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BACKGROUND: The role of race and ethnicity in the outcomes of cardiac arrest (CA) complicating acute myocardial infarction
(AMI) is incompletely understood.

METHODS AND RESULTS: This was a retrospective cohort study of adult admissions with AMI-CA from the National Inpatient
Sample (2012-2017). Self-reported race/ethnicity was classified as White, Black, and others (Hispanic, Asian or Pacific Islander,
Native American, Other). Outcomes of interest included in-hospital mortality, coronary angiography, percutaneous coronary
intervention, palliative care consultation, do-not-resuscitate status use, hospitalization costs, hospital length of stay, and
discharge disposition. Of the 3.5 million admissions with AMI, CA was noted in 182 750 (5.2%), with White, Black, and other
races/ethnicities constituting 74.8%, 10.7%, and 14.5%, respectively. Black patients admitted with AMI-CA were more likely to
be female, with more comorbidities, higher rates of non-ST-segment-elevation myocardial infarction, and higher neurological
and renal failure. Admissions of patients of Black and other races/ethnicities underwent coronary angiography (61.9% versus
70.2% versus 73.1%) and percutaneous coronary intervention (44.6% versus 53.0% versus 58.1%) less frequently compared
to patients of white race (p<0.001). Admissions of patients with AMI-CA had significantly higher unadjusted mortality (47.4%
and 47.4%) as compared with White patients admitted (40.9%). In adjusted analyses, Black race was associated with lower
in-hospital mortality (odds ratio [OR], 0.95; 95% CI, 0.91-0.99; P=0.007) whereas other races had higher in-hospital mortal-
ity (OR, 1.11; 95% Cl, 1.08-1.15; P<0.001) compared with White race. Admissions of Black patients with AMI-CA had longer
length of hospital stay, higher rates of palliative care consultation, less frequent do-not-resuscitate status use, and fewer
discharges to home (all P<0.001).

CONCLUSIONS: Racial and ethnic minorities received less frequent guideline-directed procedures and had higher in-hospital
mortality and worse outcomes in AMI-CA.
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CLINICAL PERSPECTIVE

What Is New?

e Racial and ethnic minorities with acute myo-
cardial infarction and cardiac arrest had lower
use of coronary angiography and percutaneous
coronary interventions.

e These differences in management together with
greater comorbidity at presentation appear to
influence outcomes associated with admissions
for acute myocardial infarction and cardiac
arrest.

e Racial/ethnic minorities, specifically Hispanic
and Asian/Pacific Islanders, experienced worse
in-hospital outcomes independent of patient-
and hospital-related factors.

What Are the Clinical Implications?

e A greater emphasis on quantitative and qualita-
tive research into the equitable care of racial/
ethnic minorities with acute myocardial infarc-
tion and cardiac arrest is needed.

e Further research into identifying the role of race/
ethnicity at pathophysiological level would be
beneficial.

Nonstandard Abbreviations and Acronyms

CA cardiac arrest

HCUP Healthcare Cost and Utilization Project
IHCA in-hospital cardiac arrest

NIS National/Nationwide Inpatient Sample

NRCPR National Registry of Cardiopulmonary
Resuscitation

OOHCA out-of-hospital cardiac arrest

Resuscitation), have evolved into nationwide quality
improvement initiatives, now known as GWTG-R (Get
with the Guidelines-Resuscitation), to address gaps in
care.® Previous CA studies have shown clear racial/
ethnic disparities, especially among Black patients,
including an increased risk of fatal coronary artery dis-
ease, while receiving lower rates of percutaneous cor-
onary intervention (PCl) and guideline-directed medical
therapies.*5~"? Patients of Hispanic and other ethnic-
itie, commonly grouped as “non-White” or “other,”
have also been found to have lower rates of coronary
angiography and PCI, with increased morbidity and
mortality from cardiovascular disease when compared
with White patients.'®*

Several theories have been posited to explain
racial/ethnic disparities in outcomes of CA, many
of which remain broadly debated. Discrepancies in
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out-of-hospital cardiac arrest (OOHCA) care, includ-
ing lack of bystander cardiopulmonary resuscitation,
lower rates of witnessed arrest, and less frequent
shockable rhythms have been associated with in-
creased mortality among racial/ethnic minorities.'®'
Additionally, differences in care by hospital center
may also contribute to outcomes of both OOHCA
and in-hospital cardiac arrest (IHCA), as Black and
Hispanic patients are often cared for in hospitals
that have been identified in national registries to
have lower overall survival rates.>' However, more
recent work has shown that gaps in care are less
pronounced, finding very little difference in prehos-
pital care or outcomes by race/ethnicity in the past
few years.6-1°

In light of these conflicting data, this study sought
to assess the racial/ethnic differences in the manage-
ment and outcomes of CA complicating AMI. We hy-
pothesized that racial/ethnic minority patients would
have worse outcomes with AMI-CA as compared with
White patients. We also sought to evaluate the racial/
ethnic differences in demographics, clinical course,
and management strategies of these cohorts to better
inform clinical care for these patients.

METHODS

Study Population, Variables, and
Outcomes

The National (Nationwide) Inpatient Sample (NIS) is
the largest all-payer database of hospital inpatient
stays in the United States. NIS contains discharge
data from a 20% stratified sample of community
hospitals and is a part of the Healthcare Quality and
Utilization Project (HCUP), sponsored by the Agency
for Healthcare Research and Quality.?® Information
regarding each discharge includes patient demo-
graphics, primary payer, hospital characteristics,
principal diagnosis, up to 24 secondary diagnoses,
and procedural diagnoses. The HCUP-NIS does not
capture individual patients but captures all informa-
tion for a given admission.?° Institutional review board
approval was not required because of the publicly
available nature of this de-identified database. These
data are available to other authors via the HCUP-NIS
database with the Agency for Healthcare Research
and Quiality.

