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BACKGROUND The risk of sudden cardiac death (SCD) is high early after myocardial infarction (MI). Current knowledge

and guidelines mainly rely on results from older clinical trials and registry studies. Left ventricular ejection fraction (LVEF)

alone has not been proven a reliable predictor of SCD.

OBJECTIVES This study sought to identify the incidence and additional predictors of SCD early after MI in a contem-

porary nationwide setting.

METHODS The authors used data from SWEDEHEART, the Swedish Cardiopulmonary Resuscitation Registry, and the

Swedish Pacemaker and Implantable Cardioverter-Defibrillator (ICD) Registry. Cases of MI, which had undergone coro-

nary angiography and were discharged alive between 2009 to 2017 without a prior ICD, were followed up to 90 days.

Cox regression models were used to assess associations between clinical parameters and out-of-hospital cardiac arrest

(OHCA).

RESULTS Among 121,379 cases, OHCA occurred in 349 (0.29%) and non-OHCA death in 2,194 (1.8%). A total of 6

variables (male sex, diabetes, estimated glomerular filtration rate <30 ml/min/1.73 m2, Killip class $II, new-onset atrial

fibrillation/flutter, and impaired LVEF [reference $50%] categorized as 40% to 49%, 30% to 39%, and <30%) were

identified as independent predictors, were assigned points, and were grouped into 3 categories, where the incidence of

OHCA ranged from 0.12% to 2.0% and non-OHCA death from 0.76% to 11.7%. Stratified by LVEF <40% alone, the

incidence of OHCA was 0.20% and 0.76% and for non-OHCA death 1.1% and 4.9%.

CONCLUSIONS In this nationwide study, the incidence of OHCA within 90 days after MI was <0.3%. A total of 5

clinical parameters in addition to LVEF predicted OHCA and non-OHCA death better than LVEF alone.

(J Am Coll Cardiol 2020;76:2926–36) © 2020 by the American College of Cardiology Foundation.
V entricular arrhythmias are a major cause of
sudden cardiac death (SCD) in the early
period following myocardial infarction (MI)

(1). The risk of SCD is markedly increased in the first
30 days after MI and is strongly associated with a
poor left ventricular ejection fraction (LVEF) and clin-
ical heart failure (2,3). Nevertheless, 2 major
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randomized trials did not demonstrate a benefit of
implantable cardioverter-defibrillator (ICD) therapy
early after MI in patients with LVEF #35% or #30%,
presumably due to competing causes of death (4,5).
Accordingly, current guidelines recommend ICD for
primary prevention not earlier than 40 days after MI
or 90 days after revascularization in patients on
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AB BR E V I A T I O N S

AND ACRONYM S

CPR = cardiopulmonary

resuscitation

eGFR = estimated glomerular

filtration rate

ICD = implantable

cardioverter-defibrillator

LVEF = left ventricular

ejection fraction

MI = myocardial infarction

OHCA = out-of-hospital

cardiac arrest

SCD = sudden cardiac death
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optimal medical therapy for 3 months with
LVEF #35% (6,7).

During the last decades, medical treatment has
evolved, rates of in-hospital revascularization have
increased, and outcome has improved following MI
(8,9). Yet, current knowledge and guidelines
regarding SCD early after MI largely rely on trials and
registry studies conducted in the 1990s and early
2000s. Hence, there is a clear need for contemporary
studies examining the epidemiology of SCD early af-
ter MI and associations to different clinical factors to
identify patients who may benefit from early pre-
ventive treatment.

The objective of this study was to assess the inci-
dence of out-of-hospital cardiac arrest (OHCA) within
90 days after MI in a contemporary setting restricted
to patients without a prior ICD who had undergone
in-hospital coronary angiography. In addition, we
aimed to assess patient characteristics beyond LVEF
as possible predictors of OHCA.
SEE PAGE 2937
METHODS

Patients were identified through the SWEDEHEART
(Swedish Web-System for Enhancement and Devel-
opment of Evidence-Based care in Heart Disease
Evaluated According to Recommended Therapies)
using additional data from the Swedish Cardiopul-
monary Resuscitation (CPR) Registry and the
Swedish Pacemaker and ICD Registry. The regional
ethics committee in Stockholm approved the pro-
tocol of the study.

