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ABSTRACT

Introduction and objectives: Resuscitated cardiac arrest before primary angioplasty (RCABPA) in ST-segment elevation myocardial 
infarction (STEMI) is associated with a worse prognosis. Mortality according to the place of occurrence has not been previously 
analyzed. Assessment of potential differences depending on where RCABPA occurs may lead to improvements in care and, 
consequently, reductions in STEMI-related mortality.
Methods: Observational study of a cohort of patients included in a regional infarction code program between 1 January 2021, and 
31 December 2024. Thirty-day mortality and its determinants were compared according to the location of RCABPA occurrence: 
out-of-hospital, primary care, medicalized ambulance, or hospital.
Results: A total of 2344 patients with STEMI were included, 170 (7.3%) with RCABPA, 40 (1.7%) in the hospital setting, 13 (0.6%) 
in primary care, 33  (1.4%) in a medicalized ambulance, and 84  (3.6%) outside the health care setting. The initial rhythm was 
shockable in 158 cases (92.9%). Mortality among patients with pulseless electrical activity (PEA) was 31.2% vs 6.3% in those 
without PEA (P < .0005). An increase in both unadjusted and adjusted 30-day mortality was observed across groups: non-RCABPA, 
6.3%; hospital, 7.5%; primary care, 15.4%; ambulance, 21.2%; and out-of-health care setting, 48.8%; it was only statistically 
significant when it occurred outside the hospital, both compared with non-RCABPA and in-hospital RCABPA.
Conclusions: RCABPA in STEMI is associated with significantly higher mortality. Prognosis varies according to the location of 
occurrence. Improvements in cardiopulmonary resuscitation conditions in the out-of-hospital setting may reduce mortality in these 
patients.

REC Interv Cardiol. 20XX;XX(X):XX-XX
https://doi.org/10.24875/RECICE.M26000592

Keywords: Myocardial infarction. Prognosis. Primary angioplasty. Infarction code program.

Diferencias en el pronóstico de la parada cardiaca recuperada antes 
de la angioplastia primaria según su lugar de ocurrencia

RESUMEN

Introducción y objetivos: La parada cardiaca recuperada antes de la angioplastia primaria (PCRAAP) empeora notablemente el 
pronóstico del infarto agudo de miocardio con elevación del segmento ST (IAMCEST). Sin embargo, el efecto del lugar de ocurrencia 
de la PCRAAP sobre el pronóstico no se ha analizado. El conocimiento de posibles diferencias podría contribuir a mejoras asisten-
ciales que redujeran la mortalidad del IAMCEST.
Métodos: Estudio observacional de una cohorte de pacientes incluidos en un programa regional de código infarto entre el 1 de 
enero de 2021 y el 31 de diciembre de 2024. Se compararon la mortalidad a 30 días y sus condicionantes según el lugar de 
ocurrencia de la PCRAAP: en un entorno no sanitario, en atención primaria, en una ambulancia medicalizada o en un hospital. 
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INTRODUCTION

Acute coronary syndrome, particularly ST-segment elevation 
myocardial infarction (STEMI), is the leading cause of out-of-hos-
pital cardiac arrest.1 The main underlying mechanism is reversible 
ischemia, provided that reperfusion is achieved within the first 
few hours after STEMI.2 Approximately 1 in 20 patients with 
STEMI presents with cardiac arrest as the initial or early sign of 
myocardial infarction.3-5 Resuscitated cardiac arrest before primary 
angioplasty (RCABPA) is an important prognostic marker, and has 
been associated with 30-day mortality rates of 40% to 60%.3,6 
Published studies differ regarding the long-term prognosis of 
patients who survive the in-hospital phase after RCABPA. Some 
registries have reported no long-term differences in outcomes,7,8 
whereas others have found higher mortality, even after adjustment 
for the poorer baseline clinical profile of patients with RCABPA.9,10 
However, all available studies consistently show that most events 
occur during the in-hospital phase or within the first 30 days after 
RCABPA.

“STEMI network” programs are designed to ensure rapid identifi-
cation of STEMI and timely delivery of the most appropriate reper-
fusion strategy, preferably primary angioplasty.5 Studies evaluating 
the characteristics and prognosis of RCABPA have generally paid 
little attention to the specific point in the STEMI care pathway at 
which cardiac arrest occurs. Their inclusion criteria have typically 
included patients with RCABPA occurring outside the hospital 
setting, without specifying whether the cardiac arrest occurred 
before or after first medical contact or how close the patient was 
to resources for advanced cardiopulmonary resuscitation (CPR). In 
addition, the prognosis of RCABPA occurring in hospitals with CPR 
capability but without primary angioplasty capability has not been 
specifically analyzed. The poor short-term prognosis associated with 
RCABPA may be related to the clinical characteristics and conse-
quences of the STEMI per se or to delays and limitations in CPR 
when cardiac arrest occurs outside the hospital setting.