Using the HCUP-NIS data from January 1, 2012
through December 31, 2017, a cohort of adult ad-
missions (>18 years) with AMI in the primary diagno-
sis field (International Classification of Diseases, Ninth
Revision, Clinical Modification [ICD-9-CM] 410.x and
Tenth Revision, Clinical Modification [ICD-10-CM]
121.x-22.x) were identified.?'2® A concomitant diagno-
sis of CA was identified using ICD-9-CM 427.5, 427.41,
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99.60 and 99.63; ICD-10-CM 146.x, 149.01, 149.02;
International Classification of Diseases, Tenth Revision,
Procedure Coding System (ICD-10-PCS) 5A12012. The
administrative codes for CA show a high positive pre-
dictive value for the presence of CA but poor discrim-
ination between in-hospital and out-of-hospital CA,
and therefore all admissions with CA were grouped
together.?4#?® The Deyo modification of the Charlson
Comorbidity Index was used to identify the burden
of comorbid diseases.?® Demographic characteristics
including age, sex, race/ethnicity, hospital charac-
teristics, acute organ failure, mechanical circulatory
support, cardiac procedures, fibrinolytic use, trache-
ostomy, percutaneous endoscopic gastrostomy, and
other noncardiac organ support use were identified
for all admissions using previously used methodolo-
gies from our group (Table S1).212327-37 For the pur-
poses of this analysis, race/ethnicity was classified as
White, Black, and others (Hispanic, Asian or Pacific
Islander, Native American, Others). Coding for race in
NIS combines “race” and “ethnicity” provided by the
data source into 1 data element (RACE). If both “race”
and “ethnicity” were available, ethnicity was preferred
over race in setting the HCUP value for “RACE.”° Early
coronary angiography was defined as performed on
hospital day zero.?®2° The hospital day of the perfor-
mance of the procedure was used to time concomitant
procedures,?%27-29.31

The primary outcome of interest was racial/ethnic
disparities in in-hospital mortality of admissions with
AMI complicated by CA. The secondary outcomes
included racial/ethnic disparities in coronary angiog-
raphy, early coronary angiography, median time to
angiography, PCI, mechanical circulatory support use,
palliative care consultation, do-not-resuscitate status
(DNR) use, hospitalization costs, hospital length of stay,
and discharge disposition. Multiple subgroup analyses
were performed to confirm the results of the primary
analysis stratifying the population by sex (male/female),
type of AMI (ST-segment elevation myocardial infarc-
tion [STEMI] versus non-ST-segment—elevation myo-
cardial infarction [NSTEMI]), presence of cardiogenic
shock, in-hospital cardiac arrest, and receipt of PCI.

Statistical Analysis

In accordance with HCUP-NIS recommendations,
survey procedures using discharge weights provided
with the HCUP-NIS database were used to gener-
ate national estimates.®® Within the NIS, racial/ethnic
classification was missing for =23% of the sample in
2000. Race coding improved in more recent years
with 3.6% missing in the HCUP-NIS 2017 data. The
missing racial/ethnic data are unlikely to be missing
completely at random. Certain states in the early
years of the NIS are known to have withheld racial/
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ethnic classification.3® Admissions with missing race/
ethnicity were excluded from the analysis. Chi-
square and t tests were used to compare categorical
and continuous variables, respectively. Multivariable
logistic regression was used to analyze trends over
time (referent year 2012). Univariable analysis for
trends and outcomes was performed and was repre-
sented as odds ratio (OR) with 95% CI. Multivariable
logistic regression analysis incorporating age, sex,
primary payer status, socioeconomic stratum, hos-
pital characteristics, comorbidities, acute organ fail-
ure, AMI type, cardiac procedures, and noncardiac
procedures was performed for assessing temporal
trends of prevalence and in-hospital mortality. For
the sensitivity analyses, “low income” was defined
as the 0 to 25th and 26th to 50th percentile of in-
come quartiles, whereas “high income” was defined
as >50th percentile for median income for zip code.
Temporal trends in use of early coronary angiogra-
phy, coronary angiography, and PCIl were plotted
stratified by type of AMI. For the multivariable mode-
ling, regression analysis with purposeful selection of
statistically (liberal threshold of P<0.20 in univariate
analysis) and clinically relevant variables was con-
ducted. Two-tailed P<0.05 was considered statisti-
cally significant.

The inherent restrictions of the HCUP-NIS data-
base related to research design, data interpretation,
and data analysis were reviewed and addressed.3®
Pertinent considerations include not assessing indi-
vidual hospital-level volumes, treating each entry as
an “admission” as opposed to individual patients, re-
stricting the study details to inpatient factors because
the HCUP-NIS does not include outpatient data, and
limiting administrative codes to those previously vali-
dated and used for similar studies. All statistical anal-
yses were performed using SPSS v25.0 (IBM Corp,
Armonk, NY).

RESULTS

We identified 3 504 225 admissions for AMI between
January 1, 2012 and December 31, 2017, of whom
182 750 (5.2%) were complicated by CA. Of these
182 750 admissions, White, Black, and other races/
ethnicities comprised 74.8%, 10.7%, and 14.5%, re-
spectively. White admissions with AMI-CA were on av-
erage older, more likely to have Medicare insurance,
and had higher rates of STEMI, atrial fibrillation/flutter,
and shockable rhythms compared with admissions
who were Black and other races/ethnicities. Black ad-
missions with AMI-CA were more likely to be female,
belong to the lowest income quartile, have more co-
morbidities, and higher rates of NSTEMI compared
with admissions who were White and other races/
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Table 1. Baseline Characteristics of Admissions With AMI and CA Stratified by Race/Ethnicity