DATA SOURCES. SWEDEHEART is a national quality
registry including nearly all patients admitted to a
coronary care unit in Sweden with symptoms sug-
gestive of an acute coronary syndrome. Data on de-
mographics, medical history, baseline variables,
medical treatment, procedures, and complications
during the hospital course, as well as medication at
discharge are collected prospectively as part of the
registry. SWEDEHEART is regularly linked to the
Swedish Population registry to obtain vital status in-
formation. Patients are informed about their partici-
pation in the registry and may choose to opt-out (10).

The Swedish CPR Registry includes patients with
cardiac arrest where resuscitation has been attempted
both in and out of hospital. For OHCA, the coverage
rate is nearly 100% for patients receiving treatment by
emergency medical service (EMS) nurses, because all
ambulance stations in Sweden are connected and
report to the registry. Information collected includes
initial recorded rhythm and outcome of cardiac arrest.
The Swedish Pacemaker and ICD Registry
collects data on pacemaker and ICD implants
from 44 centers in Sweden covering 97% of
the total implanting activity in the country
when validated to the National Patient Reg-
ister. Data on date of implantation, clinical
indication, and etiology is recorded as part of
the registry. Patients are informed about their
participation in the registry and may choose
to opt-out (11).

STUDY POPULATION. All patients hospital-
ized with MI, registered in SWEDEHEART
between January 1, 2009, and December 31,
2017, and discharged alive were eligible for

entry in the study. Patients could enter the study
multiple times if a new MI admission was more than
90 days apart from the last preceding MI discharge
date. The flow chart of cohort selection is shown in
Figure 1. A total of 159,209 cases were eligible for
entry in the study. Excluded were those who did not
undergo coronary angiography during index hospi-
talization (n ¼ 34,686), cases readmitted because of
MI during follow-up (n ¼ 1,735), and those who were
registered in the Swedish Pacemaker and ICD Registry
and had undergone ICD implantation before end of
follow-up (n ¼ 1,409). Among the latter, a majority
(n ¼ 1,014) had an ICD implanted before or during
index hospitalization. The remaining cases (n ¼ 395)
had an ICD implantation within 90 days after index
discharge, none of whom had OHCA registered in the
Swedish CPR registry. No data on whether the im-
plantation procedure was elective or performed dur-
ing hospitalization was available.

FOLLOW-UP AND OUTCOME. Patients were followed
up to 90 days after discharge or to December 31, 2017.
Outcome was defined as OHCA registered in the
Swedish CPR Registry up to 90 days after discharge.
Patients who died within 90 days after discharge but
were not registered in the Swedish CPR Registry
during the same period were censored and classified
as non-OHCA death.
STATISTICAL ANALYSES. Descriptive values are
presented as numbers and proportions for categorical
variables and as medians with 25th and 75th percen-
tiles for continuous variables. Demographic and
clinical characteristics were compared between
groups using Pearson’s chi-square test and Wilcoxon
rank-sum test as appropriate.

Cox proportional hazard models were used to
assess the association between candidate variables
and the occurrence of OHCA within 90 days after
discharge. In total, 24 candidate variables
(Supplemental Table 1) were selected based on



FIGURE 1 Cohort Selection Flow Chart

349 registered OHCA ≤90 days after discharge121,030 without registered OHCA ≤90 days after discharge

Cross-linkage with the Swedish Cardiopulmonary Resuscitation Registry

Final cohort
N = 121,379

1,409 excluded because ICD implantation was performed before end of follow-up
as registered in the Swedish Pacemaker and ICD Registry*

34,686 excluded because coronary angiography was not performed

1,735 excluded because of MI readmission within 90 days

MI registered in SWEDEHEART 2009-2017
and discharged alive

N = 159,209

*1,014 ICD implants before or during index hospitalization. 395 ICD implants during follow-up. ICD ¼ implantable cardioverter-defibrillator; MI ¼ myocardial infarction;

OHCA ¼ out-of-hospital cardiac arrest; PCI ¼ percutaneous coronary intervention.
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findings from prior studies, clinical relevance, and
data availability (2,12). Rates of missing data were
generally low (<1%) with a few exceptions (Table 1).
Most notably, LVEF assessed during the hospital
course was missing in 15.5% of cases. To account for
missing data, multiple imputation by chained equa-
tions was performed (13). All covariates as well as
events were used as predictors, generating 20
imputed datasets.

