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Aim:  To  compare  short-  and  long-term  survival  in patients  admitted  to hospital  after  acute  myocardial
infarction  (AMI)  with  and  without  out-of-hospital  cardiac  arrest  (OHCA).
Methods:  Prospective  cohort  study  of  all AMI  patients  admitted  to Oslo  University  Hospital  Ulleval  from
September  1,  2005  to December  31,  2011.  All-cause  mortality  was  obtained  from  the  Norwegian  Cause
of  Death  Registry  with  censoring  date  December  31, 2013.  Cumulative  survival  was  assessed  with  the
Kaplan-Meier  and  the  Life-table  method.  Logistic-  and  Cox  regression  were  used  for  risk  comparisons.
Results:  We  identified  404  AMI patients  with  OHCA  and  9425  AMI patients  without.  AMI  patients
without OHCA  were  categorized  as ST-elevation  myocardial  infarction  (STEMI,  n  = 4522)  or  non-STEMI
(NSTEMI,  n =  4903).  Mean  age  was  63.6  ±  standard  deviation  (SD)  12.5,  63.8  ± 13.1  and  69.7  ± 13.6  years
in  OHCA,  STEMI  and  NSTEMI,  respectively.  Coronary  angiography  with  subsequent  percutaneous  coro-
nary  intervention  if indicated,  was  performed  in 87%  of  OHCA,  97%  of  STEMI  and  80%  of  NSTEMI  patients.
Thirty-day  survival  was  63%,  94% and 94%,  and  8-year  survival  was  49%,  74%,  and 57%,  respectively.  Among

patients  surviving  the  first 30 days,  no significant  difference  in  risk  during  long-term  follow-up  was  found
(adjusted  Hazard  Ratio  (aHR)OHCAvsSTEMI 1.15  [95%  CI  0.82–1.60],  aHROHCAvsNSTEMI 0.89  [95%  CI  0.64-1.24]).
Conclusions:  Long-term  survival  after  OHCA  due  to  AMI  was  good,  with  49% of  admitted  patients  being
alive  after  eight  years.  Although  short-term  mortality  remained  high,  OHCA  patients  alive  after  30  days
had similar  long-term  risk as AMI  patients  without  OHCA.

©  2017  The  Author(s).  Published  by Elsevier  Ireland  Ltd.  This  is an open  access  article  under  the CC
ntroduction

Short-term prognosis of patients with out-of-hospital cardiac
rrest (OHCA) has improved during the last 15 years due to exten-
ive efforts to optimise both pre- and in-hospital treatment [1–3].
till, the majority of patients die after OHCA, either pre-hospital due
o lack of return of spontaneous circulation (ROSC) or in-hospital
fter ROSC due to cerebral or other complications.

Standardising post-resuscitation care improved 1-year survival

ith good neurological outcome among OHCA patients admitted

o our hospital in 2003–2005 [4], and is currently recommended in
nternational guidelines [5]. This post-resuscitation care strategy
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includes targeted temperature management (TTM), early coronary
angiography with subsequent percutaneous coronary intervention
(PCI) if indicated, as well as lung-protective mechanical ventila-
tion, control of blood glucose, haemodynamics and seizures, and a
targeted prognostication plan [5].

Ischaemic heart disease and acute myocardial infarction (AMI)
represent the most common causes of OHCA [6,7]. Some studies
have suggested that short-term prognosis after OHCA due to AMI
might be better than for other causes of OHCA [6,8–10]. On the other
hand, we  have previously shown that AMI  among OHCA patients
was associated with higher mortality [11]. With respect to long-
term outcomes, 5-year survival of 44% [7] and 10-year survival of
12–38% [12] have been reported in patients with OHCA of presumed

cardiac cause, depending on selection criteria. To our knowledge,
long-term survival after OHCA due to AMI  with or without ST-
segment elevation has been specifically reported in only one study
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https://doi.org/10.1016/j.resuscitation.2017.11.047
http://www.sciencedirect.com/science/journal/03009572
http://www.elsevier.com/locate/resuscitation
http://crossmark.crossref.org/dialog/?doi=10.1016/j.resuscitation.2017.11.047&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:kristinturcuta@gmail.com
https://doi.org/10.1016/j.resuscitation.2017.11.047
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


4 esusci

[
w

s
t
(
r

M

S

c
o
f
N
p
P

1
i
D
i
i
[
[
w
t
(

w
s
(
p
w
a

t
d
i
o
w
s
c
t
m
m

D

t
n
e
M
h
p
[
r
e
T

(
n

2 K.M. Kvakkestad et al. / R

8]. Hence, more knowledge about long-term prognosis in patients
ith OHCA due to AMI is needed.

