology codes: 1022227, 31500, 0BH17EZ, 0BH18EZ)
occurring within 30 days of CABG. Table E2 enlists the diagnosis codes
for the various measures and outcomes.

Statistical Analysis

All statistical analyses were conducted using SAS, 9.4 (Cary, NC). The
baseline characteristics of the study population were compared using
descriptive statistics. Continuous data were summarized as median with in-
terquartile range, and categorical data were summarized as counts and per-
centages. The categorical data were compared using the x> test, and
continuous data were compared using the Wilcoxon rank-sum test.
Month-wise CABG procedure counts in the 2 study periods were graphi-
cally tabulated. The month-wise COVID-19 hospitalizations recorded in
the TriNetX research database were also graphically plotted. Logistic
regression was used to develop propensity-score matching models to obtain
a propensity score for each patient using and account for the differences in
baseline characteristics.® The model covariates included age, sex, race/
ethnicity, body mass index, alcohol abuse (ICD-10: F10), asthma (J45),
chronic obstructive pulmonary disease (J44.9), cerebrovascular disease
(160-169), chronic kidney disease (N18), diabetes mellitus (E08-E13), heart
failure (I150), hypertensive disease (I110-116), ischemic heart disease (120-
125), nicotine dependence (F17), and any neoplasm (C00-D49).® Using a
caliper of 0.1 pooled standard deviation, 1:1 nearest neighbor matching
was performed. Logistic regression was used to estimate the odds of the
study outcomes. The comparative risks of study outcomes were summa-
rized using odds ratios (OR) with 95% confidence intervals (95% CI).
The subgroup analysis of the aforementioned study outcomes was done
in a single-center cohort of patients identified from the UAB and undergo-
ing CABG in 2019 and 2020 during the specified time period to verify the
veracity of the outcomes of the larger database on an institutional level. Sta-
tistical significance was determined by a 2-sided type I error of 0.05.

RESULTS

A total of 5534 patients underwent CABG in the 2019
study period, and 3569 patients underwent CABG in the
2020 study period. In the 2019 cohort, 13.8% (761) patients
were from the Northeast, 9.8% (542) patients were from the
Midwest, 66.0% (3653) patients were from the South, and
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TABLE 1. Baseline characteristics of the overall cohort

Before propensity-score matching

After propensity-score matching

CABG in 2020 CABG in 2019 CABG in 2020 CABG in 2019
Characteristics (Total N = 3569) (Total N =5534) P value SMD (Total N = 3569) (Total N = 3569) P value SMD
Demographics
Age (Years) 67 (60, 74) 66 (59, 73) .001  0.09 66 (59, 73) 67 (59, 73) 23 0.02
Sex
Male 2664 (75.6%) 4108 (74.2%) .66 0.01 2664 (74.6%) 2647 (74.2%) .64 0.01
Female 905 (25.4%) 1426 (25.8%) 905 (24.4%) 922 (25.8%)
Race/ethnicity
Non-Hispanic White 2969 (83.2%) 4517 (81.6%) 51 0.04 2969 (83.2%) 2957 (82.9%) .76 0.005
Non-Hispanic Black 293 (8.2%) 514 (9.3%) 293 (8.2%) 322 (9.0%)
Non-Hispanic Asian 91 (2.6%) 151 (2.7%) 91 (2.6%) 92 (2.6%)
Hispanic 198 (5.6%) 326 (5.9%) 198 (5.6%) 181 (5.1%)
Other Non-Hispanic 18 (0.4%) 26 (0.4%) 18 (0.4%) 17 (0.4%)
BMI, kg/m? 29.7 (22.6,35.8)  29.8 (23.1, 36.2) 46 0.03 29.7 (22.8,35.6) 29.8 (23.4,34.9) .52 0.02
Medical history
Alcohol abuse 146 (4.1%) 234 (4.2%) 15 0.007 146 (4.1%) 147 (4.1%) 95 0.001
Asthma 246 (6.9%) 401 (7.3%) .52 0.02 246 (6.9%) 240 (6.7%) 78 0.007
Cerebrovascular disease 1041 (29.2%) 1711 (30.9%) .08 0.04 1041 (29.2%) 1054 (29.5%) 73 0.008
Chronic kidney disease 794 (22.3%) 1366 (24.7%) .008  0.06 794 (22.3%) 755 (21.2%) 27 0.02
Chronic obstructive pulmonary 246 (6.9%) 401 (7.3%) 52 0.01 246 (6.9%) 240 (6.7%) 78 0.006
disease
Diabetes mellitus 1645 (46.1%) 2511 (45.4%) .50 0.01 1645 (46.1%) 1641 (46.0%) 93 0.002
Heart failure 1471 (41.2%) 2403 (43.4%) .04 0.05 1471 (41.2%) 1453 (40.7%) .67 0.01
Hypertensive diseases 2463 (69.0%) 3874 (70.0%) .87 0.003 2463 (69.0%) 2481 (69.5%) .90 0.006
Ischemic heart disease 3396 (95.2%) 5296 (95.7%) 22 0.03 3396 (95.2%) 3401 (95.3%) 74 0.008
Neoplasms 691 (19.4%) 1111 (20.1%) 40 0.02 691 (19.4%) 682 (19.1%) .79 0.006
Nicotine dependence 778 (21.8%) 1150 (20.8%) 25 0.03 778 (21.8%) 767 (21.5%) .76 0.007

