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Abstract

Background: Patients with ST-elevation myocardial infarction (STEMI) complicated by an out-

of-hospital-cardiac-arrest (OHCA) may vary widely in their probability of dying. Large variation 

in mortality may have implications for current national efforts to benchmark operator and hospital 

mortality rates for coronary angiography. We aimed to build a risk-adjustment model of in-hospital 

mortality among OHCA survivors with concurrent STEMI.

Methods: Within the Cardiac Arrest Registry to Enhance Survival (CARES), we included adults 

with OHCA and STEMI who underwent emergent angiography within 2 hours of hospital arrival 

between January 2013 and December 2019. Using multivariable logistic regression to adjust for 

patient and cardiac arrest factors, we developed a risk-adjustment model for in-hospital mortality 

and examined variation in patients’ predicted mortality.

Results: Of 2,999 patients (mean age 61.2 ±12.0, 23.1% female, 64.6% white), 996 (33.2%) 

died during their hospitalization. The final risk-adjustment model included higher age (OR 

per 10-year increase, 1.50 [95% CI: 1.39–1.63]), unwitnessed OHCA (OR, 2.51 [1.99–3.16]), 

initial non-shockable rhythm [OR, 5.66 [4.52–7.13]), lack of sustained pulse for >20 minutes 

(OR, 2.52 [1.88–3.36]), and longer resuscitation time (increased with each 10-minute interval) 

(c-statistic=0.804 with excellent calibration). There was large variability in predicted mortality: 

median, 25.2%, inter-quartile-range: 14.0% to 47.8%, 10th–90th percentile: 8.2 % to 74.1%.
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Conclusions: In a large national registry, we identified 5 key predictors for mortality in patients 

with STEMI and OHCA and found wide variability in mortality risk. Our findings suggest that 

current national benchmarking efforts for coronary angiography, which simply adjusts for the 

presence of OHCA, may not adequately capture patient case-mix severity.
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INTRODUCTION

An estimated 5% of patients with ST-elevation myocardial infarction (STEMI) present with 

out-of-hospital cardiac arrest (OHCA), and these patients have as much as a 10-fold higher 

mortality rate as compared with STEMI patients without OHCA.1 Consensus guidelines 

recommend emergent coronary angiography for OHCA patients with STEMI,2–4 and meta-

analysis of observational studies have reported better survival outcomes in patients with 

STEMI and OHCA who undergo early coronary angiography.5 Although the mortality rate 

of patients with STEMI and OHCA, on average, is 27–30%,1, 6 it is possible that predicted 

mortality risk varies widely.

In most patients with OHCA (the vast majority of whom do not have concurrent STEMI), 

the main predictors of survival include age, initial cardiac arrest rhythm, whether the 

OHCA was witnessed or received bystander cardiopulmonary resuscitation (CPR), location 

of cardiac arrest, total resuscitation time, and return of spontaneous circulation for at least 20 

consecutive minutes (ROSC) prior to hospital arrival. However, the predictors for mortality 

in OHCA patients with STEMI may differ. Importantly, if there is substantial heterogeneity 

in mortality risk among patients who present with OHCA and STEMI, this may have 

significant implications for national efforts to benchmark operator and hospital mortality 

rates for coronary angiography, as current models only adjust for whether a patient had an 

OHCA as a binary variable and would not capture the heterogeneity of mortality risk for 

these high-risk patients.7, 8

Accordingly, within a national registry of OHCA, we created a parsimonious model to 

predict overall mortality in patients with OHCA and STEMI who were admitted at a 

hospital and underwent emergent coronary angiography. We then applied this model to the 

cohort and examined the distribution in predicted mortality risk to highlight how current 

risk-adjustment for the presence of OHCA as a binary variable may not fully capture 

patients’ case-mix in national benchmarking for coronary angiography.
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METHODS

Data Source and Study Design

The data used to conduct the research will be made available upon request and approval 

by CARES to any researcher for purposes of reproducing the results or replicating the 

procedure. The Cardiac Arrest Registry to Enhance Survival (CARES) is a prospective, 

multicenter registry of patients with OHCA in the U.S. established by the Centers for 

Disease Control and Emory University for public health surveillance and continuous quality 

improvement. The design of the registry has been previously described.9, 10 Briefly, all 

patients with a confirmed OHCA (defined as pulselessness, apnea, and unresponsiveness) 

and for whom resuscitation is attempted are identified and followed by Emergency Medical 