The aim of this study was to compare short- and long-term
urvival in unselected AMI  patients with and without OHCA admit-
ed to a high-volume cardiac centre with a 24-h//7 days a week
24/7) coronary angiography/PCI service and standardised post-
esuscitation care.

ethods

tudy population

Oslo University Hospital (OUH) Ulleval is the primary medical
entre for a population of 190,000 inhabitants, and serves as a sec-
ndary cardiac centre performing coronary angiography and PCI
or a population of about 1 400 000 million people in South-Eastern
orway. The hospital has a 24/7 access to coronary angiography for
rimary PCI. Approximately 4400 coronary angiograms and 1600
CIs are performed every year.

All AMI  patients admitted to OUH Ulleval from September
, 2005, to December 31, 2011, were prospectively registered

nto a local AMI registry upon admission. Registration closed on
ecember 31, 2011 due to establishment of a national myocardial

nfarction registry with a new legislation for use of data. The reg-
stration procedure and variables have been described previously
13]. The AMI  diagnosis was based on current international criteria
14,15] and troponin T was used as the cardiac biomarker. Patients
ith OHCA were included in the AMI  registry if they were admitted

o the hospital alive or with ongoing cardiopulmonary resuscitation
CPR) and an AMI diagnosis was confirmed.

Only the patientı́s first AMI  admission during the study period
as included (Fig. 1). AMI  without OHCA were classified as ST-

egment elevation myocardial infarction (STEMI) or non-STEMI
NSTEMI) according to the diagnostic electrocardiogram (ECG). As
ost-ROSC ECGs may  have non-specific changes [16], AMI  patients
ith OHCA were not further classified as STEMI or NSTEMI, but

nalyzed as one single group (OHCA).
All OHCA patients in the post-resuscitation care period were

reated according to our local standardised treatment protocol
escribed elsewhere [4,11]. This treatment protocol [4,11] was

ntroduced at OUH Ulleval already in 2003, with only slight changes
ver the years. Routine coronary angiography with PCI if indicated
as performed immediately after admission in patients with ST-

egment elevation on the ECG and in other patients with presumed
ardiac cause at the clinicians discretion. Comatose patients were
reated with TTM at 33 ◦C for 24 h before gradual rewarming to nor-

othermia. The majority of patients were treated in cardiac and
edical intensive care units (ICUs).

ata quality and validation

Predefined variables were registered into a case report form by
he responsible physician during admission. Trained study person-
el checked the report form for completeness and errors, before
ntering the data into an electronic database developed by the
id-Norway Regional Health Authority. A cross check against the

ospital discharge register was performed monthly and missing
atients were included if they met  the diagnostic criteria for AMI
14]. Supplementary data for the OHCA patients were collected
etrospectively from the hospital records according to the core
lements suggested by the Utstein Resuscitation Registry OHCA

emplates, where available [17].

Cardiogenic shock was defined as a systolic blood pressure
SBP) <90 mmHg  with clinical signs of organ hypoperfusion, or
eed for inotropic drugs to keep SBP >90 mmHg  in the absence of
tation 122 (2018) 41–47

hypovolemia. Ventricular arrhythmias were defined as ventricular
fibrillation (VF) >15 s with a frequency >100 beats per minute or
symptomatic ventricular tachycardia (VT).

In a random validation sample of 200 registered patients, we
found >95% correspondence between data in the AMI  registry and
the patients’ hospital records, except for the variables ‘Previous
hyperlipidemia’ and ‘Family history of coronary artery disease’ with
8% discrepant values. The frequency of missing data was < 7% except
for the variables ‘smoker/ex-smoker’ (13% missing), ‘bystander CPR’
(11% missing), time from cardiac arrest to bystander CPR (24% miss-
ing), time to advanced life support (27% missing) and time to ROSC
(30% missing).