Therefore, analyzing the characteristics and consequences of 
RCABPA based on the place of occurrence may help identify oppor-
tunities to improve the care and prognosis of patients with STEMI.

The aim of this study was to analyze short-term mortality in patients 
with RCABPA, with particular attention to the place where cardiac 
arrest occurred within the care pathway initiated by activation of 
the STEMI code after diagnosis.

METHODS

Design

This observational study used a historical cohort of consecutive 
patients admitted for primary angioplasty with a diagnosis of 
STEMI and an indication for reperfusion.

Study population

We included all patients who arrived at the cath lab of  Hospital 
Clínico Universitario Virgen de la Arrixaca (El Palmar, Murcia, Spain) 
between 1 January, 2021, and 31 December, 2024 through the 
regional STEMI code program and with an indication for primary 
angioplasty. In patients with > 1 episode during the inclusion 
period, only the index episode was included. In 2023, the reference 
population covered by the regional STEMI code program for the 
study center was 1,132,310 inhabitants. Six non–PCI-capable hospi-
tals referred patients to the study hospital, which served as the 
reference center. According to the STEMI code protocol, activation 
must occur at first medical contact, and patients should be trans-
ferred directly from the place of activation to the cath lab, without 
intermediate stops at other hospitals or emergency departments.

Variables

Data were obtained from the prospective patient registry of the cath 
lab at the reference hospital for primary angioplasty, where demo-
graphic characteristics, clinical presentation, procedural data, and 
follow-up information are systematically recorded. Missing data 
were completed by reviewing the regional electronic health record 
or by contacting patients or their relatives by telephone.

RCABPA was defined as cardiac arrest with return of spontaneous 
circulation after cardiopulmonary resuscitation maneuvers. Cardiac 
arrests occurring after arrival at the cath lab were excluded. Patients 
who died before or during transfer to the reference hospital were 
not included.

Patients were classified into 5 groups according to the location 
where RCABPA occurred: a) in-hospital RCABPA, occurring in 
referral hospitals before transfer or at the reference hospital prior 
to the arrival at the cath lab; b) RCABPA in a medicalized ambulance 

Abbreviations

CPR: cardiopulmonary resuscitation. PCI: percutaneous coronary intervention. RCABPA: resuscitated cardiac arrest before primary 
angioplasty. STEMI: ST-segment elevation myocardial infarction. 

Resultados: Se incluyeron 2.344 pacientes con IAMCEST. Presentaron PCRAAP 170 (7,3%), 40 (1,7%) en un medio hospitalario, 
13 (0,6%) en atención primaria, 33 (1,4%) en una ambulancia medicalizada y 84 (3,6%) fuera del medio sanitario. El ritmo inicial 
fue desfibrilable en 158 casos (92,9%). La mortalidad de los pacientes con PCRAAP fue del 31,2%, frente al 6,3% en aquellos sin 
PCRAAP (p < 0,0005). Se observó una mortalidad bruta y ajustada a 30 días creciente: no PCRAAP 6,3%, hospitalaria 7,5%, 
atención primaria 15,4%, ambulancia 21,2% y extrasanitaria 48,8%; solo fue estadísticamente significativa cuando ocurrió fuera 
del hospital, tanto en relación con la no PCRAAP como con la PCRAAP hospitalaria. 
Conclusiones: La PCRAAP en el IAMCEST se asocia a una significativa mayor mortalidad. Su pronóstico depende del lugar donde 
ocurre. Mejoras en la atención a la PCRAAP extrahospitalaria, tanto sanitaria-extrahospitalaria como extrasanitaria, podrían reducir 
la mortalidad del IAMCEST.

Palabras clave: Infarto de miocardio. Pronóstico. Angioplastia primaria. Código infarto.
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occurring in an ambulance with defibrillation capability; c) RCABPA 
in primary care, occurring in a health center or out-of-hospital 
emergency department with defibrillation capability; d) RCABPA 
outside the health care setting, occurring at home or in a public 
place without medical or paramedical personnel present; and e) no 
RCABPA, used as the control group.

All primary care centers and medicalized ambulances have the 
capacity to provide advanced CPR. We could not determine the 
exact number of patients with out-of-hospital RCABPA who may 
have exceptionally benefited from the proximity of a defibrillation 
team.

