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Abstract Purpose: We aimed to
evaluate post-resuscitation care,
implementation of therapeutic hypothermia (TH) and outcomes of
intensive care unit (ICU)-treated outof-hospital cardiac arrest (OHCA)
patients in Finland. Methods: We
included all adult OHCA patients
admitted to 21 ICUs in Finland from
March 1, 2010 to February 28, 2011 in
this prospective observational study.
Patients were followed (mortality and
neurological outcome evaluated by
Cerebral Performance Categories,
CPC) within 1 year after cardiac
arrest. Results: This study included
548 patients treated after OHCA. Of
those, 311 patients (56.8 %) had a
shockable initial rhythm (incidence of
7.4/100,000/year) and 237 patients
(43.2 %) had a non-shockable rhythm
(incidence of 5.6/100,000/year). At
ICU admission, 504 (92 %) patients
were unconscious. TH was given to
241/281 (85.8 %) unconscious
patients resuscitated from shockable
rhythms, with unfavourable 1-year
neurological outcome (CPC 3–4–5) in
42.0 % with TH versus 77.5 % without TH (p \ 0.001). TH was given to
70/223 (31.4 %) unconscious patients
resuscitated from non-shockable
rhythms, with 1-year CPC of 3–4–5 in
80.6 % (54/70) with TH versus
84.0 % (126/153) without TH
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(p = 0.56). This lack of difference
remained after adjustment for propensity to receive TH in patients with
non-shockable rhythms. Conclusions: One-year unfavourable
neurological outcome of patients with

Keywords Out-of-hospital
shockable rhythms after TH was
cardiac arrest  Therapeutic
lower than in previous randomized
controlled trials. However, our results hypothermia  Mortality  Outcome
do not support use of TH in patients
with non-shockable rhythms.

Introduction

Patients, sample size and treatment

The study protocol was approved by the Ethics Committee of each participating hospital. Inclusion criteria for
the study were: (1) OHCA, (2) successful resuscitation,
(3) age over 18 years and (4) post-resuscitation care in
one of the participating ICUs.
Based on the national FICC database, there are 17,000
ICU admissions including approximately 800 cardiac
arrest patients per year. We estimated that, of those 800
patients, 600 would be OHCA patients, which would
provide an adequate sample size for a precise [95 %
confidence interval (CI) ±1/100,000] assessment of the
population-based incidence of OHCA, and comparison
between incidences of OHCA with shockable and nonshockable rhythms. With this sample size, we assumed to
include 300 OHCA-VF patients treated with TH. The
proportions of OHCA patients with non-shockable rhythm
treated and not treated with TH were not possible to
predict. Thus, a study period of 1 year was set, from
March 1, 2010 to February 28, 2011.
In this observational prospective study no recommendations for treatment of post-resuscitation syndrome
[13, 14] and post-resuscitation care were given. National
and European Resuscitation Councils (ERC) guidelines of
post-resuscitation care [15, 16], national handbook of
intensive care [17] and local ICUs’ standard operational
protocols were used according to the decisions by the
treating physicians. According to the Finnish intensive
care handbook [17], TH is indicated only if: (1) cardiac
arrest is witnessed, (2) initial rhythm is VF or VT and (3)
patient is unconscious at hospital or ICU admission.
Recent Scandinavian [10] and also the latest guidelines of
the ERC 2010 [3] have recommended that TH should be
considered also for patients from non-shockable rhythms
if active treatment is chosen in the ICU.
Methods
Techniques of induction or maintenance of TH were
Participating ICUs
not restricted. The majority of Finnish ICUs use endovascular cooling devices. We collected reasons if TH was
All 22 Finnish ICUs treating OHCA patients were asked not used in patients resuscitated from shockable rhythms.
to participate in this study. In total 21, all five university
hospitals with 7 ICUs, and 14 out of 15 central hospital
ICUs consented to participate in this study. Approxi- Data collection
mately 98 % of the Finnish adult population (4.3 million
www.stat.fi) live in the referral areas of these ICUs. All We collected data of study patients prospectively by using
these ICUs belong to the Finnish Intensive Care Con- Internet-based case report forms (CRFs). We obtained
sortium (FICC).
pre-existing diagnoses of diabetes, coronary artery