Follow-up and survival

Any deaths and death dates were obtained by linkage of the local
AMI  registry with the Norwegian Cause of Death Registry, contain-
ing vital status throughout 2013. Patients were censored if they
were alive on December 31, 2013. Emigrated patients were cen-
sored at date of last hospital contact (n = 82). Follow-up time was
calculated from admission until censoring or death before January
1, 2014, whichever came first, and varied between patients because
of the dynamic cohort.

Ethics

The establishment of a local AMI  registry was  approved by the
Privacy Protection Officer at OUH. The Norwegian Data Protection
Authority provided concession for data linkage with the Norwegian
Cause of Death Registry (January 5, 2012), with an exemption from
the requirement of patient consent (The Ministry of Health and
Care Services; November 16, 2011). All data for this study were
anonymized before analysis.

Statistical analyses

Categorical variables were presented as percentages of non-
missing values; denominators may  vary. Continuous variables were
presented as mean ± standard deviation (SD) or as median (25,75th
percentile) in variables with many outliers. Between-group differ-
ences for categorical variables were assessed with Chi-square-test,
and for continuous variables with the two-sample t-test or Mann-
Whitney U test, as appropriate.

Cumulative survival was  illustrated with the Kaplan-Meier plot
and differences between OHCA versus STEMI and NSTEMI were
assessed with the Log-rank test. The Life-table method was used to
estimate the cumulative survival at 30 days and at eight years. In a
landmark analysis, we estimated the long-term survival of patients
still at risk at day 30, to allow for a dynamic prediction depend-
ing on survival in the first 30 days [18]. The proportional hazards
assumption, evaluated using the log–log Kaplan-Meier plot, was
unmet using Cox proportional hazards regression for risk of 30 day-
mortality. We  therefore used logistic regression to calculate the
odds ratio (OR) for 30-day mortality in OHCA versus STEMI and
NSTEMI patients, adjusting for age (Model 1) and for characteristics
known at admission (age, gender, previous hypertension, diabetes
mellitus, previous AMI, previous stroke, serum(s)-creatinine and
pre-hospital thrombolysis [STEMI only]) (Model 2). Variables with
>10% missing values (e.g. smoking habits) were not included in the
regression analyses.

We used the Cox proportional hazards regression to calculate
the hazard ratio (HR) for long-term mortality in OHCA versus

STEMI and NSTEMI patients who  survived the first 30 days. The
Cox model was adjusted for age (Model 1), and for age, gender,
previous hypertension, diabetes mellitus, previous AMI, previous
stroke, s-creatinine at admission, pre-hospital thrombolysis [STEMI
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Fig. 1. Cohort creation flow chart.
AMI: Acute myocardial infarction. OHCA: Out-of-hospital cardiac arrest; STEMI: ST-elevation myocardial infarction; NSTEMI: Non-STEMI.

Table 1
Baseline characteristics, reperfusion therapy and invasive coronary procedures.

AMI  without OHCA

AMI  + OHCA, N = 404 STEMI, N = 4522 NSTEMI, N = 4903 p-value1 p-value2

Age, mean (SD) 63.6 (12.5) 63.8 (13.1) 69.7 (13.6) 0.80 <0.001
Female sex, n (%) 81 (20.0) 1123 (24.8) 1717 (35.0) 0.03 <0.001
Previous hypertension, n (%) 142 (35.1) 1553 (34.3) 2113 (43.1) 0.74 0.002
Diabetes mellitus, n (%) 49 (12.3) 578 (12.8) 930 (19.0) 0.71 <0.001
Previous myocardial infarction, n
(%)

68 (17.0) 535 (11.8) 1204 (24.6) 0.003 <0.001

Previous cerebrovascular stroke, n
(%)

16 (4.0) 261 (5.8) 550 (11.2) 0.13 <0.001

Smoker- or ex-smoker, n (%) 170 (65.1) 2804 (68.1) 2557 (61.2) 0.33 0.20
S-creatinine (�mol/l) at admission,
median (25,75th percentile)