Continuous data are presented as median with interquartile range, and categorical data are presented as counts with percentage. CABG, Coronary artery bypass grafting; SMD,
standardized mean difference; BMI, body mass index.

10.4% (578) patients were from the Western region. In the
2020 cohort, 12.1% (431) patients were from the Northeast,
12.4% (441) patients were from the Midwest, 63.7%
(2272) patients were from the South, and 11.9% (425)
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patients were from the Western region. This amounted to
a 35.5% decrease in CABG surgery volume. The baseline
characteristics of the patients undergoing CABG in 2019
and 2020 before and after propensity-score matching are
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FIGURE 1. Propensity score matching of patients undergoing CABG surgery in 2019 and 2020. The figure depicts the density function of the cohorts
before (A) and after propensity-score matching (B). CABG, Coronary artery bypass graft.
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FIGURE 2. Risk of adverse clinical outcomes after CABG surgery in 2019 and 2020. The figure depicts the frequency of the study outcomes in the
propensity-score matched populations undergoing coronary artery bypass graft in 2019 and 2020. OR, Odds ratio; CI, confidence interval; CABG, coronary

artery bypass graft; ARDS, acute respiratory distress syndrome.

described in Table 1. The temporal trend in patients under-
going CABG in 2019 and 2020 are presented in Figure E1.
The maximum decline in CABG procedures occurred in
April 2020, and there was a gradual increase in CABG vol-
ume in the subsequent months (Figure E2). The month-wise
COVID-19 hospitalization count in the database is depicted
in Figure E3.

After propensity-score matching, 3569 CABG patient
pairs were identified from the 2019 and 2020 cohorts
(Figure 1). After propensity-score matching, the odds of
mortality by 30 days (OR, 0.96; 95% CI, 0.69-1.33) were
similar in the 2 cohorts (Figure 2, Table 2). The odds of
stroke (OR, 1.21; 95% CI, 0.96-1.39), acute kidney injury
(OR, 0.76; 95% CI, 0.59-1.08), acute respiratory distress
syndrome (OR, 1.01; 95% CI, 0.60-2.42), and mechanical
ventilation (OR, 1.11; 95% CI, 0.94-1.30) in the matched
pairs were also similar between the patients undergoing
CABG in 2019 and 2020 (Figure 2). There were only 8 pa-
tients who were identified with COVID-19 in the 30-day
period following CABG. None of the 8 patients required
mechanical ventilation. There was no mortality by

30 days in these 8 patients. In the secondary subgroup anal-
ysis restricted to the cohort identified from the UAB, there
were 620 patients in the 2019 cohort and 470 patients in the
2020 cohort, amounting to a 25.2% decline in the CABG
procedural volume. The mortality by 30 days and other sec-
ondary study outcomes were similar for the 2 time periods
for the UAB cohort.

DISCUSSION

In this study, we observed that there was a ~36% reduc-
tion in CABG procedure volume between 2019 and 2020
(Figure 3). The lowest number of CABG procedures
occurred in April 2020, and there has been a gradual in-
crease in the patients undergoing CABG in the setting of
the pandemic. We observed that the risks of mortality and
adverse clinical outcomes by 30 days following CABG
were similar in patients undergoing CABG in 2019 and
2020 (Figure 4).