For comparisons by grouped location, groups a, b, and c were 
classified as RCABPA occurring in a health care setting, whereas 
groups b and c were classified as RCABPA occurring in an 
out-of-hospital health care setting.

Vital status at 30 days was obtained from the patients’ electronic 
health records or, when unavailable, by telephone contact.

The study was conducted in full compliance with the principles 
outlined in the Declaration of Helsinki. Episodes were collected 
retrospectively. The study was approved by the local ethics 
committee.

Statistical analysis

Quantitative variables are expressed as mean and standard devia-
tion or as median and 25th-75th percentiles when they did not meet 
normality criteria, as assessed with the Shapiro-Wilk test. Quanti-
tative variables that did not meet the normality criteria were 
compared using the nonparametric Mann-Whitney U test; normally 
distributed variables were compared using the Student t test for 
independent samples. Qualitative variables are expressed as abso-
lute frequencies and percentages and were compared using the 
Pearson chi-square test. As specified in the tables and Results 
section, patients without RCABPA and those with in-hospital 
RCABPA were used as reference groups, as appropriate. Thirty-day 
mortality was assessed using Kaplan-Meier survival analysis. 
Survival curves were plotted for patients without RCABPA and for 
those with RCABPA at each individual and grouped location. 
Survival curves were compared using the log-rank test, with 
patients without RCABPA and those with in-hospital RCABPA used 
as reference groups. In all cases, P values < .05 were considered 
statistically significant.

To determine the contribution of RCABPA to 30-day mortality 
compared with the absence of RCABPA, as well as the contribution 
of RCABPA according to its location, logistic regression models 
were constructed. Models were adjusted for variables that were 
asymmetrically distributed across the study subgroups in the 
univariate analysis (P  > .1) or that have been associated in the 
literature with higher mortality: age, diabetes, cardiogenic shock, 
performance of percutaneous coronary intervention (PCI), anterior 
infarct location, and delay from symptom onset to first medical 
contact. The absence of significant multicollinearity among the 
included variables was confirmed. The predictive performance of 
each model was assessed using the receiver operating characteristic 
curve, based on 30-day mortality predicted by the models and 
observed mortality.

Statistical analyses were performed using IBM SPSS Statistics for 
Windows, version 22.0 (IBM Corp., United States), and SigmaPlot 
for Windows, version 11.0 (Systat Software, Inc., United States).

RESULTS

Population description

During the 4-year study period, there were 2463 activations of the 
STEMI code program with an indication for primary angioplasty. 
A total of 119 cases (4.9%) were excluded because they had previ-
ously been referred for primary angioplasty, leaving a final sample 
of 2344 patients, 170 of whom (7.3%) experienced RCABPA: 40 
(1.7%) in a hospital setting, 13 (0.6%) in primary care, 33 (1.4%) in 
an advanced life support ambulance, and 84 (3.6%) outside the 
health care setting. Eight aborted STEMI code activation due to 
patient death before arrival at the cath lab were recorded, including 
3 deaths in an advanced life support ambulance. The final cause of 
death could not be determined. All these patients had cardiogenic 
shock at the time of activation and were not included in the study.

The initial rhythm of RCABPA was shockable in 158 cases (92.9%). 
Baseline characteristics and infarct presentation based on the pres-
ence of RCABPA are shown in table 1. Patients with RCABPA 
underwent PCI less frequently than those without RCABPA (76.5% 
vs 85.6%; P = .001). PCI was not performed in 2 cases of RCABPA 
because the patients died before the procedure could be initiated, 
or in 28 cases because no culprit coronary lesion was identified.

Table 1. Baseline, acute myocardial infarction presentation, and procedural 
characteristics according to the occurrence or absence of resuscitated 
cardiac arrest before primary angioplasty

Variable No RCABPA 
(n = 2174)

RCABPA 
(n = 170)

