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Background: Little is known about how differences in out of hospital cardiac arrest patient vol-

ume affect in-hospital myocardial infarction (MI) mortality.

Hypothesis: Hospitals accepting cardiac arrest transfers will have increased hospital MI

mortality.

Methods: MI patients (ST elevation MI [STEMI] and non-ST elevation MI [NSTEMI]) in the

Acute Coronary Treatment Intervention Outcomes Network Registry were included. Hospital

variation of cardiac arrest and temporal trend of the proportion of cardiac arrest MI patients

were explored. Hospitals were divided into tertiles based on the proportion of cardiac arrest MI

patients, and association between in-hospital mortality and hospital tertiles of cardiac arrest was

compared using logistic regression adjusting for case mix.

Results: A total of 252 882 patients from 224 hospitals were included, of whom 9682 (3.8%)

had cardiac arrest (1.6% of NSTEMI and 7.5% of STEMI patients). The proportion of MI patients

who had cardiac arrest admitted to each hospital was relatively low (median 3.7% [25th, 75th

percentiles: 3.0%, 4.5%]).with a range of 4.2% to 12.4% in the high-volume tertiles. Unadjusted

in-hospital mortality increased with tertile: low 3.8%, intermediate 4.6%, and high 4.7%

(P < 0.001); this was no longer significantly different after adjustment (intermediate vs high ter-

tile odds ratio (OR) = 1.02; 95% confidence interval [0.90-1.16], low vs high tertile OR = 0.93

[0.83, 1.05]).

Conclusions: The proportion of MI patients who have cardiac arrest is low. In-hospital mortality

among all MI patients did not differ significantly between hospitals that had increased propor-

tions of cardiac arrest MI patients. For most hospitals, overall MI mortality is unlikely to be

adversely affected by treating cardiac arrest patients with MI.
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1 | INTRODUCTION

Out of hospital cardiac arrest associated with acute myocardial

infarction (MI) occurs in 8% to 10% of acute MI patients.1–3

Although there have been significant improvements in outcomes,

patients with cardiac arrest continue to have a high-mortality

despite aggressive treatment, including frequent use of urgent

revascularization.1–5
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Risk-adjusted mortality after MI is considered an important qual-

ity metric that influences both value-based payments and quality

rankings. Concern has been raised that conditions, such as cardiac

arrest and cardiogenic shock cannot be adequately risk adjusted.6–9

Thus, it is possible that centers that receive a larger number of Out of

Hospital cardiac arrest (OHCA) patients may see an increase in overall

risk-adjusted MI mortality. Therefore, we investigated whether a

higher cardiac arrest patient volume is associated with overall in-

hospital mortality in patients presenting with both non-ST elevation

MI (NSTEMI) and STEMI, using data from the National Cardiovascular

Data Registry (NCDR) Acute Coronary Treatment Intervention Out-

comes Network Registry (ACTION Registry).

2 | METHODS

The ACTION Registry is a nationwide, ongoing, voluntary quality

improvement registry sponsored by the American College of Cardiol-

ogy (ACC) that focuses exclusively on patients with acute MI. Details

of the design and conduct of the registry have been previously

described.10 In brief, the registry includes consecutive patients with a

primary diagnosis of STEMI or NSTEMI, who have prolonged ischemic

rest symptoms occurring within 24 hours before admission or up to

72 hours for STEMI; ischemic ECG changes associated with STEMI; or

positive cardiac markers associated with NSTEMI within 24 hours

after initial presentation.

Definitions for the data elements of the registry are available

at: https://www.ncdr.com/webncdr/action/home/datacollection. The

ACTION Registry also has a data quality program, including data

abstraction training, data quality thresholds for inclusion, site data

quality feedback reports, independent auditing, and data validation.

Auditing of data has demonstrated chart review agreement of >93%

of collected variables.11

This registry was either approved by an institutional review

board, or considered quality assurance data and not subject to

institutional review board approval based on individual site

determinations.10

2.1 | Patient population

The initial STEMI and NSTEM population included 476 073 MI

patients from April 2011 to December 2014. The following patients

were excluded sequentially: patients who arrived to hospitals with-

out surgical capabilities (n = 68 071 with 236 hospitals); patients

from sites that did not submit both STEMI and NSTEMI patients

(n = 139 with 1 hospital) because of biased submission; patients

from hospitals that did not submit data for 15 consecutive quarters

(n = 147 422 with 315 hospitals); patients who had missing cardiac

arrest on first medical contact (n = 1562), and patients who trans-

ferred out to another hospital (n = 5997) as it was unable to deter-

mine the patient's in-hospital outcomes. This resulted in a total of

252 882 patients from 224 hospitals that were included in the final

analysis.