The COVID-19 pandemic has presented unique chal-
lenges for cardiac surgery services.'” The health care pol-
icies were revised during the COVID-19 pandemic to

TABLE 2. Study outcomes after propensity-score matching in patients undergoing CABG

Event frequency

Outcome (occurring by 30 d)

CABG 2019 (N = 3569)

CABG 2020 (N = 3569) Odds ratio (95% CI)

Death 3.0%
Stroke 4.6%
Acute kidney injury 2.8%
ARDS 0.6%
Mechanical ventilation 7.8%

2.9% 0.96 (0.69-1.33)
4.2% 1.21 (0.96-1.39)
1.1% 0.76 (0.59-1.08)
0.4% 1.01 (0.60-2.42)
8.6% 1.11 (0.94-1.30)

CABG, Coronary artery bypass grafting; CI, confidence interval; ARDS, acute respiratory distress syndrome.
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FIGURE 3. Impact of COVID-19 on CABG surgery volume and out-
comes. The figure depicts the forest plot of odds ratios with confidence in-
tervals for the study outcomes in the propensity-score matched populations
undergoing CABG in 2019 and 2020. COVID-19, Coronavirus disease
2019; CABG, coronary artery bypass graft; ARDS, acute respiratory
distress syndrome.

conserve and prioritize resources. The personnel, equip-
ment, and critical care service limitations due to the
pandemic were presumed to impact the clinical outcomes
in patients who underwent CABG.® We noted a substantial
reduction in CABG volume in the database compared with
the 2019 volume. Previous investigations have noted a
reduction in patients presenting with myocardial infarction”
and ~50% to 80% decline in the volume of cardiac surgery
during the pandemic.”'” The temporal decline in patients
presenting with acute myocardial infarction indicated that
patients might be avoiding medical care while being symp-
tomatic at home, thereby potentially worsening clinical out-
comes.”* However, we did not observe an increased risk of
mortality, acute respiratory distress syndrome, or need for
mechanical ventilation in the patients undergoing CABG
during the pandemic period. Providers are likely to either
include only those patients who were at very high risk and
needed CABG or only those patients who were relatively
healthier to survive the likelihood of developing severe
COVID-19 subsequent to CABG. The observed results
may also stem from a careful patient selection by providers
in the anticipated likelihood of developing COVID-19 dur-
ing the postoperative period. The observed decline in
CABG volume may also be a result of patient hesitancy

136 JTCVS Open * June 2021

in seeking care due to the fear of contracting COVID-19.
The declined volume may also be a result of health care or-
ganizations delaying emergent procedures to reserve re-
sources for the care of the patients with severe COVID-
19. Further research is needed to assess the impact of the
COVID-19 pandemic and lockdown on cardiovascular
risk factors, diseases, and procedural outcomes.

These findings may be reassuring for apprehensive clini-
cians and patients requiring CABG during the COVID-19
pandemic. Following the resumption of procedures, the pro-
vision of peri- and postoperative cardiac surgical care in the
setting of a pandemic requires strict infection control mea-
sures for the protection of patients and health care
personnel.''”"?  While the reassuring findings are
encouraging, continued comprehensive COVID-19 infec-
tion control protocol implementation and COVID-19
screening of patients and health care personnel and proac-
tive management of coronary artery disease patients is
needed.'””' Our data do not provide information
regarding the COVID-19 infection rates among health
care workers taking care of patients who underwent
CABG. Given that very few patients were diagnosed with
COVID-19 in the postoperative period highlights the effec-
tiveness of preoperative screening and strict infection con-
trol measures. The findings from our study may help
guide the conversation at the time of consenting of patients
prior to CABG.”

Our study findings may be limited by the use of adminis-
trative EHR data to identify the study outcomes. There may
be undercoding of prevalent medical conditions such as
ischemic heart disease in the EHR data. These limitations
of EHR data have been described previously.””® Given
the observational nature of the study, there may also be
residual confounding in our analysis due to unmeasured
confounders. There may have been changes in the coding
practices for cardiovascular procedures over time that
cannot be accounted for in these data. The decline in
CABG volume noted in our study may have been more
profound in regions in which the impact of COVID-19
was more widespread. Since the TriNetX database deiden-
tifies patients at the individual and organizational level,
we are unable to ascertain a clustering effect of COVID-
19 on CABG volume. We were also unable to assess the dis-
ease severity, hemodynamic and echocardiographic param-
eters, and preoperative risk metrics such as the Society of
Thoracic Surgeons risk calculator score, due to limited
patient-level information available in the patient EHRs.
However, this study still provides important contemporary
information on the impact of COVID-19 on CABG proced-
ure volume and associated clinical outcomes.