Therapeutic hypothermia (TH) has been shown to
improve outcome of patients resuscitated from out-ofhospital cardiac arrest (OHCA) caused by ventricular
fibrillation (VF) or pulseless ventricular tachycardia (VT)
[1, 2]. Thus, TH is the main therapeutic intervention of
post-resuscitation care, with a strong recommendation
based on evidence in OHCA patients resuscitated from
VF/VT [3]. Previous retrospective studies have reported
large variations in the degree of implementation of TH
[4–7]. In Finland the degree of implementation of TH was
28 % in 2006 in all cardiac arrest patients, and 33 % in
OHCA patients treated in ICU [6].
To date, no randomized controlled trials (RCT) on TH
in patients resuscitated from non-shockable rhythms are
available, and thus its possible effects on outcome are not
known [8, 9]. Regardless of insufficient evidence, TH has
been recommended for all OHCA patients chosen for
active intensive care [3, 10]. However, neither the clinical
implementation of this recommendation, nor the outcome
of these patients treated with TH is known. Furthermore,
as the incidence of out-of-hospital ventricular fibrillation
(VF) has been decreasing during the past years also in
Finland [11, 12], the use of TH in patients resuscitated
from non-shockable rhythms may have increased.
Accordingly, in this nationwide prospective cohort
study we aimed to evaluate post-resuscitation care, the
use and implementation of TH and outcome of all adult
OHCA patients admitted to Finnish intensive care units
(ICUs). Our secondary aim was to determine the population-based incidence of OHCA.

828

disease, hypertension, pacemaker, previous coronary artery
bypass surgery (CABG), chronic heart failure or renal
failure from the patients’ medical history. The aetiology of
CA was determined according to Utstein criteria [18]. The
FICC database was used for data collection and follow-up,
including demographic data, haemodynamic data, Simplified Acute Physiology Score (SAPS) II, Acute Physiology
and Chronic Health Evaluation (APACHE) II score,
Therapeutic Intervention Scoring System (TISS) points,
length of stay (LOS) in ICU and hospital mortality. Ninetyday mortality was collected from Statistics Finland. One
specialist in neurology (M.T.) was blinded to treatment in
ICU and aetiology of CA before she contacted alive
patients by phone 1 year after cardiac arrest and used a
structured interview to determine neurological outcome
according to Pittsburgh Cerebral Performance Categories
(CPC) [19]. Good neurological outcome was defined as
CPC 1–2, and poor neurological outcome as CPC 3–4–5.
A comprehensive list of data acquired from the FICC
database and the CRF are presented as Electronic Supplementary Material (ESM) (Appendix 1).

or pulseless electrical activity (PEA)], time to return of
spontaneous circulation (ROSC), witnessed cardiac arrest
(yes/no), bystander cardiopulmonary resuscitation (CPR)
(yes/no) and inclusion site as variables in the backwards
logistic regression analysis to evaluate independent factors predicting TH. We calculated a propensity score for
TH for each patient and then categorized the patients into
five groups according to the probability of TH. Thereafter,
we performed a backwards logistic regression analysis to
scrutinize independent factors associated with unfavourable outcome (CPC 3–4–5). We included the propensity
score for TH, all the same pre-hospital variables as in a
previous analysis for propensity score, APACHE II and
use of TH in the analysis.
We considered p value \0.05 as significant and used
SPSS 19.0 (SPSS Inc., Chicago, IL) for all statistical
analysis.

Results
Study patients and incidence of OHCA

Incidence calculation
We used patient logs of each ICU to crosscheck the
number of patients, to separate OHCA patients from inhospital cardiac arrest patients and to combine data of
patients treated in more than one ICU during the same
hospitalization. The number of the adult population
(C18 years), 4,290,980 at the end of year 2010, was
obtained from Statistics Finland. The adult population of
the hospital district of one non-participating ICU was
excluded from the whole Finnish adult population. The
total reference population for the incidence calculations
was 4,205,407 at 31/12/2010.
Statistical analysis
We present continuous data as median values with
interquartile ranges (IQR, 25–75 %) and categorical data
as numbers and percentages. We compared groups using
non-parametric Mann–Whitney U test for continuous data
and Fisher’s exact test for proportions, when applicable.
Patients who were awake at ICU admission were included
in incidence calculations but excluded from further mortality analysis, as TH was not considered as treatment for
non-comatose patients after OHCA.
First, we calculated the unadjusted risk ratio differences (RD) for favourable outcome (CPC 1–2) for both
shockable and non-shockable groups according to the use
of TH. Second, we performed an additional propensity
analysis in patients with non-shockable rhythms to compare those treated with and without TH. We included age,
coronary artery disease (yes/no), initial rhythm [asystole