White Black Others*
Characteristic (N=136 698) (N=19 468) (N=26 584) P Value
Age, y 66.8+12.9 63.9+13.5 64.9+13.4 <0.001
Female sex 31.6 43.6 31.7 <0.001
Primary payer
Medicare 56.4 53.4 46.7 <0.001
Medicaid 71 15.0 16.2
Private 277 20.2 25.0
Others® 8.8 1.4 131
Quartile of median household income for zip code
0-25th 26.0 53.0 32.2 <0.001
26th-50th 28.0 22.3 22.6
51st-75th 25.3 151 23.6
75th—100th 20.7 9.5 21.6
Charlson Comorbidity Index
0-3 40.9 39.3 40.9 <0.001
4-6 40.0 36.5 38.3
>7 19.1 24.2 20.8
Hospital teaching status and location
Rural 6.9 4.0 2.8 <0.001
Urban nonteaching 32.2 22.5 32.6
Urban teaching 60.9 73.5 64.6
Hospital bed-size
Small 12.0 1.4 1241 <0.001
Medium 285 29.9 28.5
Large 59.4 58.7 59.5
Hospital region
Northeast 17.6 13.9 16.1 <0.001
Midwest 23.4 19.8 9.4
South 40.9 56.9 371
West 1841 9.4 37.3
AMI type
ST-segment-elevation myocardial 62.7 517 60.1 <0.001
infarction
Non-ST-segment-elevation 37.3 48.3 39.9 <0.001
myocardial infarction
Atrial fibrillation or flutter 26.5 20.2 231 <0.001
Cardiac rhythm
Shockable 64.8 57.0 57.6 <0.001
Nonshockable 35.2 43.0 42.4
Acute organ failure
Multiorgan failure 551 62.3 63.2 <0.001
Respiratory 51.9 57.8 59.7 <0.001
Hepatic 10.3 13.2 13.0 <0.001
Renal 34.7 41.4 39.5 <0.001
Hematologic 9.9 12.5 13.6 <0.001
Neurologic 25.5 3341 29.9 <0.001
Cardiogenic shock 34.7 30.8 40.2 <0.001
Pulmonary artery catheterization 2.4 2.4 3.2 <0.001
(Continued)
J Am Heart Assoc. 2021;10:e019907. DOI: 10.1161/JAHA.120.019907 4



Subramaniam et al

Table 1. Continued

Racial/Ethnic Differences in AMI-CA

White Black Others*
Characteristic (N=136 698) (N=19 468) (N=26 584) P Value
Invasive mechanical ventilation 50.1 59.0 59.9 <0.001
Acute hemodialysis 1.4 2.0 2.5 <0.001

Represented as percentage or mean+SD; AMI indicates acute myocardial infarction; and CA, cardiac arrest.

*Hispanic, Asian or Pacific Islander, Native American, Others.
Self-Pay, No Charge, Others.

ethnicities (Table 1 and Table S2). Hospital character-
istics of these admissions were relatively comparable
during the study period (Table 1). During this 6-year
period, admissions with STEMI had a significantly
higher prevalence of CA compared with admissions
with NSTEMI (Figure 1A). Admissions of Black race

had higher rates of concomitant CA in both STEMI and
NSTEMI compared with other race/ethnicity categories
(Figure 1A and 1B). Adjusted temporal trends revealed
a declining trend in CA prevalence among both admis-
sions with STEMI and NSTEMI in all races (Figure 1B).

Compared with  White and Black admissions,
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Figure 1. Trends in the prevalence and in-hospital mortality of CA in admissions with AMI.

A, Unadjusted temporal trends of the proportion of admissions with AMI and CA stratified by race/ethnicity and type of AMI (P<0.001
for trend over time); B, Adjusted odds ratio for CA in STEMI and NSTEMI admissions by year stratified by race/ethnicity (with 2012 as
the referent); adjusted for age, sex, comorbidity, primary payer, hospital region, hospital location and teaching status, and hospital bed
size, atrial fibrillation/flutter, ventricular tachycardia/fibrillation, cardiogenic shock, coronary angiography, and percutaneous coronary
intervention (P<0.001 for trend over time); C, Unadjusted in-hospital mortality in admissions with AMI-CA stratified by type of AMI
and race/ethnicity (P<0.001 for trend over time); D, Adjusted odds ratio for in-hospital mortality by year (with 2012 as the referent) in
admissions with AMI-CA stratified by type of AMI and race/ethnicity; adjusted for age, sex, comorbidity, primary payer, hospital region,
hospital location and teaching status, hospital bed size, acute organ failure, cardiogenic shock, atrial fibrillation/flutter, ventricular
tachycardia/fibrillation, coronary angiography, percutaneous coronary intervention, coronary artery bypass grafting, pulmonary
artery catheterization, mechanical circulatory support, invasive mechanical ventilation, and acute hemodialysis (P<0.001 for trend
over time). AMI indicates acute myocardial infarction; CA, cardiac arrest; NSTEMI, non-ST-segment-elevation myocardial infarction;
and STEMI, ST-segment-elevation myocardial infarction.
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other race/ethnicity admissions with AMI-CA had
higher rates of concomitant multiorgan failure,
cardiogenic shock, and use of invasive mechanical
ventilation. Black admissions had higher rates of
concomitant neurological, renal, and hepatic organ
failure compared with admissions who were White
and other races/ethnicities (Table 1). Black and other
race/ethnicity admissions with AMI-CA received less
frequent early coronary angiography (41.4% versus
50.2% versus 52.8%), coronary angiography (61.9%
versus 70.2% versus 73.1%), PCI (44.6% versus 53.0%
versus 58.1%), coronary artery bypass grafting, and
mechanical circulatory support compared with White
and other races/ethnicities (all P<0.001) (Table 2). The
mean time to coronary angiography from admission
was highest among Black patients (3.4+4.2 days) and
lowest among White patients (3.0+£3.7 days) (P<0.001)
(Table 2 and Table S2). These disparities persisted over
the 6-year period with White admissions consistently
receiving higher rates of early coronary angiography,
coronary angiography, and PCl compared with
admissions who were Black and other races/ethnicities
among admissions with STEMI and NSTEMI and had
shorter mean time to coronary angiography among
admissions with NSTEMI (Figures 2A through 2D).
However, a trend toward decrease in these disparities
was noted across the study period. Admissions of
other races/ethnicities had higher rates of acute organ
failure, cardiogenic shock, mechanical circulatory
support use, and pulmonary artery catheterization use.