Service (EMS) systems. CARES has a broad reach in the U.S., representing a catchment 

area of approximately 152 million residents or approximately 46% of the U.S. population 

in over 40 states. Data are collected from three sources that comprehensively define the 

continuum of emergency cardiac care: 911 dispatch centers, EMS agencies, and receiving 

hospitals. Standardized international Utstein definitions for specifying clinical variables and 

outcomes are used to ensure uniformity.11 A CARES analyst reviews every record for 

completeness and accuracy.10

CARES collects patient-level data on demographics (age, sex, and race/ethnicity), location 

of cardiac arrest, initial cardiac arrest rhythm, and whether the arrest was witnessed. 

Additionally, information as to whether bystander cardiopulmonary resuscitation (CPR) or 

defibrillation with automated external defibrillator (AED) was administered prior to EMS 

arrival and cardiac arrest etiology (presumed cardiac, respiratory, drug overdose and other), 

is collected, as well as times to EMS arrival and duration of EMS treatment. The study was 

approved by Saint Luke’s Mid America Heart Institute, which waived the requirement for 

informed consent because the analysis included only de-identified data (reference number, 

SLHS-20–054).

Study Population

We identified 457,621 patients with an OHCA in CARES between January 1, 2013 and 

December 31, 2019 (Fig. 1). We excluded 12,679 children with under 18 years of age. 

We then restricted our cohort to patients who were transported alive to the emergency 

department, excluding 150,842 patients who died before hospital arrival. As our focus was 

on patients with STEMI who underwent emergent coronary angiography (within 2 hours of 

hospital arrival), we excluded 208,310 patients without a STEMI, 71,229 with unavailable 

data on STEMI, 1,068 patients who were transferred to another facility, 10,493 patients who 

did not undergo early angiography, and 1 patient with missing information on witnessed 

status of their arrest. Our analytic cohort comprised 2,999 unique patients with STEMI and 

OHCA who underwent emergent coronary angiography.

Statistical Analysis

The primary outcome for the study was in-hospital mortality. We compared baseline 

characteristics between patients who died and survived to hospital discharge using chi-
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square tests for categorical variables and Student’s t-tests for continuous variables when 

normally distributed or Wilcoxon’s rank sum tests when not normally distributed.

To examine predictors of mortality, we constructed a multivariable logistic regression model 

with in-hospital mortality as the outcome and the following patient and cardiac arrest 

variables as candidates for model inclusion: age, sex, location of arrest at home, witnessed 

cardiac arrest, initial arrest rhythm (non-shockable vs. shockable), whether bystander CPR 

was performed, whether an AED was applied by a bystander, presumed arrest etiology 

(cardiac, respiratory, drug overdose, or other), whether ROSC was present at hospital arrival, 

and EMS resuscitation time on scene before transport to hospital. Race and ethnicity were 

not included in the model based on current recommendations for risk-adjustment models 

used for quality assessment.12, 13. As the test for non-linearity using restricted cubic splines 

for the continuous variable, resuscitation time on scene, was significant, this variable 

was categorized by 10-minute intervals to address non-linearity and to facilitate clinical 

interpretation.

To obtain a parsimonious model to illustrate the number of variables needed for better risk-

adjustment in future benchmarking efforts, variable selection was performed according to 

Harrell’s method.14 Specifically, using the predicted values from the full model, we ranked 

all predictors by their R2, and variables with the smallest contribution to the model were 

sequentially eliminated until removal resulted in more than a 5% loss in model prediction 

as compared with the initial full model (i.e., the reduced model and would retain 95% of 

the predictive power of the full model). Model discrimination and calibration were estimated 

using the area under the receiver-operating characteristic curve (AUC), or c-statistic, and 

observed versus predicted calibration plots for a given decile of predicted risk. Calibration 

of the observed versus predicted probabilities was also assessed over internal bootstrapped 

samples to evaluate risk of overfitting.15

We then applied the model coefficients from the parsimonious model to each patient 

to calculate their predicted probability of mortality. We examined the heterogeneity of 

predicted mortality risk in patients with OHCA and STEMI using descriptive statistics 

(median, inter-quartile range, and 10th to 90th percentiles).

In secondary analysis, we then derived a mortality risk score with the variables in the 

reduced model using the β coefficients, which were re-scaled and rounded to integers.16 

Performance and calibration of risk model were evaluated on a continuous scale.