During the 1-year study period there were 17,540
admissions to the participating ICUs, among which cardiac arrest was recorded as the cause for ICU admission
829 (4.7 %) times. Of those 829 admissions, 572 (69.0 %)
were OHCA patients. The final analysis comprised 504
unconscious adult OHCA patients (Fig. 1). The population-based incidence of OHCA treated in ICU was
13/100,000/year. A total of 311 patients (56.8 %) had a
shockable initial rhythm (VF/VT), with incidence of 7.4/
100,000/year. A total of 237 (43.2 %) patients presented
with non-shockable rhythms (asystole or PEA), corresponding to incidence of 5.6/100,000/year. Initial rhythms
and use of TH are shown in Fig. 1. Across participating
hospitals, use of TH varied between 36 and 100 % of all
unconscious OHCA patients (between 60 and 100 % with
OHCA-VF) and hospital mortality varied between 18 and
71 % for individual ICUs. We found no correlation
between the number of treated patients in ICU and hospital mortality.

Demographic, treatment and outcome data
Of 548 OHCA patients, 504 (92.0 %) were unconscious at
ICU admission. These patients were included in final
outcome analysis. The demographic, treatment and outcome data of all patients are summarized in Table 1, for
patients with shockable rhythm in Table 2 and with nonshockable rhythm in Table 3. The length of stay (LOS) in
the ICU was significantly longer in the TH group than in
the non-TH group, for both shockable and non-shockable
rhythms (3.2 versus 1.5 days, p \ 0.001; Tables 2, 3).
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Implementation of hypothermia
TH was induced in 311 unconscious patients, 241/281
(85.8 %) patients resuscitated from shockable rhythms
(VF/VT) and 70/223 (31.4 %) patients from non-shockable rhythms (asystole/PEA). Hypothermia induction and
maintenance was conducted with endovascular cooling
devices in 247 (79.4 %) and surface cooling devices in 58
(18.6 %) cases. Five patients were cooled with other
surface cooling methods and one patient with only icecold intravenous fluids. Ice-cold intravenous fluids were
also used in 50 (16.1 %) patients as a start of induction in
the pre-hospital setting or as an additional method to
cooling devices. The target temperature was set to 33 °C
in 300 (97 %) patients, and temperature of 32–34 °C was
achieved in 111 (70–180) min from the start of hypothermia induction. The time for targeted temperature
maintenance was 24 h in 231 (74.3 %) patients (range
0–47 h). The median (IQR) rewarming time from hypothermia to normal temperature was 9 (6–12) h.
Forty unconscious patients resuscitated from shockable rhythms (VF/VT) were treated without TH. Reasons
for withholding TH are listed in the ESM (Table 4).
Outcome of unconscious patients with shockable
rhythms (VF or VT)
Of 281 patients, 131 (46.6 %) had unfavourable neurological outcome (CPC 3–4–5) at 1 year (100 of 241 in TH
and 31 of 40 in non-TH). The risk difference in unfavourable neurologic outcome (CPC 3–4–5) at 1 year was
-35 % [95 % CI -50 to -21 %] (risk: 100 of 238 with
TH versus 31 of 40 without TH).
Outcome of unconscious patients with non-shockable
rhythms (asystole or PEA)
Of 223 patients, 180 (80.7 %) had unfavourable neurological outcome (CPC 3–4–5) at 1 year (54 of 70 in TH
and 126 of 153 in non-TH). The unadjusted risk difference in unfavourable neurologic outcome (CPC 3–4–5) at
1 year was 54 of 67 with TH versus 126 of 150 without
TH: difference -3 % [95 % CI -15 to ?8 %]. Outcome
data of all unconscious patients are shown in Fig. 2.
On backwards logistic regression analysis, unknown
initial rhythm (p = 0.04) and absence of bystander CPR
(p = 0.04) were the only variables negatively associated
with use of TH. A propensity score adjusted mortality
analysis revealed no difference in unfavourable neurological outcome (CPC 3–4–5) at 12 months in patients with
non-shockable rhythms with or without TH [p = 0.819,
odds ratio (OR) 1.16, 95 % CI 0.326–4.121]. On backwards logistic regression analysis, only higher APACHE II
score (p = 0.002) and higher age (p = 0.008), but not site

(p = 0.343), use of TH (p = 0.516), time to ROSC
(p = 0.779), witnessed arrest (p = 0.332) or bystander
CPR (p = 0.512), were independently associated with
unfavourable CPC 3–4–5. ICU LOS and time of mechanical ventilation were both longer in patients treated with
TH (p \ 0.001).