CONCLUSIONS
There has been a substantial decline in CABG volume
during the COVID-19 pandemic. However, the risk of
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Impact of COVID-19 Pandemic on Coronary Artery Bypass Graft Surgery
Outcomes in the United States
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Similar Clinical Outcomes in Patients undergoing CABG During COVID-19 Pandemic

Mortality Stroke
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Conclusion
The number of patients undergoing CABG in 2020 has substantially declined compared to 2019. An
encouraging observation of similar risk of adverse clinical outcomes was seen among patients undergoing
CABG in the setting of COVID-19 pandemic compared with those undergoing CABG in 2019.

FIGURE 4. Impact of COVID-19 Pandemic on CABG surgery outcomes in the United States. This figure describes the decline in the number of patients
undergoing CABG surgery in the prepandemic (2019) and the pandemic period (2020). After propensity-score matching, 3569 patient-pairs were identified,
and the odds of the study outcomes were similar between the patients undergoing CABG in 2019 and 2020. COVID-19, Coronavirus disease 2019; CABG,
coronary artery bypass graft; AKI, acute kidney injury; ARDS, acute respiratory distress syndrome; OR, odds ratio; CI, confidence interval.

developing adverse clinical outcomes after CABG has not
been affected by the pandemic. These findings may be reas-
suring for patients requiring cardiovascular care in the
setting of the pandemic.
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APPENDIX 1. METHODS

The TriNetX Research Network database is a federated
health research database that integrates the electronic health
records of nearly 59 million patients. The diagnoses, pro-
cedures, vital signs, and laboratory results are linked to a
unique deidentified patient ID. The deidentified patient ID
is linked with a unique deidentified encounter ID. The vari-
ables available in the dataset are present as categorical (for
diagnoses, procedures, and medication) or continuous (lab-
oratory results and vital signs).

The data in TriNetX datasets are as follows:

e primarily from health care organization (HCO)’s elec-
tronic medical record systems; and

e collected for the primary purpose of providing care to pa-
tients.

The data in TriNetX datasets are not.

e claims data, data primarily collected for the purposes of
billing; or
e data collected for the purposes of randomized clinical trials.

The majority of the HCOs are large academic medical in-
stitutions with both inpatient and outpatient facilities. Most
of these HCOs are adult acute-care hospitals with multiple
facilities and locations. All HCOs are currently located
within the United States. The individual HCOs provide Tri-
NetX with both inpatient and outpatient data. The data they
provide is representative of the entire patient population at
the HCO. Thus, the data from each HCO represent a com-
bination of data from hospitals, urgent care centers, and pri-
mary care clinics. Most HCOs provide an average of seven
years of historical data.

TriNetX typically receives data from HCOs and other
data providers in 1 of 2 ways:

1. TriNetX obtains data directly from an HCO’s research
repository (eg, i2b2) into the TriNetX environment.

2. A HCO or data provider sends TriNetX data extracts in
the form of CSV files.

TriNetX requires at least 1 nondemographic fact for
a patient record for it to be counted in the database.
The referential integrity is maintained by ensuring
that all patient records are organized with a deidentified
patient ID and an encounter ID, which are linked with
the diagnosis codes, procedure codes, and medication

codes. This allows all patient records from the different
health care organizations to be stored in a standardized
format that can be made available to researchers for
use.

TriNetX maps the data to a standard and controlled set of
clinical terminologies. The data are then transformed into a
proprietary data schema. This transformation process in-
cludes an extensive data quality assessment that includes
“data cleaning.” This process rejects records that do not
meet the TriNetX quality standards of having the electronic
medical record data in the proper format to be accepted as a
valid patient record.