89 (72,110) 74 (63,88) 81 (68,98) <0.001 <0.001

Reperfusion therapy and invasive coronary procedures
Thrombolysisa, n (%) 43 (10.7) 488 (10.8) 2 (0) 0.93 –
Coronary angiography, n (%) 353 (87.4) 4366 (96.6) 3910 (79.7) <0.001 <0.001
PCI,  n (%) 273 (67.6) 3815 (84.4) 2011 (41.0) <0.001 <0.001
Primary PCI, n (%) 261 (64.8) 3566 (78.9) – < 0.001 –
Door-to-balloon, minutes, median
(25,75th percentile)

40 (31,70) 36 (29,52) – < 0.001 –

Symptom-to-balloon, minutes,
median (25,75th percentile)

183 (125,291) 259 (160,485) – < 0.001 –

CABG,  n (%) 14 (3.5) 214 (4.7) 513 (10.5) 0.25 < 0.001
Coronary artery disease in patients
undergoing coronary angiography,
n  (%)

N = 353 N = 4366 N = 3910

Normal vessels or atheromathosis 21 (5.9) 127 (2.9) 509 (13.0) 0.002 <0.001
One-vessel disease 146 (41.4) 2022 (46.3) 1460 (37.3) 0.07 0.14
Multi-vessel or left main disease 186 (52.7) 2208 (50.6) 1914 (49.0) 0.44 0.18

OHCA: Out-of-hospital cardiac arrest; STEMI: ST-elevation myocardial infarction; NSTEMI: Non-STEMI; PCI: Percutaneous coronary intervention; CABG: Coronary artery
b
p
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yass  grafting; SD: standard deviation.
1: OHCA vs STEMI, p2: OHCA vs NSTEMI.
Thrombolysis pre hospital or at local hospital.

nly], maximum troponin T, coronary angiography, PCI, cardiogenic
hock, intraaortic balloon pump (IABP), heart failure (without car-
iogenic shock) and atrial fibrillation/flutter (Model 2).

Analyses were performed with STATA 13 (Statacorp LP, Texas,
SA). The study confines with the STROBE (STrengthening the
eporting of OBservational studies in Epidemiology) checklist for
eporting of observational studies [19].

esults

tudy population

A total of 9829 AMI  patients were included in the study (Fig. 1):
04 AMI  patients with OHCA and 9425 without (4522 STEMI and
903 NSTEMI). The baseline characteristics of the three patient
roups are shown in Table 1 and 2. OHCA patients were 63.6 ± 12.5

ears of age and they were more likely to be male (n = 323; 80.0%)
ompared to STEMI (75.2%) and NSTEMI (65.0%) patients. Their car-
iovascular risk factor profile was similar to that of STEMI patients,
xcept for a higher frequency of previous myocardial infarction and
higher levels of s-creatinine upon admission (Table 1). Bystander
CPR was  initiated in 72.0% of the OHCA patients, and VF was the
first monitored rhythm in 82.0% (Table 2).

In-hospital management and mortality

A majority of OHCA patients underwent coronary angiography
(n = 353; 87.4%) and PCI (n = 273; 67.6%), although fewer than in the
STEMI cohort (Table 1). In the OHCA group, door-to-balloon times
were significantly longer, but symptom-to-balloon times shorter
compared to STEMI patients (Table 1). The frequency of multi-
vessel or left main stem disease was similar in all three groups
(Table 1). OHCA patients had a higher burden of in-hospital com-
plications compared to AMI  patients without OHCA, and assisted
mechanical ventilation and IABP were more frequently used (Sup-

plementary Table S1). Maximum troponin T levels (�g/L) were
median 3.14 (1.32, 7.59) in OHCA patients, 3.79 (1.47, 7.63) in
STEMI patients (p = 0.04) and 0.42 (0.13, 1.23) in NSTEMI patients
(p < 0.001).
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Table 2
Supplementary characteristics and pre-hospital treatment in AMI  patients with
OHCA.