Discussion
In this nationwide prospective cohort study we found that
TH for OHCA patients resuscitated from VF/VT is well
implemented in Finland. The neurological outcome at
1 year of TH-treated OHCA patients with shockable
rhythm (58 % CPC 1–2) was equal to or better than in
most previous studies [1, 2, 9, 20–22].
The overall incidence for OHCA has been reported to
be 37/100,000/year in Europe [23]. The incidence of
shockable rhythms (VF/VT) has been lower than nonshockable (asystole/PEA) rhythms in previous OHCA
studies [11, 12, 23–25]. There is a large variation in the
incidence of resuscitation attempts and successfully
resuscitated OHCA patients between European countries,
mainly because of differently structured emergency
medical service (EMS) systems and different ways of
reporting cardiac arrests [23, 26]. The population-based
incidence of ICU-treated OHCA has not been calculated
in previous studies. We found that the incidence of ICUtreated OHCA was 13/100,000/year in Finland. However,
in the present study the incidence of ICU-treated patients
with shockable rhythms (VF/VT) was 7.4/100,000/year
and higher than that of non-shockable rhythms (asystole/
PEA).
Hospital mortality of comatose OHCA patients
resuscitated from shockable rhythms was 34 %, which
was comparable to previous studies [21, 27, 28]. The
majority (53 %) of these patients achieved good neurological recovery at 1 year (CPC 1–2). A high proportion
(86 %) of unconscious patients in this OHCA group were
treated with TH, and decisions to withhold TH were based
on clinical grounds according to the current guidelines.
This patient selection probably has a beneficial effect on
outcome, and it may be one reason for the lower hospital
mortality (28.6 %) in TH-treated patients with shockable
rhythms compared with previous studies [1, 2, 9, 22].
Overall, TH is well implemented in post-resuscitation
care in Finland [29].
Unexpectedly, TH was used in one-third of OHCA
patients resuscitated from non-shockable rhythms. This is
in disagreement with the national guidelines [30] but in
broad agreement with the current international guidelines
[3, 10]. Some Finnish intensivists had already decided to
follow the most recent international guidelines, and thus
they treated all OHCA patients admitted to ICU with TH,
while most clinicians followed the previous guidelines
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Fig. 1 Flowchart of the study
patients admitted to intensive
care unit (ICU) after out-ofhospital cardiac arrest (OHCA)

17 540 admissions in ICU

829 cardiac arrest admissions
257 in hospital cardiac
arrest
572 OHCA admissions
· 6 < 18 years of age
· 18 duplicate ICU
treatments combined

548 OHCA patients

44 awake patients excluded, (30
shockable, 14 non-shockable)

504 unconscious OHCA patients

281 shockable rhythms

223 non-shockable rhythms

275 VF

6 VT

108 ASY

110 PEA

237
VF,TH

4 TH

45 TH

25 TH

5 Unknown

VF, ventricular fibrillation; VT, ventricular tachycardia; ASY, asystole; PEA, pulseless electrical activity; TH, therapeutic hypothermia

and treated only OHCA patients with shockable rhythms
with TH.
Although the hospital mortality and long-term survival
of asystole or PEA patients are clearly worse than VF/VT
patients, substantial proportions of these patients survive
[31]. In this study almost a third of the patients survived
to hospital discharge, and after 1 year 17 % achieved
good neurological outcome (CPC 1–2). TH is a postreperfusion intervention that might still improve neurological recovery in this patient group. It is irrelevant for
the brain whether ischaemia and reperfusion result from a
shockable or non-shockable rhythm. Ischaemic brain
damage starts in a few minutes after cardiac arrest, and
early started CPR is beneficial to outcome [32, 33]. Nonshockable rhythms often result from different and often

serious clinical reasons. However, some patients develop
asystole or PEA also after deterioration of VF over time.
Obviously, patients with non-shockable initial rhythms
represent a different patient population than patients with
shockable rhythms. No RCT has focussed on this patient
population, and therefore evidence of effect of TH in nonshockable rhythms in terms of better survival and better
neurological performance is lacking.
We found no benefit of therapeutic hypothermia for
the patients with non-shockable rhythms in crude or
propensity-score-adjusted analyses, parallel to other
cohort studies [9, 34, 35]. The recent study by Lundbye
and colleagues [36] suggesting a benefit of TH in non-VF
patients was retrospective and included also in-hospital
cardiac arrests. Our results are in agreement with two
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Table 1 Demographic, treatment and outcome data of unconscious out-of-hospital cardiac arrest (OHCA) patients divided by shockable
and non-shockable rhythms