P

Age, yearsa 63 (54-74) 60 (52-69) .025

Women 521 (24.0%) 28 (16.5%) .026

Age > 80 years 273 (12.6%) 17 (10.0%) .329

Age < 50 years 320 (14.7%) 33 (19.4%) .099

Diabetes 686 (31.6%) 41 (24.1%) .043

Hypertension 1230 (56.6%) 92 (54.1%) .533

Dyslipidemia 1094 (50.3%) 66 (38.8%) .004

Smoking 1196 (55.0%) 84 (49.4%) .158

Previous AMI 158 (7.3%) 8 (4.7%) .210

Previous PCI 206 (9.5%) 11 (6.5%) .193

Shockable rhythm – 158 (92.9%) –

PCI performed 1862 (85.6%) 130 (76.5%) .001

Shock 135 (6.2%) 47 (27.6%) < .001

Anterior location 843 (38.8%) 78 (45.9%) .068

Outside working hours 1685 (77.5%) 136 (80.0%) .452

Undetermined location 82 (3.8%) 31 (18.2%) < .001

Symptom-to-FMC time, mina 60 (30-155) 20 (10-40) < .001

FMC-to-reperfusion time, mina 116 (85-171) 129 (91-160) .428

Symptom-to-reperfusion time, mina 205 (137-355) 150 (122-210) < .001

AMI, acute myocardial infarction; FMC, first medical contact; PCI, percutaneous coro-
nary intervention; RCABPA, resuscitated cardiac arrest before primary angioplasty; SD, 
standard deviation. 
a Median (25th-75th percentiles).

ARTICLE IN PRESS

Please cite this article in press as: López-Palop R, et al. Differences in the prognosis of resuscitated cardiac arrest before primary angioplasty according to location of 
occurrence. REC Interv Cardiol. 2026. https://doi.org/10.24875/RECICE.M26000592.

https://doi.org/10.24875/RECICE.M26000592


4 R. López-Palop et al. REC Interv Cardiol. 20XX;XX(X):XX-XX

Baseline characteristics and infarct presentation based the presence 
and location of RCABPA are shown in table 2.

A total of 32 patients received mechanical circulatory support, 
representing 1.4% of the overall population and 17.6% of patients 
with cardiogenic shock. In this group, the 30-day mortality rate was 
47%. Mechanical circulatory support was used in 10 patients with 
cardiogenic shock and RCABPA (21.2%; 30-day mortality, 70%) and 
in 22 patients with cardiogenic shock without RCABPA (16.3%; 
30-day mortality, 36.4%).

Mortality based on the location of RCABPA 

The 30-day all-cause and cardiovascular mortality rates are shown 
in table 3, and mortality grouped by RCABPA location is shown in 
figure 1. The 30-day all-cause mortality rate was significantly higher 
in patients with RCABPA than in those without RCABPA (31.2% 
vs 6.3%; P < .0005). Mortality increased progressively from in-hos-
pital RCABPA to RCABPA occurring outside the health care setting, 
where it approached 50% (48.8%). Compared with in-hospital 

RCABPA, RCABPA occurring outside the hospital was associated 
with a significantly higher 30-day mortality rate or showed a clear 
trend toward a higher mortality rate (table 3 and figure 2).

Patients with RCABPA in a nonhospital health care setting and 
those with out-of-hospital RCABPA had a significantly higher 
30-day mortality rate compared with patients without RCABPA 
(19.6% vs 6.3%; P < .0005, and 38.5% vs 6.3%; P < .0005, respec-
tively). The 30-day mortality rate among patients with RCABPA in 
a nonhospital health care setting was numerically much higher than 
that among patients with in-hospital RCABPA, although the differ-
ence did not reach statistical significance (19.6% vs 7.5%; P = .123). 
When out-of-hospital RCABPA was analyzed as a grouped category, 
the mortality rate was significantly higher than that observed for 
in-hospital RCABPA (38.5% vs 7.5%; P < .0005) (figure 2).

After adjustment in logistic regression models, RCABPA was inde-
pendently associated with a higher 30-day mortality rate, regardless 
of the presence of cardiogenic shock and other variables associated 
with poorer prognosis (OR, 5.99; 95%CI, 3.78-9.51; P < .0005). This 
association was not observed for in-hospital cardiac arrest. 

Table 2. Baseline, acute myocardial infarction presentation, and procedural characteristics based on the location of resuscitated cardiac arrest before primary 
angioplasty

Variable No RCABPA  
(n = 2174)

RCABPA (n = 170)

In-hospital  
(n = 40)

P a Primary 
care  
(n = 13)

P a P b Advanced  
life support 
ambulance  
(n = 33)

P a P b Outside  
the health 
care setting 
(n = 84)

P a P b

Age, yearsc 63 (54-74) 60 (52-72) .397 54 (47-80) .329 .656 59 (54-69) .436 .987 61 (52-69) .071 .761

Women 521 (24.0%) 6 (15.0%) .187 4 (30.9%) .567 .207 4 (12.1%) .113 .722 14 (16.7%) .123 .814