OHCA, N = 404

ST-elevation in first ECG, n (%) 305 (75.5)
Witnessed out-of-hospital cardiac arrest, n (%) 400 (99.0)
Layman witnessed arrest, n (%) 294 (72.8)
Medical personnela witnessed arrest, n (%) 106 (26.2)
VF as first monitored rythm, n (%) 332 (82.0)
Bystander CPR, n (%) 315 (72.0)
Defibrillation + CPR, n (%) 335 (83.0)
Defibrillation only, n (%) 53 (12.8)
CPR  only, n (%) 15 (3.7)
Achieved ROSC, n (%) 381 (94.5)
Time from cardiac arrest to CPR, minutes* 0 (0,2)
Time from cardiac arrest to ROSC, minutes* 17 (6,31)
Time from ALS to ROSC, minutes* 10 (4,25)
Comatose at hospital admission, n (%) 264 (66.0)
Therapeutic hypothermia, n (%) 206 (53.0)
Systolic blood pressure at admission, mmHg  * 115 (95,132)
Diastolic blood pressure at admission, mmHg  * 70.5 (60,82)
Heart rate at admission, beats per minute* 80 (70,98)

ALS: Advanced life support; AMI: Acute myocardial infarction; CPR: Cardiopul-
monary resuscitation; ECG: Electrocardiogram; OHCA: Out-of-hospital cardiac
arrest; ROSC: Return of spontaneous circulation; VF: Ventricular fibrillation.
*
a

O
t
O
p
9

3

O
e
b
c
a
3

L

u
1
o
7
3

h
T

T
C

R
*
A

median (25,75th percentile).
Ambulance personnel or physician present at cardiac arrest.

Hospital survival was 275/404 (68.1%) in the total cohort of
HCA patients admitted to our hospital. None of the patients admit-

ed with ongoing CPR (n = 22) achieved ROSC. Hospital survival in
HCA patients achieving ROSC was 72.0% (275/382). Among AMI
atients without OHCA, hospital survival was 95.7% (STEMI) and
5.8% (NSTEMI) (Table 3).

0-day survival

30-day survival was 63.4%, 94.1% and 93.8% among admitted
HCA, STEMI and NSTEMI patients, respectively. A marked differ-
nce in survival was seen the first days after admission, illustrated
y the Kaplan-Meier survival curve for the first 30 days (Fig. 2a). The
rude and adjusted OR of 30-day mortality in OHCA versus STEMI
nd NSTEMI are shown in Table 4. In OHCA patients achieving ROSC,
0-day survival was 67.0% (95% CI: 62.1–71.5).

ong-term survival

Patients were followed for up to eight years (median follow-
p time 1446 days [892,2125]). Among OHCA patients, a total of
95/404 patients died. Cumulative survival from admission to end
f follow-up was 48.7% (95% CI: 43.7-54.1) in OHCA patients, and
7.6% (95% CI: 70.6–83.1) in OHCA patients surviving the first

0 days (Table 3).

Fig. 2b illustrates that OHCA patients surviving the first 30 days
ad estimated similar 8-year survival compared to STEMI patients.
he crude HR revealed a higher risk of death for OHCA than for

able 3
umulative survival in AMI  patients with and without OHCA (Life table method).

OHCA, N = 404 

Hospital survival, n (%) 275 (68.1) 

30-day  survival, % 63.4 (58.5–67.9) 

8-year  survival (admission to end of study*), % 48.7 (43.1–54.1) 

8-year  survival (day 30 to end of study*), % 77.6 (70.6–83.1) 

esults are given as percentage with 95% confidence interval.
Median follow-up time: 1446 days (25,75th percentile: 892,2125).
MI: Acute myocardial infarction; OHCA: Out-of-hospital cardiac arrest; STEMI: ST-segm
tation 122 (2018) 41–47

STEMI patients during follow-up, but after multivariate adjust-
ment, there was no significant difference in risk (Table 4). OHCA
patients surviving the first 30 days, had better estimated 8-year
survival compared to NSTEMI patients (Fig. 2b), and the crude HR
indicated a lower risk during follow-up. This was  attenuated after
adjustment for age and other confounders, showing a similar risk
for OHCA and NSTEMI patients for up to eight years (Table 4). Thus,
AMI  patients with OHCA surviving the first 30 days, had similar
chance of long-term survival during eight years of follow-up, com-
pared with STEMI and NSTEMI patients without OHCA.