The database currently contributes to the National Insti-
tutes of Health-National Center for Advancing Transla-
tional Sciences’ National COVID Cohort Collaborative,"!
which aims to combine the electronic health records of all
US health care organizations. The TriNetX database has
also partnered with the Food & Drug Administration’s Of-
fice of Surveillance and Epidemiology™ and the Sentinel
Operations Center, led by the Harvard Pilgrim Health
Care Institute,”® to provide real-world surveillance data
for epidemiologic research. The work from this database
has been cited in the Centers for Disease Control and
Prevention policy guidelines™ regarding COVID-19 in
children.

There are several HCOs, including the University of Ala-
bama at Birmingham, all of which are in the United States,
which contributed to the data in this study. Due to contrac-
tual data-use agreement limitations and to ensure patient
privacy, the TriNetX Research Network cannot share all
of the details of the individual participant health care orga-
nizations. Table E1 enlists the health care organizations that
publicly acknowledge the partnership with TriNetX
Research Network.
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FIGURE E1. Data tables relationship for TriNetX Research Network Database. This figure demonstrates the various raw data tables from the TriNetX

Research Network database and their relationship.
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FIGURE E2. Temporal trend in CABG volume in 2019 and 2020. The curves in this figure demonstrates the temporal trend in monthly CABG surgery
cases in the 2019 (blue) and 2020 (orange) study periods. CABG, Coronary artery bypass graft.
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FIGURE E3. Temporal trend in COVID-19 hospitalizations in the TriNetX Research Network Database. The curves in this figure demonstrates the
temporal trend in monthly COVID-19 hospitalization at the hospitals in the TriNetX database. COVID-19, Coronavirus disease 2019.
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TABLE E1. The health care organizations that publicly acknowledge the partnership with TriNetX Research Network

Serial no.

Organization name

Internet hyperlink

1 The University of Alabama at Birmingham https://www.uab.edu/ccts/partnerships/collaborative-platforms/trinetx
2 University of Texas Southwestern Medical https://www.utsouthwestern.edu/research/translational-medicine/doing-
Center research/biomedical-informatics/trinetx.html

3 John Hopkins University https://ictr.johnshopkins.edu/programs_resources/programs-resources/i2c/
trinetx/

4 Icahn School of Medicine at Mount Sinai http://researchroadmap.mssm.edu/reference/systems/trinetx/

5 Tufts Medical Center https://www.tuftsctsi.org/research-services/informatics/

6 Weil Cornell University https://its.weill.cornell.edu/services/research-informatics/trinetx

7 Thomas Jefferson University https://www.prnewswire.com/news-releases/jefferson-joins-the-trinetx-
network-to-revolutionize-clinical-trial-design-to-enhance-and-
accelerate-the-development-of-new-drugs-300266109.html

8 University of Cincinnati https://www.cctst.org/programs/biomedical-informatics/trinetx

9 Ochsner Health System https://www.prnewswire.com/news-releases/ochsner-health-system-
partners-with-trinetx-an-international-research-data-network-
300270971.html

10 Penn State College of Medicine https://ctsi.psu.edu/research-support/trinetx/

11 University of Iowa https://icts.uiowa.edu/investigators/biomedical-informatics-core/trinetx

12 University of Rochester Medical Center https://www.urmc.rochester.edu/clinical-translational-science-institute/
informatics/cohort-discovery/trinetx.aspx

13 Houston Methodist Hospital https://www.prnewswire.com/news-releases/houston-methodist-hospital-
joins-trinetx-to-enhance-study-feasibility-academic-collaboration-and-
participation-in-clinical-trials-300803126.html

14 University of Kentucky https://med.uky.edu/news/university-kentucky-joins-trinetx-network

15 University Hospital, Cleveland https://www.uhhospitals.org/uh-research/for-researchers/research-and-
clinical-trials/for-researchers/research-toolbox/trinetx

16 University of South Florida https://hscweb3.hsc.usf.edu/blog/2016/08/05/welcome-to-i2b2-our-
powerful-new-research-tool/

17 Virginia Commonwealth University https://cctr.veu.edu/support/informatics/cohort-discovery/

18 University of Tennessee Health Sciences https://tnctsi.uthsc.edu/consultation-and-services/biomedical-informatics/

Center

19 Medical University of South Carolina https://research.musc.edu/resources/sctr/spotlight/2020/06/trinetx

20 Carilion Clinic https://trinetx.com/carilion-clinic-joins-trinetx/

21 Nationwide Children’s Hospital https://trinetx.com/nationwide-childrens-hospital-joins-the-trinetx-health-
research-network/