Admissions of Black and other races/ethnicities with

Racial/Ethnic Differences in AMI-CA

AMI-CA had significantly higher unadjusted mortality
(47.4% and 47.4%) as compared with White admissions
(40.9%). In a multivariable logistic regression analysis
with White race as referent, Black race was associated
with lower in-hospital mortality (OR, 0.95; 95% CI,
0.91-0.99; P=0.007) whereas other races/ethnicities
had higher in-hospital mortality (OR, 1.11; 95% ClI, 1.08—
1.15; P<0.001 compared with White race (Table S3). In-
hospital mortality remained relatively stable between
40% 50% across all race/ethnicity categories during
this time period (Figure 1C and 1D).

Multiple subgroups analyses were performed
to verify the primary outcome. In an analysis strat-
ifying admissions as White versus non-White, the
non-White cohort had higher adjusted in-hospital
mortality in the female, high-income, STEMI presen-
tation and PCI subgroups (Figure 3). Admissions of
Black race with AMI-CA had longer length of hospital
stay, higher rates of palliative care consultation, less
frequent DNR status use, and fewer discharges to
home (Table 2). Admissions of other races/ethnicities
had higher use of DNR status and higher hospital-
ization costs compared with White and Black admis-
sions (Table 2).

In a supplementary analysis, we expanded the
other race/ethnicity category into Hispanic, Asian/
Pacific Islander, Native American, and other groups
to better understand the differences in these sub-
groups (Table S4). Compared with White admis-
sions with AMI-CA, all subgroups of other race/
ethnicity category (Hispanic, Asian/Pacific Islander,

Table 2. Clinical Outcomes of Admissions With AMI and CA Stratified by Race/Ethnicity

White Black Others*

Characteristic (N=136 698) (N=19 468) (N=26 584) P Value
In-hospital mortality 40.9 474 474 <0.001
Length of stay, d 71£9.2 8.9+13.3 8.2+11.3 <0.001
Coronary angiography 7341 61.9 70.2 <0.001
Early coronary angiography 52.8 41.4 50.2 <0.001
Mean time to angiography 3.0+£3.7 3.4+4.2 3.2+3.9 <0.001
Percutaneous coronary intervention 581 44.6 53.0 <0.001
Mechanical circulatory support 23.5 194 27.9 <0.001
Coronary artery bypass grafting 9.3 7.3 10.5 <0.001
Palliative care consultation 9.8 10.5 9.6 0.008
Do-not-resuscitate status 15.6 15.3 16.8 <0.001
Hospitalization costs (x1000 US dollars) 146.8+186.9 151.56+183.1 198.9+248.6 <0.001
Discharge disposition

Home 55.2 47.3 51.6 <0.001

Transfer 8.7 10.0 10.9

Skilled nursing facility 231 28.3 2341

Home with home health care 12.2 13.5 13.6

Against medical advice 0.8 0.9 0.7
Represented as percentage or mean+SD; AMI indicates acute myocardial infarction; and CA, cardiac arrest.
*Hispanic, Asian or Pacific Islander, Native American, Others.
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Figure 2. Temporal trends in the use of cardiac procedures in admissions with AMI-CA.

A, Temporal trends of the proportion of admissions with AMI-CA receiving early coronary angiography; B, coronary angiography; C,
PCI; and D, time to angiography stratified by type of AMI (P<0.001 for trend over time). AMI indicates acute myocardial infarction; CA,
cardiac arrest; NSTEMI, non—-ST-segment-elevation myocardial infarction; PCI, percutaneous coronary intervention; and STEMI, ST-

segment-elevation myocardial infarction.

Native American, and other groups) had higher rates
of concomitant multiorgan failure and cardiogenic
shock (Table S4). Use of coronary angiography was
lower in Hispanic, Asian/Pacific Islander, and Native
American groups with AMI-CA with lower rates of
PCl use seen in Hispanic and Asian/Pacific Islander
in comparison to White admissions with AMI-CA
(Table S5). Mechanical circulatory support was used
more often in Hispanic, Asian/Pacific Islander, Native
American, and other groups compared with White
admissions.

Similar to the primary analysis, compared with
White admissions with AMI-CA (40.9%), admissions
belonging to Hispanic (49.3%), Asian/Pacific is-
lander (48.7%), Native American (45.2%), and other
(42.5%) groups had higher unadjusted in-hospital
mortality (Table S5). In adjusted analysis, with White
race as referent, Black race was associated lower
in-hospital mortality (OR, 0.95; 95% CI, 0.91-0.99;
P=0.008) whereas Hispanic (OR, 1.16; 95% ClI, 1.11—
1.21; P<0.001) and Asian/Pacific Islander (OR, 1.11;

J Am Heart Assoc. 2021;10:e019907. DOI: 10.1161/JAHA.120.019907

95% CI, 1.03-1.19; P=0.003) groups were assocCi-
ated with higher adjusted in-hospital mortality with
Native American and Other ethnicity (OR, 1.03; 95%
Cl, 0.97-1.09; P=0.32) group having comparable in-
hospital mortality (Table S6).

DISCUSSION

In this large contemporary study, evaluating for ra-
cial/ethnic differences in the management and out-
comes of CA in admissions with AMI, we noted CA
to complicate 5.2% of all admissions with AMI with
a higher prevalence in the Black race. Admissions
of Black and other races/ethnicities had consistently
lower use of guideline-directed therapies (such as
coronary angiography and PCI), longer time to angi-
ography, and greater use of palliative care and DNR
status. Though Black race had higher unadjusted
mortality, these differences were not noted when
adjusted for in-hospital factors and comorbid condi-
tions. Admissions of other race/ethnicity categories
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Figure 3. Subgroup analyses for in-hospital mortality in non-White admissions with AMI-CA
compared with White race.