In our study cohort, 31 (1.0%) patients had missing time on scene. Before development of 

the models, time was imputed with random forest imputation (missForest package version 

1.4 in R).17 All tests are 2-tailed, and an alpha level of 0.05 was considered statistically 

significant. All analyses were conducted using R statistical software version 4.1.0 (R Project 

for Statistical Computing).

RESULTS

Of 2,999 patients with OHCA and STEMI who survived to the emergency department and 

underwent emergent coronary angiography, 996 (33.2%) died during the hospitalization. 
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Mean age was 61.2 ±12.0, 693 (23.1%) patients were female and 1938 (64.6%) were 

of white race. Overall, 1829 (61.0%) had their OHCA at home, 489 (16.3%) had an 

unwitnessed cardiac arrest, 534 (17.8%) had an initial non-shockable rhythm, and 287 

(9.6%) did not have sustained ROSC upon hospital arrival. The bystander CPR rate was 

42.7%, and the rate of bystander use of an AED was 7.3%. A comparison of patients who 

survived and died is provided in Table 1. Patients who died were older, more often female 

and of non-white race, and were more likely to have an OHCA at home, an unwitnessed 

arrest, or initial non-shockable cardiac arrest rhythm; not be evaluated with an AED by 

a bystander; not have sustained ROSC at the time of hospital arrival; and have a longer 

resuscitation time on scene before EMS transport.

In the full multivariable model, we identified several variables associated with in-hospital 

mortality (Table 2; Supplemental Fig. 1A). These included higher age, female sex, arrest at 

home, unwitnessed arrest, lack of bystander deployment of an AED, initial non-shockable 

rhythm, no ROSC before hospital arrival, and longer resuscitation time on scene. The full 

model had excellent discrimination (c-statistic, 0.807) and calibration.

In the reduced model that retained 95% of the full model’s predictive power (Table 2; 

Supplemental Fig. 1B), five key variables were retained to predict in-hospital mortality. 

These were older age (OR for every 10 years, 1.50 [95% CI: 1.39–1.63]), unwitnessed 

OHCA (OR, 2.51 [1.99–3.16]), non-shockable OHCA rhythm [OR, 5.66 [4.52–7.13]), 

no ROSC before hospital arrival (OR, 2.52 [1.88–3.36]), and longer resuscitation time 

(increased with each 10-minute interval). Model performance was similar with excellent 

discrimination (c-statistic, 0.804). Findings for both models were upheld in the internal 

bootstrap validation, with an optimism-corrected Area Under the Curve of 0.803 for the full 

model (Supplemental Fig. 2A) and 0.802 for the reduced model (Supplemental Fig. 2B).

Applying the model coefficients, we computed predicted mortality risk for each patient. Fig. 

2 shows the distribution of predicted mortality risk in the study cohort. There was wide 

variability in the predicted mortality of patients in this cohort: median, 25.2%, inter-quartile 

range: 14.0% to 47.8%, 10th to 90th percentile: 8.2 % to 74.1%.

In secondary analysis, an integer risk score was developed from the 5 variables based on 

strength of association of their β coefficients in the reduced model. The risk score ranged 

from 0 to 8 points (Figure 3) and estimated that patients with STEMI and OHCA who 

underwent early angiography have an observed in-hospital mortality risk from 8.9% to 

100%, with the odds of in-hospital mortality doubling for each additional point in the risk 

score (odds ratio, 2.04; 95% CI, 1.92–2.17; p<0.001; C-statistic, 0.775). The risk model 

calibration was excellent, as predicted vs. observed mortality were similar with a slope of 

near 1.000 (Supplemental Figures 1C). Findings for the model were also upheld in internal 

bootstrap validation, with an optimism of −0.0012 and optimism-corrected Area Under the 

Curve of 0.775, identical to the original c-statistic.
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DISCUSSION

In a large, multi-site registry of OHCA patients, we developed a risk-adjustment model to 

predict mortality risk among patients presenting with OHCA and STEMI who underwent 

emergent coronary angiography. We found that approximately 1 in 3 patients died overall, 

with 5 key variables predicting hospital mortality—older age, unwitnessed arrest, non-

shockable cardiac arrest rhythm, no ROSC before hospital arrival, and resuscitation time on 

scene. When the model was applied to patients in the study cohort, there was substantial 

heterogeneity in predicted mortality risk. Using the key predictors, we subsequently 

developed a mortality risk score (range: 0–8 points) that can stratify the risk of in-patient 

mortality for patients with STEMI and OHCA who undergo coronary angiography, from 

8.9% in those with a score of 0 to 100% in those with the highest score of 8. Collectively, 

our findings underscore that a given patient with OHCA and STEMI has a wide range 

of mortality risk and use of this model can help inform current benchmarking efforts for 

coronary angiography.