Age > 80 years 273 (12.6%) 4 (10.0%) .628 4 (30.8%) .049 .069 4 (12.1%) .940 .773 5 (6.0%) .071 .417

Age < 50 years 320 (14.7%) 7 (17.5%) .623 5 (38.5%) .016 .117 4 (12.1%) .676 .523 17 (20.2%) .164 .718

Diabetes 686 (31.6%) 13 (32.5%) .899 4 (30.8%) .952 .908 4 (12.1%) .017 .040 20 (23.8%) .133 .306

Hypertension 1230 (56.6%) 29 (72.5%) .044 10 (76.9%) .140 .753 13 (39.4%) .048 .004 40 (47.6%) .104 .009

Dyslipidemia 1094 (50.3%) 18 (45.0%) .505 7 (53.8%) .800 .579 9 (27.3%) .009 .118 32 (38.1%) .028 .464

Smoking 1196 (55.0%) 21 (52.5%) .752 7 (53.8%) .933 .933 24 (72.7%) .042 .077 32 (38.1%) .002 .130

Previous AMI 158 (7.3%) 1 (2.5%) .247 0 (0.0%) .313 .565 2 (6.1%) .791 .445 5 (6.0%) .648 .402

Previous PCI 206 (9.5%) 3 (7.5%) .672 0 (0.0%) .244 .309 2 (6.1%) .505 .909 6 (7.1%) .472 .943

Shockable rhythm – 38 (95.0%) – 13 (100%) – .411 31 (93.9%) – .352 76 (90.5%) – .387

PCI performed 1862 (85.6%) 28 (70.0%) .005 12 (92.3%) .494 .104 33 (100%) .019 .173 57 (67.9%) < .001 .810

Shock 135 (6.2%) 12 (30.0%) < .001 1 (7.7%) .825 .104 15 (45.5%) < .001 .168 19 (22.6%) < .001 .375

Anterior location 843 (38.8%) 21 (52.5%) .078 10(76.9%) .005 .121 12 (36.4%) .778 .158 35 (41.7%) .594 .257

Outside working hours 1685 (77.5%) 28 (70.0%) .261 10 (76.9%) .960 .398 25 (75.8%) .811 .583 73 (86.9%) .042 .024

Undetermined location 82 (3.8%) 5 (12.5%) .005 2 (15.4%) .030 .709 2 (6.1%) .495 .001 22 (26.2%) < .001 .084

Symptom-to-FMC time, minc 60 (30-155) 13 (0.5-35) < .001 27 (16-55) .028 .064 30 (21-60) .003 .005 30 (20-69) < .001 .029

FMC-to-reperfusion time, minc 116 (85-171) 126 (100-174) .404 116 (95-157) .993 .486 91 (79-128) .028 .030 135 (105-164) .049 .672

Symptom-to-reperfusion time, minc 205 (137-355) 150 (120-225) .005 155 (108-235) .038 .857 146 (106-206) < .001 .387 155 (133-208) < .001 .469

AMI, acute myocardial infarction; FMC, first medical contact; PCI, percutaneous coronary intervention; RCABPA, resuscitated cardiac arrest before primary angioplasty.
a Comparison with no RCABPA.
b Comparison with in-hospital RCABPA.
c Median (25th-75th percentiles).
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Furthermore, the independent predictive value for mortality was 
observed for out-of-hospital RCABPA (OR, 9.15; 95%CI, 5.59-14.95; 
P  < .0005) and for RCABPA occurring outside the health care 
setting (OR, 20.9; 95%CI, 11.40-38.30; P < .0005). When in-hospital 
RCABPA was used as the reference category, the independent 

predictive value was maintained for virtually all nonhospital 
RCABPA locations. There was no significant interaction between 
cardiogenic shock and RCABPA in any of the models. The areas 
under the receiver operating characteristic curves exceeded 85% 
for all models (table 4).

DISCUSSION

To our knowledge, this study analyzes the largest series of patients 
with RCABPA in the setting of STEMI based on the location where 
cardiac arrest occurred. The main findings were as follows:  
a) approximately half of RCABPA episodes in patients with STEMI 
treated within a STEMI code program occurred in a health care 
setting; b) although STEMI complicated by RCABPA before arrival 
at the cath lab was associated with a significantly higher 30-day 
mortality rate, prognosis varied based on RCABPA location;  
c) patients with in-hospital RCABPA did not have a higher crude 
or adjusted mortality rate compared with patients without RCABPA; 
and d) the prognostic differences observed based on RCABPA loca-
tion may reflect differences in CPR availability and effectiveness, 
rather than differences in RCABPA per se. These findings suggest 
that improvements in the STEMI code care pathway could reduce 
mortality (figure 3).