2.2 | Definitions

Cardiac arrest was defined as patients who were evaluated by emer-

gency medical services (EMS) or emergency department (ED) person-

nel and either: received attempts at external defibrillation (by lay

responders or emergency personnel) or chest compressions by orga-

nized EMS or ED personnel; or were pulseless but did not receive

defibrillation or cardiopulmonary resuscitation by EMS personnel. For

each hospital, proportion of cardiac arrest patients was calculated as

the number of cardiac arrest patients divided by number of MI

patients. Sorting by hospital proportions of cardiac arrest patients,

hospitals were grouped into three tertiles: low, middle, and high. Hos-

pitals in the low tertile group had the lowest proportions of cardiac

arrest patients, while hospitals in the high tertile group had the high-

est proportions of cardiac arrest patients. ACTION Registry in-hospital

major bleeding was defined as previously described.12 Given that a

majority of patients undergoing coronary bypass graft surgery (CABG)

receive blood transfusions related to the surgery, bleeding events

were considered only if they occurred before CABG. An academic

hospital was defined as membership in the council of teaching

hospitals.

2.3 | Statistical analysis

Patient baseline characteristics, treatment pattern, and hospital char-

acteristics were stratified by tertiles of hospital cardiac arrest propor-

tions for the overall population and among cardiac arrest patients. In

addition, in-hospital outcomes were reported for patients with and

without cardiac arrest stratified by hospital cardiac arrest tertiles. Cat-

egorical variables were reported as percentages and continuous vari-

ables were reported as median (25th, 75th percentiles). χ2 and

Kruskal-Wallis tests were used to compare categorical and continuous

variables, respectively. To explore whether there was a temporal trend

of the hospital proportion of cardiac arrest MI patients, median (25th,

75th percentiles) were presented across year of hospital arrival, where

Kruskal-Wallis test was used to test the differences.

To investigate the relationship between hospital cardiac arrest ter-

tiles and in-hospital mortality, a logistic generalized estimating equations

regression with an exchangeable working correlation matrix to account

for within-hospital clustering of outcome was used.13 Although this

working correlation structure assumes that hospitals are independent

after adjusting for covariates, empirical SE estimates were used for infer-

ence, which provides robustness against possible misspecification of the

correlation structure. Covariates in the model were from the previously

validated and published ACTION Registry in-hospital mortality paper,14

which included: age, sex, race, weight, heart failure, cardiogenic shock,

systolic blood pressure, and heart rate at presentation, MI type (NSTEMI

and STEMI), hypertension, diabetes mellitus, prior peripheral arterial dis-

ease, current/recent smoker, dyslipidemia, prior MI, prior percutaneous

coronary intervention, prior CABG, prior heart failure, prior stroke, initial

serum creatinine, initial hemoglobin, initial troponin values, home medica-

tions (aspirin, clopidogrel, warfarin, beta-blocker, angiotensin-converting

enzyme inhibitor, angiotensin receptor blocker, aldosterone blocking

agent, statin, and non-statin lipid-lowering agent), insurance status

(health maintenance organization or private, Medicare, Medicaid, Self-
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pay or none, and other), and hospital characteristics (region, academic

hospitals, and total number of hospital beds).

Missing data was approximately 1% to 2% for all the covariates in

the model. When modeling in-hospital mortality, missing values in

continuous covariates were imputed as sex-specific medians of the

non-missing values. For categorical variables, missing values were

imputed to the most frequent group. A P-value of <0.05 was consid-

ered significant for all analyses. All statistical analyses were performed

using SAS version 9.4 software (SAS Institute, Cary, North Carolina).