OHCA remains a major public health challenge in the U.S. Although OHCA is present 

in only a fraction of patients who undergo coronary angiography, it is associated with a 

10-fold higher mortality risk in STEMI patients.1 Given its outsized impact on operator 

mortality rates, current models for national benchmarking of operator mortality rates for 

coronary angiography includes adjustment for OHCA.7, 8 However, our findings suggest 

that adjustment for the mere presence of OHCA as a binary variable may be insufficient 

to account for patient case-mix given the heterogeneity in predicted mortality risk from 

our model. Our model suggests that inclusion of four additional variables in current 

data collection forms (since age is already collected) would provide more granular risk-

adjustment for operator mortality rates.

Although OHCA risk models predicting mortality exist,18–20 models to estimate mortality 

risk in patients with concurrent STEMI and undergoing emergent coronary angiography 

are lacking. Our model has the potential to inform clinicians or patients’ family members 

of patients’ overall in-hospital mortality risk for those undergoing emergent coronary 

angiography. However, our models and risk scores have not been prospectively or externally 

validated. Moreover, while some patients in our model have predicted mortality risks that 

are high (e.g., 90th percentile of 78.5%), our model does not estimate potential benefit 

from coronary revascularization even in the highest risk group, as all patients in our 

model underwent coronary angiography. Therefore, our model should not be used to make 

decisions regarding futility of treatment; rather, it could be used by clinicians to inform 

patients and families of their predicted mortality risk with emergent coronary angiography.

Limitations

This study should be considered in the context of the following potential limitations.

First, the CARES registry does not collect detailed clinical information on patients such 

as comorbidities and hemodynamic information that can affect mortality risk. Additionally, 

both STEMI and coronary angiography data are optional data elements and were only 

collected on approximately 75–80% of the cases. Nonetheless, it is unlikely that the 
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predictors of in-hospital mortality for patients excluded due to missing information on 

coronary angiography differed substantially from those of our patient cohort. Second, we 

did not conduct a comparative effectiveness assessment of the benefits of emergent coronary 

angiography for patients with OHCA and STEMI. This is because our study objective 

was to build a model for risk adjustment for mortality using prehospital cardiac arrest 

variables in patients with OHCA and STEMI undergoing emergent coronary angiography. 

Third, our models may require prospective and even external validation in future studies. 

Nonetheless, we believe our main objective—to highlight the incomplete adjustment of the 

heterogeneity of OHCA patient risk in current benchmarking efforts—is supported by this 

study’s findings. Finally, CARES is a voluntary registry for OHCA, our findings may not 

be generalizable to non-participating sites. Nonetheless, we have no reason to expect model 

predictors to differ for OHCAs in non-participating sites.

CONCLUSIONS

In a large national registry, we identified 5 key predictors for mortality in patients with 

STEMI and OHCA and found wide variability in predicted mortality risk. Our findings 

suggest that current national benchmarking efforts for coronary angiography, which simply 

adjusts for the presence of OHCA, may not adequately capture patient case-mix severity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Funding/Support:

Drs. Tran and Malik reported receiving grants from the National Heart, Lung, and Blood Institute of the National 
Institutes of Health T32 training grant T32HL110837 during the conduct of the study. The content is solely the 
responsibility of the authors and does not necessarily represent the official views of the National Institutes of 
Health.

Dr. McNally is the Executive Director of the CARES program which received grant funding from the American 
Red Cross and the American Heart Association.

REFERENCES

1. Karam N, Bataille S, Marijon E, Tafflet M, Benamer H, Caussin C, Garot P, Juliard JM, Pires 
V, Boche T, Dupas F, Le Bail G, Lamhaut L, Simon B, Allonneau A, Mapouata M, Loyeau A, 
Empana JP, Lapostolle F, Spaulding C, Jouven X, Lambert Y and e MSI. Incidence, Mortality, and 
Outcome-Predictors of Sudden Cardiac Arrest Complicating Myocardial Infarction Prior to Hospital 
Admission. Circ Cardiovasc Interv. 2019;12:e007081. [PubMed: 30608874] 