Discussion

In this large study of 9829 AMI  patients, we  found a lower 30-day
survival in OHCA patients compared to STEMI and NSTEMI patients.
However, after a maximum follow-up time of eight years, almost
half of the admitted OHCA patients were still alive. Interestingly, in
those patients surviving the first 30 days, no significant difference
in long-term risk was  found between AMI  patients with and with-
out OHCA, after adjustment for age and other confounders. Among
OHCA patients surviving the first 30 days, the 8-year survival rate
was as high as 77.6%.

The higher short-term mortality in OHCA patients was mainly
due to early deaths occurring the first 4–5 days after admission, and
this is in accordance with previous studies on STEMI patients with
and without OHCA [6,10,20,21]. However, a 30-day survival rate of
63.4% in unselected AMI  patients with OHCA is higher than in most
previous reports of short-term survival in OHCA without obvious
non-cardiac origin [6,7,12,22,23]. Our OHCA patient group was het-
erogeneous, with a high proportion of patients being awake upon
hospital admission. On the other hand, 22 patients had ongoing CPR
never achieving ROSC, and died shortly after admission. All patients
were aggressively treated with high rates of coronary angiography
and PCI, previously shown to be associated with improved outcome
[7,23], as well as good quality post-ROSC care [16,24–26].

The 8-year survival rate of nearly 80% in OHCA patients who  sur-
vived until 30 days after admission is similar to results from Sideris
et al. reporting a 5-year survival rate from discharge of 82% [8].
Other reports of long-term survival in OHCA patients of presumed
cardiac origin is varying, with 5-year survival after discharge of
41% [27], 64% [28] and 84% [7], and 10-year survival after disharge
of 46% [29]. Another study reported 10-year survival from admis-
sion of 12–38% depending on whether coronary angiography and
PCI were performed or not [12]. A comparison of survival between
studies is not straightforward due to different aetiologies, inclu-
sion criteria and treatment strategies for OHCA patients. However,
the good long-term prognosis of OHCA patients who  survived until
30 days in our study is promising. Our follow-up time was longer
than in most other studies, increasing the accuracy of the results.
Previous studies have reported a similar prognosis after dis-
charge for STEMI patients with and without OHCA; but in most
of these studies patients were highly selected [10,20,21]. To our
knowledge, we  are the first to compare survival in unselected AMI

No OHCA

STEMI, N = 4522 NSTEMI, N = 4903

4328 (95.7) 4698 (95.8)
94.1 (93.3–94.7) 93.8 (93.0–94.4)
73.5 (71.2–75.6) 57.3 (55.0–59.4)
77.7 (75.2–80.0) 60.7 (58.3–63.1)

ent elevation myocardial infarction; NSTEMI: Non-STEMI; CI: Confidence interval.
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Fig. 2. Short- and long-term survival.
2a. Kaplan-Meier curve for 30-day survival.
2b.  Kaplan-Meier curve with landmark analysis: Long-term survival among patients surviving the first 30 days.
AMI:  Acute myocardial infarction; OHCA: out-of-hospital cardiac arrest; STEMI: ST-elevation myocardial infarction (no OHCA); NSTEMI: Non-STEMI (no OHCA). Median
follow-up: 1446 days (25,75th percentile: 892,2125).

Table 4
Risk of 30-day mortality and long-term mortality after 30 days.

OHCA vs STEMI p-value OHCA vs NSTEMI p-value
30-day mortality:

Crude OR (95% CI) 9.18 (7.24–11.6) <0.001 8.60 (6.81–10.9) <0.001
Model  1: Age-adjusted OR (95% CI) 12.4 (9.53–16.2) <0.001 19.4 (14.6–25.8) <0.001
Model  2: Multivariatea adjusted OR (95% CI) 10.6 (7.87–14.4) <0.001 18.2 (13.1–25.1) <0.001

Landmark analysis: Mortality from day 30 to end of study*:
Crude HR (95% CI) 1.45 (1.08–1.95) 0.01 0.62 (0.47–0.83) 0.001
Model 1: Age-adjusted HR (95% CI) 1.78 (1.32–2.40) <0.001 1.12 (0.83–1.50) 0.46
Model 2: Multivariateb adjusted HR (95% CI) 1.15 (0.82–1.60) 0.42 0.89 (0.64–1.24) 0.50