Incidence of cardiac arrest before reperfusion in patients  
with STEMI

Although it has been estimated that approximately half of sudden 
deaths are of coronary origin, these cannot be definitely classified 
because they represent the first sign of ischemic heart disease and 
patients are not resuscitated.11,12 STEMI code programs have 
reported an incidence of RCABPA ranging from 2% to 10%,3,6,13-15 
with variability depending on inclusion criteria and delays to reper-
fusion. In our series, the incidence of RCABPA was 7.3%, which 
is close to the highest reported rates. This may be explained by the 
comprehensive nature of the registry, its regional coverage, and the 
median interval from symptom onset to reperfusion, which 
exceeded 200 minutes. A Danish nationwide case-control study16 
including 1901 patients with STEMI reported an 11.6% incidence 
of ventricular fibrillation before primary angioplasty; although 83% 
of these episodes occurred outside the hospital, the precise location 
was not specified.

We found no previous studies that analyzed prognosis based on the 
location of RCABPA within the STEMI care pathway. This limits 
comparisons with our series, except for episodes occurring during 
transfer in an advanced life support ambulance. The first trials 

Table 3. Interventional procedure outcome and 30-day mortality based on the location of resuscitated cardiac arrest before primary angioplasty

Events No  
RCABPA  
(n = 2174)

Yes  
RCABPA 
(n = 170)

P RCABPA (n = 170)

In-hospital 
(n = 40)

P a Primary 
care  
(n = 13)

P a P b Advanced life 
support 
ambulance  
(n = 33)

P a P b Outside  
the health 
care setting 
(n = 84)

P a P b

Procedural success 2135 (98.2%) 161 (94.7%) < .001 37 (92.5%) .009 13 (100%) .626 .309 31 (93.9%) .072 .809 80 (95.2%) .051 .537

30-day mortality 136 (6.3%) 53 (31.2%) < .001 3 (7.5%) .748 2 (15.4%) .177 .398 7 (21.2%) .001 .090 41 (48.8%) < .001 < .001

30-day cardiovascular 
mortality

110 (5.1%) 25 (14.7%) < .001 2 (5.0%) .986 1 (7.7%) .667 .715 6 (18.2%) .001 .073 16 (19.0%) < .001 .038

RCABPA, resuscitated cardiac arrest before primary angioplasty.
a Comparison with no RCABPA.
b Comparison with in-hospital RCABPA.

RCABPA outside the health
care setting 48.8%; P < .0005a; P <  .0005b 

38.5%; P < .0005a; P <  .0005b

19.6%; P < .0005a; P =  .123b

7.5%; P = .748a

6.3%

0 10 20
Mortality, %
30 40 50 7060

Out-of-hospital RCABPA

Nonhospital health care
setting RCABPA

In-hospital RCABPA

No RCABPA

Figure 1.  Thirty-day mortality according to the location of resuscitated 
cardiac arrest before primary angioplasty (RCABPA).
a Comparison with patients without RCABPA.
b Comparison with patients with in-hospital RCABPA.
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Figure 2.  Kaplan-Meier curves for 30-day survival and significance of the 
log-rank test, using patients without resuscitated cardiac arrest before 
primary angioplasty (RCABPA) as the reference group.
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showing the superiority of primary angioplasty over thrombolysis 
in patients requiring transfer for angioplasty reported ventricular 
fibrillation during ambulance transport in 1.4% of the patients from 
the DANAMI-2 trial17 and 0.7% of the patients from the PRAGUE-2 
trial.18 These figures are similar to the 1.4% observed in our cohort. 
In an observational study of 7393 patients with myocardial infarc-
tion transferred to a tertiary referral center, 5.6% experienced 
cardiac arrest before hospital arrival.19 In our series, > 35% of 
RCABPA episodes occurred in the out-of-hospital health care 
setting, underscoring the importance of appropriate training and 
the availability of material and human resources to provide high-
quality cardiac resuscitation in these settings.