Continuous variables were categorized to identify
any nonlinear relationships. Estimated glomerular
filtration rate (eGFR) was calculated using the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI)
equation and categorized as follows: $90 (reference),
60 to 89, 30 to 59, and #30 ml/min/1.73 m2 (14). Body
mass index was categorized according to the World
Health Organization (WHO) standards with body mass
index 18.5 to 24.9 kg/m2 as the reference category. Age
was divided into the following year categories: <50
(reference), 50 to 59, 60 to 69, 70 to 79, and $80 years.
Hemoglobin was divided into the following
categories: <90, 100 to 109, 110 to 119, 120 to 129,
and $130 g/l (reference). LVEF was categorized ac-
cording to the variable categories available in
SWEDEHEART:$50% (reference), 40% to 49%, 30% to
39%, and <30%.

All candidate variables were initially evaluated
using univariate analysis and incorporated in multi-
variate models if the significance level was <0.05. In
the multivariate models, backward selection was
performed using the 0.05 significance level.

In the final predictive model, all variables except
LVEF were dichotomized. In this model, interaction
terms were tested for all variables. Additionally,
variables were individually tested graphically using
log-log plots and globally by the use of Schoenfeld
residuals, confirming that the proportional hazards
assumption was met. We constructed a simple strat-
ification model, where all variables included in the
final predictive model were assigned points corre-
sponding to the hazard ratios.

As a sensitivity analysis, using Fine-Gray models
with mortality in the non-OHCA group as competing
risk, all candidate variables were tested and a pre-
dictive model was developed in the same manner as
described in the previous text. Additional sensitivity
analyses were performed using complete cases only.
All statistical analyses were performed using STATA
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version 15.1 (Stata Corporation, College Station,
Texas).

RESULTS

INCIDENCE, PROGNOSIS, AND PATIENT

CHARACTERISTICS OF OHCA. In total, 121,379 cases,
comprising 113,493 unique patients, were enrolled in
the cohort (Figure 1). There were 349 (0.29%) cases of
OHCA recorded in the Swedish CPR Registry within
90 days after discharge. The median time to OHCA
was 11 days (25th and 75th percentiles, 3 and 44 days)
after discharge (Supplemental Figure 1). The cumu-
lative incidence of OHCA at 30 and 40 days after
discharge was 0.19% and 0.21%, respectively. Among
OHCA patients, an initial shockable rhythm was
recorded in 36.4%. During the follow-up period, 301
(86.3%) patients in the OHCA group died.

Baseline characteristics differed (Table 1), so that
patients with OHCA were older and were more likely
to be men and have a history of diabetes and heart
failure. On admission to hospital at the time of the MI,
patients with subsequent OHCA were more likely to
have Killip class $II, bundle branch block, lower
eGFR, and ST-segment elevation MI. In addition,
these patients had a more complicated hospital
course, as they were more likely to have multivessel
and/or left main coronary artery disease, cardiogenic
shock, inotropic support, new-onset atrial fibrillation
or flutter, and a lower LVEF assessed during
hospitalization.

VARIABLES ASSOCIATED WITH OHCA. In multivar-
iate Cox analyses, 6 variables were independently
associated with OHCA within 90 days after discharge:
male sex, diabetes, eGFR <30 ml/min/1.73 m2, Killip
class $II, new-onset atrial fibrillation/flutter, and
impaired LVEF (reference $50%) categorized as 40%
to 49%, 30% to 39%, and <30% (Central Illustration).
There was a significant interaction between Killip
class and LVEF, such that the impact of Killip $2
diminished with worsened LVEF. In the sensitivity
analysis, using Fine-Gray models with death in the
non-OHCA groups as competing risk, the same vari-
ables as mentioned in the previous text were inde-
pendently associated with the occurrence of OHCA
within 90 days after discharge. Cox analyses
restricted to complete cases showed similar results.