Patient characteristics
Age, median (IQR), years
Male, n (%)
Hypertension, n (%)
Coronary artery disease, n (%)
Diabetes, n (%)
Heart failure, n (%)
Chronic renal failure, n (%)
SAPS II, 24 h median (IQR)
APACHE II, median (IQR)
SMR (original SAPS II based)
Resuscitation
Bystander CPR, n (%)
Witnessed cardiac arrest, n (%)
Time to ROSC, median (IQR), min
Aetiology of cardiac arrest
Cardiac, n (%)
Anoxia or drowning, n (%)
Intoxication, n (%)
Other reason, n (%)
Unknown, n (%)
Treatment during ICU stay
Coronary angiography, n (%)
PCI, n (%)
CABG, n (%)
Renal replacement therapy, n (%)
Therapeutic hypothermia, n (%)
Time to target temperature, median (IQR), min
Infection
Aspiration, n (%)
Pneumonia, n (%)
Sepsis, n (%)
Outcome
Mechanical ventilation, median (IQR), h
ICU LOS, median (IQR), days
ICU mortality, n (%)
Hospital mortality, n (%)
90-Day mortality, n (%)
1-Year CPC 1–2, n (%)a
1-Year CPC 3–4–5, n (%)a

All OHCA
patients
(n = 504)

Patients with shockable
rhythm (VF/VT)
(n = 281)

Patients with
non-shockable
rhythm (ASY/PEA)
(n = 223)

p-Value#

63 (54–72)
380 (75.4)
206 (40.9)
146 (29.0)
106 (21.0)
70 (13.9)
14 (2.8)
59 (44–69)
29 (23–34)
0.85

63 (56–71)
230 (81.9)
124 (44.1)
98 (34.9)
54 (19.2)
42 (14.9)
6 (2.1)
58 (42–66)
28 (21–32)
0.67

62 (52–72)
150 (67.3)
82 (36.8)
48 (21.5)
52 (23.3)
28 (12.6)
8 (3.6)
63 (56–75)
33 (28–38)
1.02

0.43
\0.001
0.10
\0.001
0.27
0.52
0.42
\0.001
\0.001

273 (54.2)
448 (88.9)
20 (15–28)

179 (63.7)
260 (92.5)
20 (15–28)

94 (42.2)
188 (84.3)
20 (14–29)

\0.001
0.004
0.77

334
73
16
26
55

(66.3)
(14.5)
(3.2)
(4.4)
(10.9)

259
3
1
7
11

(92.2)
(1.1)
(0.4)
(2.6)
(3.9)

70
36
4
9
311
111

(13.9)
(7.1)
(0.8)
(1.8)
(61.7)
(70–180)

61
32
2
3
241
110

(21.7)
(11.4)
(0.7)
(1.1)
(85.8)
(70–180)

120 (23.8)
179 (35.5)
32 (6.3)

71 (25.3)
107 (38.1)
14 (5.0)

43
2.8
115
244
274
184
311

49
3.0
35
95
107
147
131

(22–69)
(1.6–4.5)
(22.8)
(48.4)
(54.4)
(37.2)
(62.8)

(39–78)
(2.1–5.0)
(12.5)
(33.8)
(38.1)
(52.9)
(47.1)

75
70
15
19
44
9
4
2
6
70
120

(33.6)
(31.4)
(6.7)
(8.4)
(19.7)

\0.001
\0.001

(4.0)
(1.8)
(0.9)
(2.7)
(31.4)
(62–170)

\0.001
\0.001
1.00
0.19
\0.001
0.47

49 (22.0)
72 (32.3)
18 (8.1)
36
2.0
80
149
167
37
180

(15–68)
(0.9–3.8)
(35.9)
(66.8)
(74.9)
(17.1)
(82.9)