Differences in the prognosis of cardiac arrest in patients  
with STEMI based on location

Despite its high mortality rate, out-of-hospital cardiac arrest of 
coronary origin has a better prognosis than cardiac arrest of noncor-
onary origin.20 Currently, most studies21 assessing the characteris-
tics or prognosis of out-of-hospital RCABPA in patients with or 
without ST-segment elevation myocardial infarction, have defined 
it simply as cardiac arrest occurring outside the hospital, without 
considering the specific setting or whether cardiopulmonary resus-
citation was immediately available. In the present study, prognosis 
differed significantly based on the location of out-of-hospital 
RCABPA. Mortality increased progressively from RCABPA occur-
ring at the hospital or health care setting to RCABPA occurring in 
a nonhospital or outside the health care setting (7.5%, 19.6%, and 
48.8%, respectively).  These differences do not appear to be fully 
explained by the patients’ baseline clinical characteristics or infarct 
presentation, because the independent predictive value of RCABPA 

location for 30-day mortality persisted after adjustment in the 
different multivariate models. Notably, mortality among patients 
with in-hospital RCABPA was not significantly different from that 
observed in patients without RCABPA (7.5% vs 6.3%;  P  = .748; 
figure 2). By contrast, mortality was 3 times higher among those 
with RCABPA occurring in a nonhospital health care setting (19.6% 
vs 6.3%;  P  < .0005). In the adjusted model (table 4), RCABPA 
occurring in a nonhospital health care setting was significantly 
associated with a higher 30-day mortality rate compared with 
patients without RCABPA and those with in-hospital RCABPA (OR, 
13; P = .044). A previous study analyzing the prognosis of in-hos-
pital cardiac arrest in 40 670 patients with STEMI22 reported an 
in-hospital mortality rate of 53%, which is substantially higher than 
that observed in our cohort and significantly higher than that 
among patients without cardiac arrest. However, unlike in our 
study, cardiac arrests in that series occurred throughout hospital-
ization and therefore probably reflected, in many cases, more 
severe clinical deterioration, including potentially irreversible 
situations.

Despite the adjustments made, we cannot rule out that patients 
with RCABPA had location-related characteristics that influenced 
prognosis. However, our findings suggest that, although health care 
settings have defibrillation capability and advanced CPR, and 
although almost all cardiac arrests are caused by shockable rhythms, 
in-hospital RCABPA is treated more effectively than out-of-hospital 
RCABPA.

Although in the present study, most RCABPA episodes involved 
shockable rhythms, RCABPA was associated with poor prognosis 
regardless of cardiogenic shock. This suggests that most RCABPA 
episodes were not primarily related to an irreversible hemodynamic 

Table 4. Adjusted contribution of recovered cardiac arrest before primary angioplasty, based on location, to 30-day mortality. Logistic regression analysis with 
predictors of 30-day mortality

Location of RCABPA n B 95%CI P Area under the ROC curve 95%CI P

Compared with no RCABPA (n = 2174)

RCABPA (any location)a 170 5.99 3.78-9.51 < .001 0.869 0.844-0.894 < .001

In-hospital RCABPAb 40 0.26 0.19-1.77 .256 0.862 0.831-0.893 < .001

RCABPA in primary carec 13 3.26 0.63-16.94 .159 0.850 0.817-0.883 < .001

RCABPA in an advanced life support ambulanced 33 2.35 0.83-6.68 .108 0.862 0.832-0.893 < .001

RCABPA outside the health care settinge 84 20.90 11.40-38.30 < .001 0.875 0.848-0.902 < .001

Nonhospital health care setting RCABPAc 46 2.33 0.96-5.63 .060 0.852 0.820-0.884 < .001

Out-of-hospital RCABPAc 130 9.15 5.59-14.94 < .001 0.869 0.842-0.896 < .001

Compared with in-hospital RCABPA (n = 40)

RCABPA in primary carec 13 22.48 0.61-83.79 .091 0.879 0.734-1.00 .006

RCABPA in an advanced life support ambulancec 33 19.02 0.81-445.13 .067 0.950 0.902-0.998 < .001

RCABPA outside the health care settingc 84 35.15 6.99-176.65 < .001 0.865 0.803-0.927 < .001

Nonhospital health care setting RCABPAc 46 12.99 1.07-157.71 .044 0.908 0.824-0.992 < .001

Out-of-hospital RCABPAc 130 12.52 3.16-49.61 < .001 0.809 0.745-0.873 < .001

RCABPA, recovered cardiac arrest before primary angioplasty.
Variables included in the models:
a RCABPA, age, female sex, diabetes, dyslipidemia, undetermined location, shock, PCI performed, symptom-to-FMC delay.
b RCABPA, age, hypertension, undetermined location, shock, PCI performed, symptom-to-FMC delay.
c RCABPA, age, undetermined location, shock, PCI performed, symptom-to-FMC delay.
d RCABPA, age, diabetes, hypertension, dyslipidemia, smoking, undetermined location, shock, PCI performed, symptom-to-FMC delay.
e RCABPA, age, dyslipidemia, smoking, undetermined location, shock, PCI performed, symptom-to-FMC delay.
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condition, but rather that prognosis may have been determined by 
the consequences of delayed rhythm reversal. This interpretation 
is supported by the absence of significantly worse prognosis when 
cardiac arrest occurred in the hospital setting.