3 | RESULTS

A total of 9682 MI patients had cardiac arrest, which included 7088

patients with STEMI (73.2% of cardiac arrest patients, accounting for

7.5% of all STEMI patients) and 2594 who had NSTEMI (26.8% of car-

diac arrest patients, accounting for 1.7% of NSTEMI patients). The

median proportion of MI patients who had cardiac arrest admitted to

each hospital was 3.7% (25th, 75th percentiles: 3.0%, 4.5%, range 0.9

to 12.4%) (Figure 1), which remained constant over the study period

(median 3.7% in 2011, 3.8% 2012, 3.5% 2013, and 3.6% in 2014).

When separated into tertiles, the range of hospital proportion of MI

patients who had cardiac arrest in the low tertile was 0.9% to 3.2%, in

the middle tertile was 3.2% to 4.2%, and in the high hospital tertile,

4.2% to 12.4%. Approximately, three-quarters of hospitals were non-

academic centers, with the majority located in the South or Midwest

(Table 1). When compared to high tertile hospitals, low tertile hospi-

tals were significantly less likely to be academic and had fewer hospi-

tals beds (Table 1).

Patient characteristics for the overall cohort are shown in Table 2.

Median patient age was approximately 64 years (25th, 75th percen-

tiles: 55,75), of whom approximately two-third were male, almost

three-quarters had hypertension, diabetes was present in a third, with

prior PCI and prior MI in about one quarter. When compared across

hospital tertiles, risk factors were fairly evenly distributed, with no

clinically significant differences among tertiles. However, there was an

increase in the proportion of patients who had STEMI by hospital vol-

ume tertile, from 33.9% in the low to 43.0% in the high tertile hospi-

tals. Concomitant with the increase in STEMI patients was an increase

in the proportion who had cardiogenic shock, from 3.0% to 5.1% from

the low to the high tertile. Among patients with cardiac arrest, most

characteristics across hospital tertiles were similar, other than cardio-

genic shock, which was higher in the high tertile group (37.9% in the

low volume tertile compared to 45.3% in the high-volume tertile)

(Table S1).

The proportion of patients with STEMI who did not have contra-

indications who underwent primary PCI was similar in all patients and

those with cardiac arrest (95.5%) (Tables 2 and 3). There was no clini-

cal difference in the proportion of cardiac arrest patients who had pri-

mary PCI from hospitals with low- to high-volume tertiles, which

ranged from 96.2% to 95.3% (Table 3). The median door to balloon

time in the cardiac arrest patients across hospital tertiles was similar.

Of the NSTEMI patients, 51.5% underwent revascularization, where

40.9% had PCI and 11.9% had CABG. The rate of revascularization

among NSTEMI patients was higher in the low volume tertile (54.2%)

compared to with middle (50.5%) and high-volume tertiles (50.9%)

(Table S3).

Pharmacologic treatment within 24 hours of hospital arrival was

similar among cardiac arrest patients across volume tertiles, except for

higher rates of ticagrelor and P2Y12 and lower rates of beta-blocker

use in the high-volume tertile (Table S3).

3.1 | In-hospital outcomes and mortality

Patients with cardiac arrest were more likely to experience adverse

in-hospital events compared to those without cardiac arrest (Table 3).

In-hospital mortality in cardiac arrest patients was substantially higher

than non-cardiac arrest patients: 31% vs 3.3%. Unadjusted in-hospital

mortality for all MI patients (including those with and without cardiac

arrest) was significantly lower in the lowest tertile (3.8%) when com-

pared to the middle (4.6%) and high hospital tertile (4.7%)(P < 0.001);

however, after adjustment for patient case mix the difference was no

longer significantly different (OR = 0.93; 95% CI = 0.83, 1.05 for low

compared with high tertile and OR = 1.02; 95% CI = 0.90, 1.16 for

middle compared with high tertile).

4 | DISCUSSION

We found that the overall proportion of contemporary MI patients sur-

viving to hospital admission who had cardiac arrest was low, accounting

for <4% of all MI patients. After adjustment using a model that included

patient-level variables and hospital characteristics, overall MI in-hospital

mortality did not differ significantly between hospitals that had low,

intermediate, and high proportions of cardiac arrest MI patients.