Multivariable adjusted odds ratios (ORs) (95% Cls) for in-hospital mortality in non-White admissions
with AMI-CA compared with White admissions with AMI-CA. Each subgroup was adjusted for age,
sex, race/ethnicity, comorbidity, primary payer, hospital region, hospital location and teaching status,
hospital bed size, acute organ failure, cardiogenic shock, atrial fibrillation/flutter, ventricular tachycardia/
fibrillation, coronary angiography, percutaneous coronary intervention, coronary artery bypass grafting,
pulmonary artery catheterization, mechanical circulatory support, invasive mechanical ventilation, and
acute hemodialysis. Adjusted ORs (95% Cls >1 signify a higher in-hospital mortality. AMI indicates acute
myocardial infarction; CA, cardiac arrest; IHCA, in-hospital cardiac arrest; IHM, in-hospital mortality;
NSTEMI, non-ST-segment-elevation myocardial infarction; PCI, percutaneous coronary intervention; and
STEMI, ST-segment-elevation myocardial infarction.

had consistently higher in-hospital mortality com-
pared with White admissions.

Our sample had a heterogeneous race/ethnicity
distribution with 74.8% of admissions with CA being
White, and 10.7% and 14.5% of admissions of Black
or other races/ethnicities respectively. Prior studies
of IHCA include populations ranging from 73 to 88%
White, and OOHCA populations range from 47 to 91%
White depending on the geographic region represent-
ed.!%40-46 Although our distribution is comparable to
prior studies of both IHCA and OOHCA, it has been
well documented that Black race is associated with
higher incidence of CA."549-46 The reasons behind this
disparity in incidence of CA by race/ethnicity are likely
multifactorial but raise significant concern for inequity
in prearrest factors and resuscitation efforts. #4345

Prearrest factors contributing to disparities in CA
include higher overall burden of comorbidities, poorly
controlled comorbidities, and younger age in Black
admissions with CA and AMI.'®'? Insights from the
CRUSADE (Can Rapid Risk Stratification of Unstable
Angina Patients Suppress Adverse Outcomes With
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Early Implementation of the ACC/AHA Guidelines?)
initiative and Dynamic Registry reported higher rates
of obesity, hypertension, diabetes mellitus, renal in-
sufficiency, tobacco use, and history of heart failure or
stroke.'%"? Differences in rates of shockable rhythms in
IHCA have also been proposed to account for a large
degree of difference in outcomes.*'*3 However, when
in-hospital outcomes of pulseless electrical activity
arrest and asystole have been compared between
White and Black patients, Black patients still have
lower survival to hospital discharge (OR, 0.85; 95%
Cl, 0.79-0.92) and lower rate of return of spontaneous
circulation (OR, 0.88; 95% CI, 0.84-0.92) when com-
pared with White patients.*! A study from the GWTG-R
database found that patient, event, and hospital char-
acteristics could not fully explain this difference. Other
potential explanations included the setting in which
a patient arrests (telemetry versus nontelemetry unit)
and/or control of chronic comorbidities, such as diabe-
tes mellitus, hypertension, and chronic kidney disease.
Another notable difference in admission characteristics
is higher rate of CA in admissions with both STEMI and
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NSTEMI for Black patients, which is clearly correlated
with increased mortality and may be reflective of lower
rate of revascularization and use of primary/secondary
prevention in this population.® Finally, it is notable that
Black admissions for AMI-CA were more likely to be fe-
male. Prior studies have showed increased risk of fatal
coronary artery disease events and increased need for
multivessel PClI among Black women, highlighting a
particularly vulnerable population.**

Our study demonstrated lower rates of guideline-
directed therapies for Black and other racial/ethnic
minority patients when compared with White patients
admitted for AMI-CA, which is consistent with other
studies spanning several decades of investigation.®"°
Our data were consistent with studies by Ayanian et al
and Peterson et al who found lower rates of coronary
angiography and revascularization in Black patients
across a variety of hospitals and found this trend to
persist despite a large predicted benefit of an early in-
vasive strategy.5® Similarly, the California Cooperative
Cardiovascular Project found that racial/ethnic minori-
ties were less likely than White patients to have re-
ceived cardiac catheterization and PCI. Asian patients
have also been found to have lower rates of invasive
cardiovascular procedures when compared with White
patients.”

We found differences in the rates of DNR status
and palliative care consultation by race/ethnicity. The
existing data surrounding this issue is mixed.” We
found Black patients were less likely to have a DNR
status compared with White patients and other racial/
ethnic minorities (15.3% versus 15.6% versus 16.8%).
Some have suggested that the difference in outcomes
of Black patients when compared with White patients
after CA may be related to decreased use of DNR
status in patients who would be unlikely to survive
cardiopulmonary resuscitation, including those with
dependency for activities of daily living, impaired renal
function, advanced age, hypotension on admission, or
admission with sepsis.” This hypothesis is supported
by our finding that Black patients and others admitted
with AMI-CA have both more comorbidities and higher
rates of acute organ failure. We also found that Black
patients were more likely to receive palliative care con-
sultation when compared with White and other pa-
tients. Others have posited that the rise of palliative
care is falsely improving survival in racial/ethnic mi-
norities with more comorbidities who develop IHCA.#
Conversely, Woo et al found that Black and Hispanic
patients received significantly lower rates of palliative
care consultation and higher rates of aggressive care
including renal replacement therapy, percutaneous
gastrostomy, and tracheostomy.*® However, this was a
cohort of patients presenting with OOHCA, suggesting
that trends may be divergent depending on the setting
in which a patient arrests.*®
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Finally, in our analysis we found unadjusted in-
hospital mortality was higher for admissions who
were Black and other racial/ethnic minorities when
compared with White admissions (47.4% and 47.4%
versus 40.9%). This is consistent with several prior
studies of both IHCA and OOHCA. 55174041 Chan et
al found Black patients less likely to survive to hospi-
tal discharge than White patients with IHCA (relative
risk, 0.73; 95% CI, 0.67-0.79); however, adjustment
for hospital center minimized much of this gap in the
NRCPR registry suggesting that gaps in care were
created by quality of hospital care instead of race/
ethnicity alone.® Merchant et al found a similar trend
for OOHCA, with unadjusted survival favoring White
patients and adjusted analysis showing the disparity
was primarily accounted for by overall hospital sur-
vival.'® Furthermore, when hospitals were stratified
by survival rate, Black patients actually fared better
than White patients at “low survival” hospitals. Desai
et al found that Hispanic and Asian patients had
higher odds of in-hospital mortality for multivessel
PCl admissions (OR, 1.51 and 1.22 respectively)."
This population correlates in our study to other races/
ethnicities, who were found to have higher adjusted
mortality, the highest mean hospitalization cost, and
overall longer length of stay. The category of other
non-White races/ethnicities captures people who are
Hispanic, Asian or Pacific Islander, Native American,
and others, who represent a growing proportion of
the US population. Although it appears that gaps in
care for AMI-CA are improving in Black patients, it is
widening in other non-White populations, which war-
rants further investigation and intervention.'®18