To assess a simple stratification of risk, the 6
variables included in the final predictive model
were assigned points approximately corresponding
to the hazard ratios with a maximal sum of 11
points: male sex (1 point), diabetes (1 point),
eGFR <30 ml/min/1.73 m2 (2 points), Killip class $II (2
points), new-onset atrial fibrillation/flutter (1 point),
LVEF 40% to 49% (2 points), LVEF 30% to 39% (3
points), and LVEF <30% (4 points). For further
simplicity, point totals were arbitrary clustered into 3
risk groups: low (0 to 2 points), intermediate (3 to 7
points), and high ($8 points). For the 3 risk groups,
the incidence of OHCA ranged from 0.12% to 2.0%
(Figure 2A). In comparison, the incidence of OHCA
was 0.20% and 0.76% stratified by LVEF $40%
and <40% alone (Figure 2B).

Using LVEF <40% as a standalone predictor of
OHCA, the c statistic was 0.63, whereas using the 6
variables in the predictive model yielded a c statistic
of 0.75 (0.73 averaged over the imputation sets). For
further comparison, using LVEF <30% as a stand-
alone predictor of OHCA, the incidence ranged from
0.26% to 1.1% and the c statistic was 0.56.

MORTALITY IN THE NON-OHCA GROUP. Within
90 days after discharge, 2,194 (1.8% of the entire
cohort) patients died without having OHCA recorded
in the Swedish CPR Registry. The median time to non-
OHCA death was 28 days (25th and 75th percentiles,
10 and 56 days) after discharge (Supplemental
Figure 1). The cumulative incidence of non-OHCA
death at 30 and 40 days after discharge was 0.95%
and 1.1%, respectively. Compared with patients
experiencing OHCA, patients who died during follow-
up without having OHCA recorded were older, were
more likely to be women, had lower eGFR and he-
moglobin on admission, and were more likely to have
3-vessel and/ or left main coronary artery disease
(Supplemental Table 2).

PREDICTION OF DEATH IN THE NON-OHCA GROUP.

Variables associated with OHCA were also shown to
be predictive of non-OHCA death within 90 days after
discharge. For the 3 risk groups, the incidence of non-
OHCA death ranged from 0.76% to 11.7% (Figure 3A).
In comparison, the incidence of non-OHCA death was
1.1% and 4.9% stratified by LVEF $40% and <40%
alone (Figure 3B). Figure 4 depicts the combined
incidence of OHCA and non-OHCA death stratified by
the 3 risk groups and LVEF <40% alone.

DISCUSSION

This nationwide study is among the first to examine
the incidence and characteristics of OHCA in a large
contemporary post-MI cohort. We report 2 main
findings. First, the incidence of OHCA at 90 days post-
discharge was low, affecting only 0.29% in our study.
Second, using 5 easily available clinical parameters
(sex, diabetes, eGFR, symptoms of heart failure, and
new-onset atrial fibrillation/flutter) in addition to
LVEF, OHCA as well as death not caused by OHCA



TABLE 1 Characteristics of the SWEDEHEART Cohort

No OHCA (n ¼ 121,030) OHCA Within 90 Days (n ¼ 349) p Value Missing

Demographics

Age, yrs 69 (61–77) 72 (64–78) <0.001 0 (0.0)

Male 83,595 (69.1) 275 (78.8) <0.001 0 (0.0)

Medical history

Current smoker 27,498 (23.6) 84 (25.3) 0.46 4,466 (3.7)

Hypertension 61,779 (51.4) 189 (54.8) 0.21 779 (0.6)

Diabetes 25,650 (21.2) 107 (30.7) <0.001 238 (0.2)

Previous MI 28,358 (23.5) 103 (29.7) 0.007 544 (0.5)

Previous PCI 22,267 (18.5) 79 (22.7) 0.044 632 (0.5)

Previous CABG 9,153 (7.6) 49 (14.1) <0.001 318 (0.3)

Previous stroke 7,609 (6.3) 30 (8.7) 0.072 876 (0.7)

History of heart failure 7,954 (6.8) 61 (17.9) <0.001 3,755 (3.1)

Presentation characteristics

eGFR, CKD-EPI, ml/min/1.73 m2 80 (63–92) 76 (54–90) <0.001 4,359 (3.6)

eGFR <30, CKD-EPI, ml/min/1.73 m2 2,892 (2.5) 25 (7.5) <0.001

Hemoglobin, g/l 141 (130–151) 138 (126–150) 0.019 6,447 (5.3)

BMI, kg/m2 26.8 (24.3–29.7) 26.8 (24.2–30.1) 0.93 6,391 (5.3)