The diversity observed in mortality between in-hospital RCABPA 
and RCABPA occurring in other locations suggests that prognosis 
may be more closely related to the quality and immediacy of CPR 
than to cardiac arrest per se. We consider this one of the most 
important findings of our study, because it identifies potential 
opportunities to improve survival among patients with RCABPA 
occurring in out-of-hospital health care setting. Future studies 
should further explore differences in the clinical presentation and 
treatment of patients within the health care system outside and 
inside the hospital to identify actionable areas for improvement.

Prognosis of RCABPA outside the health care setting

Although most studies report in-hospital mortality rates of 55% to 
70% among survivors of out-of-hospital cardiac arrest,12 the precise 
location of arrest is usually not specified. Cause of cardiac arrest, 
initial rhythm, comorbidity, and socioeconomic status have all been 
associated with prognosis.23 Rapid initiation of resuscitation, even 
by the first witness,24,25 is a key determinant of survival.23,26 In our 
study, mortality among patients with RCABPA occurring outside 
the health care setting was 6 times higher than that among patients 

with in-hospital RCABPA and more than twice that among patients 
with RCABPA occurring in out-of-hospital health care settings. This 
difference persisted after adjustment for the main variables associ-
ated with prognosis. These findings support the importance of 
population-based campaigns aimed at improving recognition of 
cardiac arrest and promoting early defibrillation. Current CPR 
guidelines27 recommend facilitating access to defibrillators in public 
places and training the general population in CPR maneuvers.

Two studies have analyzed differences in all-cause mortality after 
out-of-hospital cardiac arrest based on the precise place of occur-
rence.28,29 In both studies, mortality was highest when cardiac 
arrest occurred at home, probably because of poorer access to 
defibrillation and CPR. In our series, the precise location of 
out-of-hospital RCABPA episodes could not be determined; there-
fore, differences within this group based on whether they occurred 
in a public or private place cannot be ruled out.

Limitations

The study design does not allow to determine precisely how many 
patients with cardiac arrest in the context of STEMI died before 
STEMI code activation. An undetermined number of patients may 
have died before the arrival of emergency teams, during first 
contact, or after unsuccessful resuscitation attempts. Although 
nonresuscitated cardiac arrest after activation but before arrival at 

Re s u l t sS tu d y  p o p u l a t i o n

Figure 3. Central illustration. Study design and main results. PCI, percutaneous coronary intervention; RCABPA, resuscitated cardiac arrest before primary 
angioplasty; STEMI, ST-segment elevation myocardial infarction.
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the cath lab is exceptional, this may not be the case for patients 
who experience sudden death before contact with health care 
services, without successful circulatory restoration allowing transfer 
to the cath lab. This may introduce biases that are difficult to 
control. We believe this limitation is common to most registries of 
out-of-hospital cardiac arrest and reflects the real-world clinical 
practice setting of the study. The similarity between our RCABPA 
rates and those reported in previous studies on primary angioplasty 
or STEMI suggests that our findings are representative of the 
routine clinical practice.

Some differences in mortality according to RCABPA location may 
be explained by clinical characteristics that were not controlled for 
in the multivariate analyses. Information on the presence of 
witnesses, availability of a semiautomatic external defibrillator, and 
qualifications of the first rescuer was not available in our series; 
therefore, their influence on the observed results could not be 
assessed. Despite these unmeasured variables, we believe that the 
observed differences, particularly within the health care setting, 
suggest important opportunities for improvement in STEMI code 
programs. The high area under the receiver operating characteristic 
curve observed in the different models reduces the relevance of 
these potential uncontrolled variables.

CONCLUSIONS

Cardiac arrest in patients with STEMI before reperfusion occurs in 
7.3% of cases referred for primary angioplasty, and approximately 
half of these events occurred outside the health care setting. 
Although RCABPA was associated with significantly higher 
mortality rates, prognosis varied based on the location of the 
cardiac arrest. In-hospital RCABPA may not adversely affect prog-
nosis, whereas out-of-hospital RCABPA, particularly when occur-
ring outside the health care setting, was associated with significantly 
higher mortality rates. Improvements in regional STEMI code 
programs focused on early medical care and out-of-hospital CPR 
could reduce mortality. 
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