Limitations

Despite the HCUP-NIS database’s attempts to miti-
gate potential errors by using internal and external
quality control measures, this study has several limita-
tions. Prior validation of administrative codes for AMI
and CA reduces the inherent errors in the study.?42°
The HCUP-NIS database does not provide important
information such as receipt of bystander cardiopul-
monary resuscitation, quality of cardiopulmonary
resuscitation, timing of multiorgan failure, timing of
CA relative to AMI presentation, and extent of neuro-
logical injury. Echocardiographic data, angiographic
variables, and hemodynamic parameters were una-
vailable in this database, which limits physiological
assessments of disease severity. Despite best at-
tempts at controlling for confounders by a multivari-
ate analysis, it is possible that observed results could
be because of residual confounding. Finally, our data
are reflective of only in-hospital outcomes and can-
not comment on the long-term outcomes of these
admissions. Importantly, the NIS does not capture
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individual patients but identifies all information for
each admission. Recurrent hospitalizations of the
same individual will appear as distinct observations.
Therefore, each encounter has been referred to as an
“admission” as opposed to a “patient” in this analy-
sis. Despite these limitations, this study addresses
an important knowledge gap highlighting the racial/
ethnic disparities in CA complicating AMI in a con-
temporary population.

CONCLUSIONS

Significant racial/ethnic disparities exist in in-hospital
mortality among admissions with AMI complicated
with CA. The differences observed in in-hospital man-
agement and comorbidity associated with race/eth-
nicity appears to have a role in associated outcomes.
Racial/ethnic minorities continue to experience worse
in-hospital outcomes independent of patient and
hospital-related factors. Urgent quantitative and quali-
tative research into the equitable care of racial/eth-
nic minorities with AMI-CA is needed to address this
disparity.

Take Home Point

Significant racial/ethnic disparities observed in in-
hospital management and a higher proportion of co-
morbidities in racial/ethnic minorities appear to affect
outcomes of admissions with AMI-CA.
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Table S1. Administrative codes used for identification of diagnoses and procedures.

Comorbidity International Classification of Diseases 9.0 Clinical Modification Codes
Cardiac arrest Cardiac arrest 427.5

Ventricular fibrillation 427.41

Cardiopulmonary Resuscitation | 99.60

Closed Chest Cardiac Massage 99.63

Coronary angiography

37.22, 37.23, 88.53-88.56

Percutaneous coronary intervention

00.66, 36.01, 36.02, 36.05, 36.06, 36.07, 88.57

Invasive hemodynamic assessment

89.63, 89.64, 89.66, 89.67, 89.68

Mechanical circulatory support

37.61, 37.68, 39.65

Invasive mechanical ventilation

96.7, 96.70, 96.71, 96.72

Hemodialysis

39.95

Hepatic failure

570.0, 572.2,573.3,573.4

Respiratory failure

518.81, 518.82, 518.85, 786.09, 799.1, 96.7, 96.70, 96.71, 96.72

Renal failure

584, 584.5, 584.6, 584.7, 584.8, 584.9

Hematologic failure

286.6-286.9, 287.4, 287.5

Neurological failure

293, 293.0, 293.1, 293.8, 293.81-293.84, 293.89, 293.9, 348.1, 348.3, 348.30, 348.81,

348.39, 780.01, 780.09, 89.14




Table S2. Univariate associations with in-hospital mortality in AMI-CA.

Total cohort Odds ratio 95% confidence interval P
(N=182,750) Lower Limit | Upper Limit
Race White Reference category
Black 1.30 1.26 1.34 <0.001
Others” 1.30 1.27 1.34 <0.001
Age (years) <75 years Reference category
>75 years 2.98 2.92 3.05 <0.001
Female sex 1.54 1.51 1.57 <0.001
Primary payer Medicare Reference category
Medicaid 0.49 0.48 0.51 <0.001
Private 0.33 0.33 0.34 <0.001
Others* 0.54 0.52 0.56 <0.001
Quartile of 0-25t Reference category
median household | 26™-50™ 0.86 0.83 0.88 <0.001
income for zip 5175t 0.78 0.76 0.80 <0.001
code 75t-100t 0.78 0.76 0.80 <0.001
Hospital teaching | Rural Reference category




status and location | Urban Non-Teaching 0.87 0.83 0.91 <0.001
Urban Teaching 0.85 0.82 0.89 <0.001
Hospital bed-size | Small Reference category
Medium 1.01 0.97 1.04 0.67
Large 0.95 0.92 0.98 <0.001
Hospital region Northeast Reference category
Midwest 0.86 0.83 0.89 <0.001
South 1.01 0.98 1.04 0.44
West 1.03 0.99 1.06 0.08
Charlson 0-3 Reference category
Comorbidity 4-6 2.09 2.04 2.13 <0.001
Index >7 3.49 3.40 3.59 <0.001
Type of AMI ST-segment elevation Reference category
Non-ST-segment elevation 1.53 1.51 1.56 <0.001
Multi-organ failure 2.57 2.52 2.62 <0.001
Cardiogenic shock 1.89 1.85 1.92 <0.001
Atrial fibrillation/flutter 1.15 1.13 1.18 <0.001
Ventricular tachycardia/fibrillation 0.24 0.24 0.25 <0.001