Heart rate, beats/min 77 (65–90) 82 (70–100) <0.001 1,327 (1.1)

Systolic blood pressure, mm Hg 150 (130–170) 140 (124–160) <0.001 1,450 (1.2)

BBB <0.001 2,215 (1.8)

LBBB 5,134 (4.3) 32 (9.4)

RBBB 4,880 (4.1) 17 (5.0)

Killip class $II 8,623 (7.3) 72 (21.3) <0.001 2,916 (2.4)

Pre-hospital CPR 1,887 (1.6) 12 (3.5) 0.005 2,180 (1.8)

Hospital course

In-hospital CPR 2,479 (2.0) 15 (4.3) 0.003 36 (0.03)

In-hospital cardiogenic shock 1,186 (1.0) 10 (2.9) <0.001 190 (0.2)

In-hospital bleeding 1,120 (0.9) 3 (0.9) 0.90 58 (0.05)

Reinfarction 732 (0.6) 4 (1.1) 0.19 56 (0.05)

Inotropic support 2,968 (2.5) 21 (6.0) <0.001 126 (0.1)

New-onset atrial fibrillation/flutter 4,886 (4.0) 31 (8.9) <0.001 248 (0.2)

LVEF <0.001 18,831 (15.5)

$50% 63,505 (62.1) 82 (27.5)

40%–49% 22,030 (21.5) 88 (29.5)

30%–39% 12,407 (12.1) 81 (27.2)

<30% 4,308 (4.2) 47 (15.8)

STEMI 43,314 (35.8) 158 (45.3) <0.001

In-hospital coronary angiography/PCI 0.41 0 (0.0)

Coronary angiography only 25,917 (21.4) 81 (23.2)

PCI 95,113 (78.6) 268 (76.8)

Angiographic findings <0.001 100 (0.08)

1VD 47,482 (39.3) 101 (28.9)

2VD 29,891 (24.7) 97 (27.8)

3VD/LM 32,315 (26.7) 128 (36.7)

Inconclusive 182 (0.2) 1 (0.3)

No significant stenosis/atheromatosis 11,060 (9.1) 22 (6.3)

CABG during hospitalization 3,358 (2.8) 1 (0.3) 0.005 0 (0.0)

Continued on the next page
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could be more accurately predicted than by using an
LVEF cutoff alone.

The patients selected for inclusion in the study
had all undergone coronary angiography and nearly
80% were also revascularized. In addition, most
patients were on optimal medical therapy at
discharge. At least 90% received aspirin, statins, and
beta-blockers. Almost 90% received P2Y12 receptor
inhibitors, and over 80% received angiotensin-
converting enzyme inhibitors or angiotensin recep-
tor blockers. Nevertheless, heart failure therapy may
not have been optimized because initiation and



CENTRAL ILLUSTRATION Summary of Study Design and Results

Faxén, J. et al. J Am Coll Cardiol. 2020;76(25):2926–36.

The table shows the 6 variables associated with out-of-hospital cardiac arrest within 90 days after MI discharge in multivariate Cox models. CI ¼ confidence interval;

CPR ¼ cardiopulmonary resuscitation; HR ¼ hazard ratio; ICD ¼ implantable cardioverter-defibrillator; LVEF ¼ left ventricular ejection fraction; MI ¼ myocardial

infarction; PCI ¼ percutaneous coronary intervention; STEMI ¼ ST-segment elevation myocardial infarction; SWEDEHEART Swedish Web-System for Enhancement and

Development of Evidence-Based care in Heart Disease Evaluated According to Recommended Therapies.

TABLE 1 Continued

No OHCA (n ¼ 121,030) OHCA Within 90 Days (n ¼ 349) p Value Missing

Medication at discharge

Aspirin 114,520 (94.7) 322 (92.3) 0.039 141 (0.1)

P2Y12 receptor inhibitor 107,384 (88.8) 312 (89.4) 0.74 131 (0.1)

Statin 114,248 (94.5) 320 (91.7) 0.021 142 (0.1)

Beta-blockers 108,515 (89.8) 327 (93.7) 0.015 130 (0.1)

Calcium-channel blockers 21,275 (17.6) 44 (12.6) 0.014 137 (0.1)

Digoxin 1,761 (1.5) 8 (2.3) 0.19 127 (0.1)

ACE inhibitor or ARB 99,263 (82.1) 302 (86.5) 0.033 197 (0.2)

Diuretic agents 27,872 (23.1) 149 (42.7) <0.001 133 (0.1)

Values are median (interquartile range) or n (%).

ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin II receptor blocker; BBB ¼ bundle branch block; BMI ¼ body mass index; CABG ¼ coronary artery by-pass grafting;
CKD-EPI ¼ Chronic Kidney Disease Epidemiology Collaboration; CPR ¼ cardiopulmonary resuscitation; eGFR ¼ estimated glomerular filtration rate; LBBB ¼ left bundle branch
block; LM ¼ left main; LVEF ¼ left ventricular ejection fraction; MI ¼ myocardial infarction; OHCA ¼ out-of-hospital cardiac arrest; PCI ¼ percutaneous coronary intervention;
RBBB ¼ right bundle branch block; STEMI ¼ ST-segment elevation myocardial infarction; VD ¼ vessel disease; SWEDEHEART ¼ Swedish Web-System for Enhancement and
Development of Evidence-Based care in Heart Disease Evaluated According to Recommended Therapies.
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FIGURE 2 Cumulative Incidence of OHCA After MI Discharge
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titration is carried out in intervals over a period of
time.

We chose not to include patients who were treated
noninvasively. These patients may represent a more
fragile and comorbid population, which would not be
of primary interest when risk stratification for
arrhythmic death and candidacy for ICD implantation
is warranted because of competing causes of death.
Additionally, the reported incidence of OHCA in this
group may have been counteracted by higher rates of
rehospitalization and do-not-resuscitate orders.

In comparison with previous data, the incidence of
OHCA was low in this study. In a community-based
cohort study of 3,000 post-MI patients between 1979
and 2005, the cumulative incidence of SCD was 1.2%
at 30 days after discharge. Among SCD patients, 21%
had undergone reperfusion therapy, whereas the
corresponding proportion in non-SCD patients was



FIGURE 3 Cumulative Incidence of Non-OHCA Death After MI Discharge
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56% (2). The VALIANT (Valsartan in Acute Myocardial
Infarction) trial enrolled over 14,000 post-MI patients
between 1998 and 2001 with LVEF #40% or clinical or
radiological signs of heart failure. The 30-day inci-
dence of SCD was 1.4%, and 30% of these patients had
undergone reperfusion therapy compared with 49%
of patients without SCD (3).

Although the Swedish CPR Registry does not
capture all cases of OHCA and OHCA does not
comprise all cases of SCD, our findings may be a
result of the fact that the incidence of SCD early
after MI has declined in recent years, at least for
patients for whom SCD preventive strategies may be
most beneficial. This may in part be due to
improved rates of revascularization and medical
treatment. Our results suggest that rates of pre-
ventable deaths early after MI may be limited.
Among cases of OHCA and non-OHCA death, CPR
was only initiated in 14%, of which <40% had an
initial shockable rhythm.



FIGURE 4 Combined Cumulative Incidence of OHCA and Non-OHCA Death After MI Discharge

0
Days After Discharge

A

Cu
m

ul
at

iv
e 

In
ci

de
nc

e 
of

 O
HC

A 
an

d
No

n-
OH

CA
 D

ea
th

 (%
)

5

15

10

0
10 20 30 50 60 70 8040 90

13.7

3.7

0.88

0
Days After Discharge

B

Cu
m

ul
at

iv
e 

In
ci

de
nc

e 
of

 O
HC

A 
an

d
No

n-
OH

CA
 D

ea
th

 (%
)

5

15

10

0
10 20 30 50 60 70 8040 90

1.3

5.7

LVEF ≥40% LVEF <40%

0-2 Points 3-7 Points ≥8 Points

Kaplan-Meier estimates of the combined rate of OHCA and non-OHCA death after MI discharge stratified by sum of points (A) and an LVEF

cut-off of <40% (B). Variables included in the predictive model were assigned points approximately corresponding to the hazard ratios with

a maximal sum of 11 points: male sex (1 point), diabetes (1 point), eGFR <30 ml/min/1.73 m2 (2 points), Killip class $II (2 points), new-onset

atrial fibrillation/flutter (1 point), LVEF 40% to 49% (2 points), LVEF 30% to 39% (3 points), and LVEF <30% (4 points). Abbreviations as in

Figures 1 and 2.