2. Callaway CW, Donnino MW, Fink EL, Geocadin RG, Golan E, Kern KB, Leary M, Meurer 
WJ, Peberdy MA, Thompson TM and Zimmerman JL. Part 8: Post-Cardiac Arrest Care: 2015 
American Heart Association Guidelines Update for Cardiopulmonary Resuscitation and Emergency 
Cardiovascular Care. Circulation. 2015;132:S465–82. [PubMed: 26472996] 

3. Noc M, Fajadet J, Lassen JF, Kala P, MacCarthy P, Olivecrona GK, Windecker S, Spaulding C, 
European Association for Percutaneous Cardiovascular I and Stent for Life G. Invasive coronary 
treatment strategies for out-of-hospital cardiac arrest: a consensus statement from the European 
association for percutaneous cardiovascular interventions (EAPCI)/stent for life (SFL) groups. 
EuroIntervention. 2014;10:31–7. [PubMed: 24832635] 

4. O’Gara PT, Kushner FG, Ascheim DD, Casey DE Jr., Chung MK, de Lemos JA, Ettinger SM, Fang 
JC, Fesmire FM, Franklin BA, Granger CB, Krumholz HM, Linderbaum JA, Morrow DA, Newby 

Tran et al. Page 7

Resuscitation. Author manuscript; available in PMC 2022 February 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



LK, Ornato JP, Ou N, Radford MJ, Tamis-Holland JE, Tommaso CL, Tracy CM, Woo YJ and 
Zhao DX. 2013 ACCF/AHA guideline for the management of ST-elevation myocardial infarction: a 
report of the American College of Cardiology Foundation/American Heart Association Task Force 
on Practice Guidelines. J Am Coll Cardiol. 2013;61:e78–e140. [PubMed: 23256914] 

5. Camuglia AC, Randhawa VK, Lavi S and Walters DL. Cardiac catheterization is associated 
with superior outcomes for survivors of out of hospital cardiac arrest: Review and meta-analysis. 
Resuscitation. 2014;85:1533–1540. [PubMed: 25195073] 

6. Samanta R, Narayan A, Kovoor P and Thiagalingam A. Long-term survival in patients presenting 
with STEMI complicated by out of hospital cardiac arrest. Int J Cardiol Heart Vasc. 2019;22:50–54. 
[PubMed: 30603662] 

7. Klein LW, Harjai KJ, Resnic F, Weintraub WS, Vernon Anderson H, Yeh RW, Feldman DN, 
Gigliotti OS, Rosenfeld K and Duffy P. 2016 Revision of the SCAI position statement on public 
reporting. Catheterization and cardiovascular interventions : official journal of the Society for 
Cardiac Angiography & Interventions. 2017;89:269–279. [PubMed: 27755653] 

8. Peberdy Mary A, Donnino Michael W, Callaway Clifton W, DiMaio JM, Geocadin Romergryko 
G, Ghaemmaghami Chris A, Jacobs Alice K, Kern Karl B, Levy Jerrold H, Link Mark S, Menon 
V, Ornato Joseph P, Pinto Duane S, Sugarman J, Yannopoulos D and Ferguson TB. Impact of 
Percutaneous Coronary Intervention Performance Reporting on Cardiac Resuscitation Centers. 
Circulation. 2013;128:762–773. [PubMed: 23857321] 

9. McNally B, Stokes A, Crouch A and Kellermann AL. CARES: Cardiac Arrest Registry to Enhance 
Survival. Ann Emerg Med. 2009;54:674–683 e2. [PubMed: 19394110] 

10. McNally B, Robb R, Mehta M, Vellano K, Valderrama AL, Yoon PW, Sasson C, Crouch A, Perez 
AB, Merritt R and Kellermann A. Out-of-hospital cardiac arrest surveillance --- Cardiac Arrest 
Registry to Enhance Survival (CARES), United States, October 1, 2005--December 31, 2010. 
MMWR Surveill Summ. 2011;60:1–19.