Coronary angiography 0.20 0.20 0.21 <0.001
Percutaneous coronary intervention 0.26 0.26 0.27 <0.001
Coronary artery bypass grafting 0.40 0.39 0.41 <0.001
Pulmonary artery catheterization 1.07 1.01 1.13 0.03

Mechanical circulatory support 1.19 1.17 1.22 <0.001
Invasive mechanical ventilation 2.23 2.19 2.27 <0.001
Acute hemodialysis 2.08 1.93 2.24 <0.001

“Hispanic, Asian or Pacific Islander, Native American, Others; *Self-Pay, No Charge, Others

AMI: acute myocardial infarction; CA: cardiac arrest




Table S3. Multivariable regression for in-hospital mortality in AMI-CA.

Total cohort Odds ratio 95% confidence interval P
(N=182,750) Lower Limit | Upper Limit
Race White Reference category
Black 0.95 0.91 0.99 0.007
Others” 111 1.08 1.15 <0.001
Age (years) <75 years Reference category
>75 years 1.73 1.68 1.79 <0.001
Female sex 1.13 1.10 1.16 <0.001
Primary payer Medicare Reference category
Medicaid 0.67 0.65 0.70 <0.001
Private 0.60 0.58 0.62
Others* 0.92 0.88 0.96 <0.001
Quartile of 0-25% Reference category
median household | 26%"-50t" 0.92 0.89 0.95 <0.001
income for zip 51st-75M 0.85 0.83 0.88 0.78
code 75t-100t" 0.83 0.80 0.85 0.74
Hospital teaching | Rural Reference category




status and location | Urban Non-Teaching 1.04 0.99 1.10 0.13
Urban Teaching 1.16 1.10 1.22 <0.001
Hospital bed-size | Small Reference category
Medium 1.15 1.10 1.19 <0.001
Large 1.15 111 1.20 <0.001
Hospital region Northeast Reference category
Midwest 1.05 1.01 1.09 0.02
South 111 1.08 1.15 <0.001
West 1.14 1.10 1.19 <0.001
Charlson 0-3 Reference category
Comorbidity 4-6 1.20 1.17 1.24 <0.001
Index >7 1.42 1.37 147 <0.001
Type of AMI ST-segment elevation Reference category
Non-ST-segment elevation 0.77 0.75 0.79 <0.001
Multi-organ failure 1.51 1.47 1.56 <0.001
Cardiogenic shock 1.63 1.58 1.68 <0.001
Atrial fibrillation/flutter 0.82 0.80 0.84 <0.001
Ventricular tachycardia/fibrillation 0.36 0.35 0.36 <0.001




Coronary angiography 0.42 0.41 0.44 <0.001
Percutaneous coronary intervention 0.37 0.36 0.38 <0.001
Coronary artery bypass grafting 0.23 0.22 0.24 <0.001
Pulmonary artery catheterization 0.97 0.91 1.04 0.41

Mechanical circulatory support 1.79 1.74 1.84 <0.001
Invasive mechanical ventilation 1.37 1.34 141 <0.001
Acute hemodialysis 1.13 1.03 1.23 0.01

“Hispanic, Asian or Pacific Islander, Native American, Others; *Self-Pay, No Charge, Others

AMI: acute myocardial infarction; CA: cardiac arrest




Table S4. Baseline characteristics of AMI admissions with CA stratified by race.

Characteristic White Black Hispanic Asian/Pacific Islander | Native American Other P
(N=136,698) | (N=19,468) | (N=14,286) (N=5,163) (N=890) (N=6,245)

Age (years) 66.8+129 | 63.9+135 | 65.1+13.2 66.4 +13.6 62.3+12.3 63.6 £ 13.7 | <0.001
Female sex 31.6 43.6 34.1 30.6 30.8 27.4 <0.001
Primary payer Medicare 56.4 53.4 48.8 47.1 47.1 41.6 <0.001

Medicaid 7.1 15.0 15.5 13.3 13.3 16.1

Private 21.7 20.2 21.3 30.7 26.9 28.6

Others* 8.8 114 143 8.9 12.8 13.7
Quartile of median 0-25t 26.0 53.0 40.8 13.8 44.3 26.2 <0.001
household income  Fogi_5om 28.0 22.3 24.7 17.2 238 22.0
for zip code 51st-75t 25.3 15.1 22.2 27.1 16.4 24.9

75t-100t 20.7 9.5 12.3 419 155 26.9
Charlson 0-3 40.9 39.3 39.2 39.3 41.7 46.2 <0.001
Comorbidity Index 74 40.0 36.5 38.3 37.2 420 38.6

=17 19.1 24.2 22.5 235 16.3 15.2




Hospital teaching Rural 6.9 4.0 2.2 2.2 14.9 2.9 <0.001
status and location  |"jrpan non-teaching 322 225 348 317 283 28.9
Urban teaching 60.9 73.5 63.0 66.0 56.7 68.3
Hospital bed-size Small 12.0 114 12.3 13.2 12.0 10.6 <0.001
Medium 28.5 29.9 30.4 27.3 25.5 25.4
Large 59.4 58.7 57.3 59.5 62.5 64.0
Hospital region Northeast 17.6 13.9 12.0 14.8 4.5 28.3 <0.001
Midwest 23.4 19.8 6.9 8.8 23.6 13.9
South 40.9 56.9 45.2 147 38.0 37.1
West 18.1 94 35.9 61.8 33.9 20.7
AMI type STEMI 62.7 51.7 59.2 58.1 51.2 64.9 <0.001
NSTEMI 37.3 48.3 40.8 41.9 48.8 35.1
Atrial fibrillation or flutter 26.5 20.2 22.9 254 18.9 22.3 <0.001
Cardiac rhythm Shockable 64.8 57.0 55.2 57.3 62.5 62.7 <0.001
Non-shockable 35.2 43.0 44.8 42.7 37.5 37.3