Faxén et al. J A C C V O L . 7 6 , N O . 2 5 , 2 0 2 0

Out-of-Hospital Cardiac Arrest After Myocardial Infarction D E C E M B E R 2 2 , 2 0 2 0 : 2 9 2 6 – 3 6

2934
Recently, the results of the VEST (Vest Prevention
of Early Sudden Death Trial) were published (15). In
total, 2,302 participants with LVEF #35% were
included who were randomly assigned to a wearable
cardioverter-defibrillator in a 2:1 fashion within
7 days after MI discharge and followed up to 90 days.
Similar to the patients included in our observational
study, rates of in-hospital revascularization were high
with PCI performed in 83.6% of the participants.
Given that only patients with impaired LVEF were
included, the cumulative incidences of arrhythmic
death and nonarrhythmic death were higher in both
the device group (1.6% and 1.4%) and in the control
group (2.4% and 2.2%). The primary outcome of
arrhythmic death did not differ significantly between
the device and control groups. It is possible that the
trial was underpowered to detect a benefit of a
wearable cardioverter-defibrillator. The relatively low
compliance with the wearable cardioverter-
defibrillator may also be of importance to the result.



PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: In a contempo-

rary nationwide Swedish registry, the incidence of OHCA within

90 days after MI is 0.3% in patients who had undergone in-

hospital coronary angiography and were discharged without an

ICD. In addition to LVEF, predictors of OHCA included male sex,

diabetes, renal impairment, heart failure, and newly identified

atrial fibrillation or atrial flutter.

TRANSLATIONAL OUTLOOK: Further studies are needed to

assess the utility of incorporating selection criteria beyond LVEF

to identify patients who benefit from strategies to prevent OHCA

early after MI.
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However, it is also possible that a more differentiated
algorithm, using additional selection criteria, beyond
LVEF, is needed to identify a subgroup of patients
who may benefit from SCD preventive strategies.

We found that 5 clinical parameters in addition to
LVEF may improve prediction of OHCA. However,
these variables were also predictive of non-OHCA
death. In univariate analysis, male sex was the only
variable discriminating between OHCA and non-
OHCA death. To that end, further research is needed
to investigate whether a more differentiated strategy
could selectively target patients at risk for SCD and
preferably arrhythmic death early after MI. Our re-
sults support previous evidence that LVEF alone does
not do the job, and this is now shown in a large
contemporary post-MI population as well (4,5,15).

STUDY LIMITATIONS. This nationwide registry study
investigating OHCA early after MI in a contemporary
cohort comprising over 120,000 cases may offer in-
sights beyond controlled clinical trials. Nevertheless,
several important limitations must be addressed.
First, the Swedish CPR Registry does only capture pa-
tients who experience OHCA where resuscitation was
attempted. A recent European survey suggests that
there is a relatively large proportion of patients who
have experienced OHCA and are considered for
resuscitation by EMS but for whom CPR is never
started (16). One may assume that most of these
victims are older and have a terminal disease.
However, some patients from our study cohort
may definitely belong to this group if they, for
example, had a nonwitnessed cardiac arrest or if
there was a very long EMS response time with no
CPR started before EMS arrival.

Second, comparing our results to studies using
SCD, most often ascertained by reviewing medical
records and death certificates, as an endpoint may be
problematic. In addition, not all cases of SCD occur
out of hospital. Third, we did not have information on
hospital readmissions within the follow-up period
other than cases of reinfarction registered in SWE-
DEHEART, which were excluded. Furthermore, in-
formation on whether ICD implantations were
performed electively or during hospitalization was
lacking. For this reason, we chose to exclude patients
who had an ICD implanted after index discharge but
before end of follow-up. None of these had OHCA
registered in the Swedish CPR Registry, but would
preferably have been included and censored as
appropriate. Fourth, although rates of missing data
were low overall, LVEF, a key variable, had a high
degree of missingness. This calls for caution in
interpreting our findings even if complete cases and
multiple imputation analyses gave the same results.

CONCLUSIONS

We have shown that the incidence of OHCA is low in a
contemporary cohort of post-MI cases. In total, 6
clinical variables including LVEF more accurately
predicted OHCA as well as non-OHCA death than an
LVEF cut-off of 40% alone.
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