11. Jacobs I, Nadkarni V, Bahr J, Berg RA, Billi JE, Bossaert L, Cassan P, Coovadia A, D’Este K, 
Finn J, Halperin H, Handley A, Herlitz J, Hickey R, Idris A, Kloeck W, Larkin GL, Mancini 
ME, Mason P, Mears G, Monsieurs K, Montgomery W, Morley P, Nichol G, Nolan J, Okada 
K, Perlman J, Shuster M, Steen PA, Sterz F, Tibballs J, Timerman S, Truitt T and Zideman D. 
Cardiac arrest and cardiopulmonary resuscitation outcome reports: update and simplification of 
the Utstein templates for resuscitation registries: a statement for healthcare professionals from a 
task force of the International Liaison Committee on Resuscitation (American Heart Association, 
European Resuscitation Council, Australian Resuscitation Council, New Zealand Resuscitation 
Council, Heart and Stroke Foundation of Canada, InterAmerican Heart Foundation, Resuscitation 
Councils of Southern Africa). Circulation. 2004;110:3385–97. [PubMed: 15557386] 

12. Breathett K, Spatz ES, Kramer DB, Essien UR, Wadhera RK, Peterson PN, Ho PM and 
Nallamothu BK. The Groundwater of Racial and Ethnic Disparities Research: A Statement 
From Circulation: Cardiovascular Quality and Outcomes. Circ Cardiovasc Qual Outcomes. 
2021;14:e007868. [PubMed: 33567860] 

13. Vyas DA, Eisenstein LG and Jones DS. Hidden in Plain Sight — Reconsidering the Use of Race 
Correction in Clinical Algorithms. N Engl J Med. 2020;383:874–882. [PubMed: 32853499] 

14. Harrell FE. Regression Modeling Strategies with Applications to Linear Models, Logistic 
Regression and Survival Analysis: New York: Springer-Verlag; 2001.

15. Steyerberg EW, Harrell FE Jr., Borsboom GJ, Eijkemans MJ, Vergouwe Y and Habbema JD. 
Internal validation of predictive models: efficiency of some procedures for logistic regression 
analysis. J Clin Epidemiol. 2001;54:774–81. [PubMed: 11470385] 

16. Sullivan LM, Massaro JM and D’Agostino RB Sr. Presentation of multivariate data for clinical use: 
The Framingham Study risk score functions. Stat Med. 2004;23:1631–60. [PubMed: 15122742] 

17. Stekhoven DJ and Buhlmann P. MissForest--non-parametric missing value imputation for mixed-
type data. Bioinformatics. 2012;28:112–8. [PubMed: 22039212] 

18. Adrie C, Cariou A, Mourvillier B, Laurent I, Dabbane H, Hantala F, Rhaoui A, Thuong 
M and Monchi M. Predicting survival with good neurological recovery at hospital admission 
after successful resuscitation of out-of-hospital cardiac arrest: the OHCA score. Eur Heart J. 
2006;27:2840–5. [PubMed: 17082207] 

Tran et al. Page 8

Resuscitation. Author manuscript; available in PMC 2022 February 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



19. Maupain C, Bougouin W, Lamhaut L, Deye N, Diehl JL, Geri G, Perier MC, Beganton F, Marijon 
E, Jouven X, Cariou A and Dumas F. The CAHP (Cardiac Arrest Hospital Prognosis) score: a 
tool for risk stratification after out-of-hospital cardiac arrest. Eur Heart J. 2016;37:3222–3228. 
[PubMed: 26497161] 

20. Martinell L, Nielsen N, Herlitz J, Karlsson T, Horn J, Wise MP, Undén J and Rylander C. Early 
predictors of poor outcome after out-of-hospital cardiac arrest. Crit Care. 2017;21:96. [PubMed: 
28410590] 

Tran et al. Page 9

Resuscitation. Author manuscript; available in PMC 2022 February 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 1: Study Cohort
*Emergent angiography is defined as emergent coronary angiography performed within 2 

hours of hospital arrival. CAG indicates coronary artery angiography; CARES, Cardiac 

Arrest Registry to Enhance Survival; CPR, cardiopulmonary resuscitation; ED, emergency 

department; OHCA, out-of-hospital cardiac arrest; STEMI, ST-Elevation Myocardial 

Infarction.
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Fig. 2: Distribution of Predicted Mortality Risk in Patients with STEMI and OHCA
Patients varied widely in their predicted mortality risk based on their patient and arrest 

factors. The proportion of those who actually died in each risk decile is also shown. OHCA 

indicates out-of-hospital cardiac arrest; STEMI, ST-Elevation Myocardial Infarction.
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Fig. 3: Observed In-Hospital Mortality Rate by Risk Score
ROSC indicates return of spontaneous circulation.
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Table 1:

Baseline Characteristics of Study Cohort, Stratified by Mortality Status

Total (N=2999) Died (N=996) Survived (N=2003) p-value

Age, year 61.2 (12.0) 64.8 (12.2) 59.4 (11.4) <0.001

Female 693 (23.1) 290 (29.1) 403 (20.1) <0.001

Race/ethnicity 0.018

 White 1938 (64.6) 622 (62.4) 1316 (65.7)

 Black 280 (9.3) 117 (11.7) 163 (8.1)

 Hispanic 114 (3.8) 41 (4.1) 73 (3.6)

 Asian 49 (1.6) 19 (1.9) 30 (1.5)

 Other/unknown 618 (20.6) 197 (19.8) 421 (21.0)

Arrest at home 1829 (61.0) 699 (70.2) 1130 (56.4) <0.001

Unwitnessed arrest 489 (16.3) 264 (26.5) 225 (11.2) <0.001

Bystander CPR 1280 (42.7) 434 (43.6) 846 (42.2) 0.510

Bystander AED applied 220 (7.3) 45 (4.5) 175 (8.7) <0.001

Non-shockable rhythms (non-PVT/VF) 534 (17.8) 381 (38.3) 153 (7.6) <0.001

Non-sustained ROSC >20 minutes 287 (9.6) 153 (15.4) 134 (6.7) <0.001

Presumed arrest etiology <0.001

 Presumed cardiac 2942 (98.1) 961 (96.5) 1981 (98.9)

 Respiratory/asphyxia 36 (1.2) 22 (2.2) 14 (0.7)

 Drug overdose 4 (0.1) 3 (0.3) 1 (0.0)

 Other 17 (0.6) 10 (1.0) 7 (0.3)

Time to arrival, minute 7.2 [5.2, 9.8] 7.1 [5.2, 9.8] 7.2 [5.2, 9.9] 0.980

Time on scene, minute 20.9 [15.0, 28.0] 25.5 [19.3, 33.6] 18.8 [13.4, 25.0] <0.001

Transport time, minute 11.4 [7.6, 17.7] 11.0 [7.0, 16.3] 11.7 [7.7, 18.4] 0.004

Total response time, minute 42.0 [33.3, 53.0] 46.0 [37.5, 58.0] 40.1 [32.0, 50.4] <0.001

Values are mean (standard deviation), median [25th – 75th interquartile range], or n (%).

Abbreviations: AED, automated external defibrillator; CPR, cardiopulmonary resuscitation; PVT, pulseless ventricular tachycardia, ROSC, return 
of spontaneous circulation; VF, ventricular fibrillation.
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Table 2:

Multivariable Logistic Regression Model for In-hospital Mortality

Characteristic
Full Model Reduced Model

OR 95% CI p-value OR 95% CI p-value

Age, per 10-year increase 1.49 1.38–1.62 <0.001 1.50 1.39–1.63 <0.001

Female 1.32 1.07–1.63 0.01
removed

Arrest at home/residence 1.14 0.94–1.40 0.20

Unwitnessed arrest 2.48 1.96–3.13 <0.001 2.51 1.99–3.16 <0.001

Bystander CPR 1.21 1.00–1.47 0.05
removed

Bystander AED applied 0.61 0.40–0.92 0.02

Non-shockable rhythms (Asytole and PEA) 5.62 4.45–7.13 <0.001 5.66 4.52–7.13 <0.001

Non-sustained ROSC >20 minutes 2.50 1.87–3.35 <0.001 2.52 1.88–3.36 <0.001

Presumed arrest etiology

0.60 removed

 Presumed Cardiac ref —

 Respiratory/Asphyxia 0.80 0.37–1.80

 Drug Overdose 4.28 0.31–129

 Other 1.40 0.45–4.59

Resuscitation Time on scene

<0.001 <0.001

 0 to ≤10 minutes ref — ref —

 10 to ≤20 minutes 2.64 1.68–4.32 2.75 1.75–4.47

 20 to ≤30 minutes 5.49 3.50–8.96 5.91 3.79–9.58

 30 to ≤40 minutes 9.63 5.91–16.2 10.5 6.52–17.6

 40 to ≤50 minutes 15.0 8.27–27.9 16.1 8.95–29.8

 >60 minutes 18.3 9.25–37.3 21.0 10.7–42.5

Model c-statistic 0.807 0.804

Abbreviations: AED, automated external defibrillator; CPR, cardiopulmonary resuscitation; PEA, pulseless electrical activity; ROSC, return of 
spontaneous circulation; VF, ventricular fibrillation
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