22 Children’s National Hospital https://www.prnewswire.com/news-releases/childrens-national-research-
institute-expanding-research-resources-for-investigators-driving-multi-
site-pediatric-collaboration-with-trinetx-300942916.html

22 Boston Children’s Hospital https://www.prnewswire.com/news-releases/boston-childrens-hospital-
accelerates-data-driven-approach-to-clinical-research-by-joining-the-
trinetx-global-health-research-network-300601082.html

23 Children’s Hospital, Colorado https://trinetx.com/clients/childrens-hospital-colorado/
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TABLE E2. Diagnosis codes used in the study analyses

Characteristic

CPT/ICD/LOINC codes

CABG

COVID-19 diagnosis

Mortality

Mechanical ventilation

Stroke

Acute kidney injury
ARDS

Alcohol abuse
Asthma

COPD

Chronic kidney disease
Diabetes mellitus
Heart failure
Hypertensive disease
Ischemic heart disease
Nicotine dependence

Neoplasm

CPT: 1006207 (Combined arterial-venous grafting for coronary bypass)

CPT: 1006199 (Venous grafting only for coronary artery bypass)

CPT: 1006216 (Arterial grafting for coronary artery bypass)

CPT: 0210-0213 (Coronary artery bypass)

U07.1 (ICD-10 COVID-19)—Lab confirmed COVID-19

94309-2 (LOINC: SARS-CoV-2 [COVID-19] RNA [Presence] in unspecified specimen by NAA
with probe detection) [Positive]

94315-9 (SARS-related coronavirus E gene [Presence] in unspecified specimen by NAA with probe
detection) [Positive]

94316-7 (SARS-CoV-2 (COVID-19) N gene [Presence] in unspecified specimen by NAA with
probe detection) [Positive]

94500-6 (SARS-CoV-2 (COVID-19) RNA [Presence] in respiratory specimen by NAA with probe
detection) [Positive]

94533-7 (SARS-CoV-2 (COVID-19) N gene [Presence] in respiratory specimen by NAA with
probe detection) [Positive]

94534-5 (SARS-CoV-2 (COVID-19) RdRp gene [Presence] in respiratory specimen by NAA with
probe detection) [Positive]

94502-2 (SARS-related coronavirus RNA [Presence] in respiratory specimen by NAA with probe
detection) [Positive]

94559-2 (SARS-CoV-2 (COVID-19) ORF1ab region [Presence] in respiratory specimen by NAA
with probe detection) [Positive]

41458-1 (SARS coronavirus RNA [Presence] in unspecified specimen by NAA with probe
detection) [Positive]

“Deceased” (known deceased documented)

31500 (CPT: Intubation, endotracheal, emergency procedure)

5A1945Z (ICD-10: Respiratory ventilation, 24-96 consecutive hours)

5A1955Z (ICD-10: Respiratory ventilation, greater than 96 consecutive hours)

O0BH17EZ (ICD-10: Insertion of endotracheal airway into trachea, via natural or artificial opening)

0BHI18EZ (ICD-10: Insertion of endotracheal airway into trachea, via natural or artificial opening
endoscopic)

1022227 (CPT: ECMO/ECLS provided by physician)

39.65 (ICD-9: Extracorporeal membrane oxygenation [ECMO])

ICD-10: 160-169

ICD-10: N17

ICD-10: J80

ICD-10: F10

ICD-10: J45

ICD-10: J44.9

ICD-10: N18

ICD-10: E08-E13

ICD-10: 150

ICD-10: 110-116

ICD-10: 120-125

ICD-10: F17

ICD-10: C00-D49

The individual codes chosen for defining the study population and for the definition of study outcomes are described in the table. CPT, Current Procedural Terminology; ICD,
International Classification of Diseases; LOINC, Logical Observation Identifiers Names and Codes; CABG, coronary artery bypass grafting; COVID-19, coronavirus disease
2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; NAA, nucleic acid amplification; ECMO, extracorporeal membrane oxygenation; ECLS, extracorporeal
life support; ARDS, acute respiratory distress syndrome; COPD, chronic obstructive pulmonary disease.
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