AMI: Acute myocardial infarction; OHCA: Out-of-hospital cardiac arrest; STEMI: ST-elevation myocardial infarction; NSTEMI: Non-STEMI; OR: Odds ratio; HR: Hazard ratio;
CI:  Confidence interval.
*Median follow-up: 1446 days (25,75th percentile: 892,2125).
aAge, female gender, previous hypertension, diabetes mellitus, previous stroke, previous myocardial infarction, s-creatinine (mmol/l) at admission.
bAll factors in a + Max  troponin T (�g/l), coronary angiography, percutaneous coronary intervention, cardiogenic shock, heart failure, atrial fibrillation/flutter, intraaortic
balloon pump.
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atients with OHCA, with survival in NSTEMI and STEMI patients.
n OHCA patients surviving the first 30 days, the unadjusted long-
erm risk of death was lower than for NSTEMI, but higher than for
TEMI. After adjustment for age and other confounders, the long-
erm risk was not significantly different for OHCA compared to
either STEMI nor NSTEMI patients. NSTEMI patients were older
nd had more co-morbidities compared to OHCA patients, and
he higher unadjusted risk of death after 30 days could partly be
xplained by these differences. Age and several comorbities were
imilar for OHCA and STEMI patients, except for a higher frequency
f previous myocardial infarction and higher levels of s-creatinine
pon admission, probably contributing to the higher unadjusted
isk in OHCA compared to STEMI patients. The lower rates of coro-
ary angiography in NSTEMI compared to STEMI patients reflect
he guideline-recommended management during the study period,
aking into account risk stratification and comorbidities before
electing an invasive strategy in NSTEMI patients [30]. Also in OHCA
atients, acute coronary angiography was not performed routinely

n all patients, due to lack of consensus on the use of this proce-
ure if absent ST-segment elevation in the post-ROSC ECG [16]. The
etween-group differences in use of coronary angiography and PCI
ere adjusted for in the regression analyses estimating long-term

isk in patients alive after 30 days. Our results should encourage fur-
her optimalisation of pre-hospital treatment and post-ROSC care
f AMI  patients with OHCA, not only due to the promising long-term
esults but also to try to improve short-term prognosis.

The strengths of the present study are a complete long-term
ollow-up of a high number of unselected AMI  patients, with
etailed description of risk factors and treatment, as well as esti-
ates of long-term survival in AMI  patients with and without
HCA. There were few missing values in the clinical variables,
nsuring a detailed description of the study population and a lower
robability of overestimating risk. The main limitation of the study
as the observational nature so that effect of interventions and

reatment could not be determined. We  did not register clini-
al factors such as heart rate, blood pressure and medication at
dmission, nor left ventricular ejection fraction, which could be
ossible confounders in estimating risk. Furthermore, we  did not
ave information about post-discharge treatment, such as medi-
ations, implantable cardioverter defibrillators or quality of life in
he surviving patients. Variables with >10% missing values were
ot included in the regression analyses. Whether these or unmea-
ured variables contributed to confounding in the estimated HR for
HCA patients compared to STEMI and NSTEMI remains unknown.
eported median times from cardiac arrest to initiation of CPR,
dvanced life support and to achievement of ROSC, are somewhat
ncertain due to many missing values. Finally, our study was con-
ucted in a single centre with a 24/7 PCI service and an established
ost-resuscitation protocol, and the results are not necessarily gen-
ralizable to all AMI  patients with OHCA. Although the majority of
TEMI and resuscitated OHCA patients in the region are normally
dmitted to our hospital, we lack information about those AMI
atients not being admitted. Future studies can reveal whether our
esults are reproducible for patients treated in other cardiac cen-
res with 24/7 coronary angiography/PCI service and standardised
ost-resuscitation care.

onclusion

Long-term survival in AMI  patients with OHCA was  good with

9% of patients being alive after eight years of follow-up. Although
hort-term mortality remained high in AMI  patients with OHCA,
atients surviving the first 30 days had similar chance of survival
uring eight years of follow-up as AMI  patients without OHCA.
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