We found that increasing hospital proportions of MI patients who

had cardiac arrest did not affect overall in-hospital risk-adjusted mor-

tality. There are number of potential reasons for our findings. First,

the hospital proportion of patients with MI who had cardiac arrest

was relatively small, accounting for a median of only 3.7% of all MI

patients. Even in the high tertile, cardiac arrest patients accounted for

4.2% to 12.4% of all MI patients. The small proportion of patients

appear to have been insufficient to affect overall reported mortality.

Second, care processes and treatments were very similar among the

different tertiles of cardiac arrest patients, and were similar to that of

patients without cardiac arrest. For example, among STEMI patients
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FIGURE 1 Distribution of the hospital proportion of patients with

myocardial infarction with cardiac arrest across hospitals
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with cardiac arrest who were considered appropriate candidates, more

than 94% underwent primary PCI, and door to balloon times were

similar in the low medium and high tertile (Tables S2 and S3). The

NSTEMI patients also had high rates of coronary angiography, with

many undergoing revascularization. Third, guideline recommended

medical treatment within the first 24 hours of hospitalization was

generally similar across tertiles.

4.1 | Implications

The ACC15 and American Heart Association16,17 and currently rec-

ommend regionalized patient care for patients resuscitated from

out-of-hospital cardiac arrest at hospitals that are designated as

cardiac resuscitation centers. Prior studies have demonstrated that

regionalization of care for cardiac arrest patients has improved out-

comes, whether done at the city18–21 or state22,23 level.

One concern is that care for cardiac arrest patients at specialized

centers will adversely affect their reported mortality.6,24,25 For exam-

ple, Peberdy et al6 attempted to estimate how increasing numbers of

cardiac arrest patients with STEMI would affect hospital mortality.

Using estimates of 100 STEMI patients a year, a 5% in-hospital mor-

tality for non-cardiac arrest and a 50% for cardiac arrest patients, they

calculated that an additional 10 STEMI cardiac arrest patients would

almost double mortality from 5% to 9.1%. However, there was no risk

TABLE 1 Hospital characteristics stratified by hospital tertiles of cardiac arrest patients

All hospitals (n = 224)
0.9%-12.4%

Low tertile hospitals
(n = 74) 0.9%-3.2%

Middle tertile hospitals
(n = 75) 3.2%-4.2%

High tertile hospitals
(n = 75) 4.2%-12.4% P-value

Region West 32 (14.3) 8 (10.8) 11 (14.7) 13 (17.3) 0.58

Northeast 12 (5.4) 3 (4.1) 3 (4.0) 6 (8.0) —

Midwest 74 (33.0) 24 (32.4) 29 (38.7) 21 (28.0) —

South 106 (47.3) 39 (52.7) 32 (42.7) 35 (46.7) —

Hospital status Academica 51 (22.8) 13 (17.6) 10 (13.3) 28 (37.3) <0.001

Total no. of
hospital beds

— 338 (240, 522) 335 (226, 513) 306 (227, 430) 398 (294, 618) 0.028

Data presented as N (%) or median (25th, 75th percentiles).
a Council of Teaching Hospitals Membership.

TABLE 2 Baseline characteristics of all patients, stratified by hospital tertiles based on the proportion of patients who had cardiac arrest

All patients
(n = 252 882)

Low tertile hospitals
(n = 85 147)

Middle tertile
hospitals (n = 83 815)

High tertile
hospitals (n = 83 290) P-value

Baseline characteristics

Age (years) 64 (55, 75) 65 (55, 75) 65 (55, 75) 63 (54, 73) <0.001

Male 65.4 64.5 65.3 66.4 <0.001

HTN 74.7 76.1 74.4 73.6 <0.001

DM 33.6 34.9 33.5 32.4 <0.001

Current/recent smoker (<1 year) 34.7 33.9 34.3 35.9 <0.001

Dyslipidemia 61.9 63.6 61.7 60.4 <0.001

PAD 10.0 10.5 10.1 9.4 <0.001

Cardiac history

Prior Revasc 32.5 33.8 33.0 30.8 <0.001

Prior PCI 25.7 26.5 25.9 24.5 <0.001

Prior CABG 14.1 14.9 14.7 12.6 <0.001

Prior MI 25.8 27.3 25.7 24.6 <0.001

Prior HF 13.0 13.5 13.2 12.2 <0.001

Prior stroke 8.2 8.4 8.1 8.0 0.024

Presentation labs and characteristics

Peak troponin ratio, xULN 58.3 (11.8, 277) 63.2 (12.7, 307.1) 57.0 (11.5, 270.0) 55.6 (11.3, 254.8) <0.001