Acute organ failure | Multi-organ failure 55.1 62.3 62.7 65.8 63.4 62.3 <0.001
Respiratory 51.9 57.8 60.6 60.3 55.2 57.9 <0.001
Hepatic 10.3 13.2 11.9 15.0 12.0 13.8 <0.001
Renal 34.7 41.4 394 41.6 39.3 38.1 <0.001
Hematologic 9.9 125 12.0 175 10.3 145 <0.001
Neurologic 25.5 33.1 28.9 33.3 25.3 30.2 <0.001
Cardiogenic shock 34.7 30.8 38.5 42.0 44.5 42.2 <0.001
Pulmonary artery catheterization 2.4 2.4 2.7 4.2 2.9 3.7 <0.001
Invasive mechanical ventilation 50.1 59.0 60.8 62.7 56.1 56.3 <0.001
Acute hemodialysis 1.4 2.0 2.3 3.0 3.4 2.4 <0.001

Represented as percentage or mean + standard deviation; “Self-Pay, No Charge, Others

AMI: acute myocardial infarction; CA: cardiac arrest; NSTEMI: non-ST-segment-elevation myocardial infarction; STEMI: ST-segment-elevation

myocardial infarction




Table S5. Clinical outcomes of AMI admissions with CA stratified by race.

Characteristic White Black Hispanic Asian/Pacific Islander | Native American Other P
(N=136,698) | (N=19,468) | (N=14,286) (N=5,163) (N=890) (N=6,245)

In-hospital mortality 40.9 47.4 49.3 48.7 45.2 42.5 <0.001
Length of stay (days) 71492 8.9+133 8.1+115 8.1+10.2 7.2+65 8.7+120 | <0.001
Coronary angiography 73.1 61.9 69.8 66.8 71.1 73.8 <0.001
Early coronary angiography 52.8 41.4 50.1 48.2 41.9 53.2 <0.001
Mean time to angiography 3.0+37 34142 32143 28+28 2217 35+39 <0.001
Percutaneous coronary intervention 58.1 44.6 52.6 47.8 59.7 57.1 <0.001
Mechanical circulatory support 23.5 194 26.1 27.6 25.7 32.5 <0.001
Coronary artery bypass grafting 9.3 7.3 9.6 12.4 8.0 111 <0.001
Palliative care consultation 9.8 10.5 9.9 10.2 8.2 8.6 <0.001
Do-not-resuscitate status 15.6 15.3 18.8 15.7 111 142 <0.001
Hospitalization costs (x1000 USD) 146.8 £ 186.9 | 151.5+183.1 | 197.9+ 2394 203.6 + 248.5 142.3+ 1294 205.7 + <0.001
Discharge Home 55.2 47.3 51.3 48.6 61.3 53.2 <0.001
disposition Transfer 8.7 10.0 9.6 14.9 9.4 10.8




Skilled nursing facility 23.1 28.3 23.3 21.8 191 24.1
Home with HHC 12.2 13.5 14.6 14.5 10.2 115
Against medical advice 0.8 0.9 1.2 0.2 0.0 0.4

Represented as percentage or mean + standard deviation

AMI: acute myocardial infarction; CA: cardiac arrest; HHC: home health care; USD: United States Dollars




Table S6. Multivariable regression for in-hospital mortality in AMI-CA.

Total cohort Odds ratio 95% confidence interval P
(N=182,750) Lower Limit | Upper Limit
Race White Reference category
Black 0.95 0.91 0.99 0.008
Hispanic 1.16 111 1.21 <0.001
Asian/Pacific Islander 111 1.03 1.19 0.003
Native American & Other* 1.03 0.97 1.09 0.32
Age (years) <75 years Reference category
>75 years 1.74 1.68 1.79 <0.001
Female sex 1.13 1.10 1.16 <0.001
Primary payer Medicare Reference category
Medicaid 0.67 0.65 0.70 <0.001
Private 0.60 0.58 0.62 <0.001
Others* 0.92 0.88 0.96 <0.001
Quartile of median household | 0-25™ Reference category
income for zip code 26t™-50t 0.92 0.90 0.95 <0.001
51st-75t 0.85 0.83 0.88 <0.001




751-100t 0.83 0.80 0.86 <0.001
Hospital teaching Rural Reference category
status and location Urban Non-Teaching 1.04 0.99 1.09 0.16

Urban Teaching 1.16 1.10 1.22 <0.001
Hospital bed-size Small Reference category

Medium 1.15 1.10 1.19 <0.001

Large 1.15 111 1.20 <0.001
Hospital region Northeast Reference category

Midwest 1.05 1.01 1.09 0.02

South 1.11 1.07 1.15 <0.001

West 1.14 1.10 1.18 <0.001
Charlson Comorbidity Index 0-3 Reference category

4-6 1.20 1.17 1.24 <0.001

=17 1.42 1.37 1.47 <0.001
Type of AMI ST-segment elevation Reference category

Non-ST-segment elevation 0.77 0.75 0.79 <0.001
Multi-organ failure 1.515 1.472 1.560 <0.001
Cardiogenic shock 1.630 1.585 1.676 <0.001




Atrial fibrillation/flutter 0.82 0.80 0.84 <0.001
Ventricular tachycardia/fibrillation 0.36 0.35 0.36 <0.001
Coronary angiography 0.42 0.41 44 <0.001
Percutaneous coronary intervention 0.37 0.36 0.38 <0.001
Coronary artery bypass grafting 0.23 0.22 0.24 <0.001
Pulmonary artery catheterization 0.97 0.91 1.04 0.43

Mechanical circulatory support 1.79 1.74 1.84 <0.001
Invasive mechanical ventilation 1.37 1.34 1.41 <0.001
Acute hemodialysis 1.13 1.03 1.23 0.01

“Hispanic, Asian or Pacific Islander, Native American, Others; *Self-Pay, No Charge, Others

AMI: acute myocardial infarction; CA: cardiac arrest