Initial CrCl, mL/min 82 (56, 112) 82 (55, 112) 81 (55, 111) 84 (58, 113) <0.001

Initial Hb (g/dL) 14.0 (12.5,15.3) 14.0 (12.5,15.3) 14.0 (12.5, 15.3) 14.1 (12.5, 15.3) <0.001

Cardiogenic shock 3.9 3.0 3.7 5.1 <0.001

Cardiac arrest 3.8 2.6 3.7 5.2 <0.001

Transferred in 32.9 31.3 32.5 35.0 <0.001

STEMI 37.6 33.9 35.9 43.0 <0.001

Abbreviations: CABG, coronary artery bypass graft; CrCl, creatinine clearance (calculated via Cockcroft-Gault formula among non-dialysis patients); DM,
diabetes mellitus; Hb, hemoglobin; HF, heart failure; HTN, hypertension; MI, myocardial infarction; PAD, peripheral artery disease; PCI, percutaneous coro-
nary intervention; revasc, revascularization; STEM, ST elevation myocardial infarction; ULN, upper limit of normal.
Data is reported either median (25th, 75th percentiles) or %.

KONTOS ET AL. 355



adjustment. In contrast, our data indicate that risk standardized mor-

tality for hospitals was similar regardless of the proportion of cardiac

arrest patients admitted, suggesting that hospitals participating in

regional systems of STEMI care are unlikely to be adversely penalized.

This is important concept given that early reperfusion therapy is con-

sidered a Class I indication,15 and is now considered an MI perfor-

mance measure.26 Our data are consistent with other studies

indicating that risk adjustment appears adequate in most cases, as

exclusion of patients with cardiac arrest27,28 or cardiogenic shock,

another high-risk group29 did not significantly change reported

mortality.

5 | LIMITATIONS

Because we only included patients diagnosed with MI, we likely

underestimated the total number of patients with cardiac arrest seen

at each institution and therefore may not accurately assess the hospi-

tal's capability of treating cardiac arrest patients. Another potential

limitation is the relatively low rate of cardiac arrest patients who were

diagnosed with NSTEMI, which can result from difficulties in diagno-

sis. Troponin elevations are seen in almost all patients who have car-

diac arrest30; whether this represents global myocardial damage or

that related to MI can be difficult to determine in the absence of other

confirmatory findings, such as angiography, or the ability to assess his-

torical factors in patients who die before awakening. Finally, varying

definitions of cardiac arrest can make it different to compare out-

comes across studies. The definition used in the present study

required either CPR or cardioversion, but did not require coma, which

likely resulted in a lower risk patient population.

Because data used for our study are self-reported by hospitals,

there is a potential for data error. However, registry data collection

utilizes consistent and frequent data quality algorithms that require

predetermined levels of completeness and consistency before submis-

sion. Sites are provided reports to spur iterative data quality improve-

ment, and annual audits are conducted in randomly selected hospitals,

with a high degree of agreement.11 Although the mortality model that

we used did not include cardiac arrest, the risk is partially accounted

for by the high proportion of cardiogenic shock in cardiac arrest

patients.1 We did not have information on the frequency of therapeu-

tic hypothermia use, the initial rhythm, total arrest time or pre-hospital

treatments in cardiac arrest patients, or the volume of non-MI cardiac

arrest patients. We had limited hospital characteristics other than the

ones included in our report; thus, were unable to further characterize

hospital infrastructure, resources, and staffing. The ACTION Registry

does not capture post-discharge outcomes; therefore, we could not

study long-term mortality rates. Additional studies comparing mortal-

ity models that use clinical and administrative data in high risk patient

populations may be useful.

6 | CONCLUSIONS

After adjustment, in-hospital mortality among all MI patients did not

differ significantly between hospitals that had increaed proportions of

cardiac arrest MI patients. Our data indicate that for most hospitals,

overall adjusted MI mortality is unlikely to be adversely affected by

treating cardiac arrest patients with MI. This analysis supports efforts

to develop regional, high-volume cardiac arrest centers.
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