0.40
0.19
0.20
\0.001
\0.001
\0.001
\0.001
\0.001
\0.001
\0.001

VF ventricular fibrillation, VT ventricular tachycardia, ASY asys- coronary artery bypass surgery, LOS length of stay, CPC Cerebral
tole, PEA pulseless electrical activity, IQR interquartile range, Performance Categories
SAPS Simplified Acute Physiology Score, APACHE Acute Physi- # Comparisons between the VF/VT and ASY/PEA groups
ology and Chronic Health Evaluation, SMR standardized mortality a Neurological outcome (CPC) missing in 9 (1.8 %) patients (3 VF/
ratio, CPR cardiopulmonary resuscitation, ROSC return of sponta- VT, 6 ASY/PEA)
neous circulation, PCI percutaneous coronary intervention, CABG

recent studies [9, 37] concluding no benefit of TH in nonVF patients and a meta-analysis [38] concluding that TH
is not associated with a significant difference in neurological outcome. Factors such as time to ROSC and
bystander CPR seem to be more important among survivors from non-shockable rhythms than TH [39, 40]. In
this study we found that only APACHE II and age were
associated with unfavourable neurological outcome at
12 months in these patients. Our study does not support

use of TH in patients resuscitated from non-shockable
rhythms, because use of TH significantly increased ICU
LOS and, therefore, overall costs of ICU/hospital treatment without any detected outcome benefit. Thus, an
adequately powered RCT focussing on these patients is
needed to scrutinize the possible benefit before wider use
of TH in these patients.
In this study the number of OHCA patients treated in
different ICUs varied from 2 to 74 patients/year.
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Table 2 Demographic, treatment and outcome data of unconscious VF/VT OHCA patients (n = 281)

Patient characteristics
Age, median (IQR), years
Gender male, n (%)
Hypertension, n (%)
Coronary artery disease, n (%)
Diabetes, n (%)
Chronic heart failure, n (%)
Chronic renal failure, n (%)
SAPS II, 24 h median (IQR)
APACHE II, median (IQR)
SMR (original SAPS II based)
Cardiopulmonary resuscitation
Bystander CPR, n (%)
Witnessed cardiac arrest, n (%)
Time to ROSC, median (IQR), min
Aetiology, n (%)
Cardiac
Anoxia or drowning
Intoxication
Hypothermia
Other reason
Unknown
Treatment during ICU stay
Coronary angiography, n (%)
PCI, n (%)
CABG, n (%)
Renal replacement therapy, n (%)
Infection
Aspiration, n (%)
Pneumonia, n (%)
Sepsis, n (%)
Outcome
Mechanical ventilation (h)
Length of stay in ICU (days)
1-Year CPC 1–2, n (%)a
1-Year CPC 3–4–5, n (%)a

Patients treated with
TH (n = 241)

Patients treated without
TH (n = 40)

p-Value

62 (56–69)
202 (83.8)
106 (44.0)
74 (30.7)
47 (19.5)
32 (13.3)
2 (0.8)
57 (40–66)
28 (21–32)
0.59

74 (64–80)
28 (70.0)
18 (45.0)
24 (60.0)
7 (17.5)
10 (25.0)
4 (10.0)
63 (51–76)
28 (24–35)
1.05

\0.001
0.046
1.00
0.001
1.000
0.09
0.004
0.003
0.11

162 (67.2)
223 (92.5)
21 (15–28)

17 (42.5)
37 (92.5)
20 (10–30)

0.004
1.00
0.18

227
1
1
0
2
10

(94.2)
(0.4)
(0.4)
(0.0)
(0.8)
(4.1)

32
2
0
3
0
3

(80.0)
(5.0)
(0.0)
(7.5)
(0.0)
(7.5)

0.002

57
31
2
3

(23.7)
(12.9)
(0.8)
(1.2)

4
1
0
0

(10.0)
(2.5)
(0.0)
(0.0)

0.06
0.06
1.00
1.00

66 (27.4)
103 (42.7)
14 (5.8)
52
3.3
138
100

(42–87)
(2.4–5.8)
(58.0)
(42.0)

5 (12.5)
4 (10.0)
0 (0.0)
21
1.2
9
31

(10–27)
(0.8–1.9)
(22.5)
(77.5)

0.05
\0.001
0.23
\0.001
\0.001
\0.001
\0.001

VF ventricular fibrillation, VT ventricular tachycardia, OHCA out- return of spontaneous circulation, ICU intensive care unit, PCI
of-hospital cardiac arrest, TH therapeutic hypothermia, IQR inter- percutaneous coronary intervention, CABG coronary artery bypass
quartile range, SAPS Simplified Acute Physiology Score, APACHE surgery, CPC Cerebral Performance Categories
Acute Physiology and Chronic Health Evaluation, SMR standard- a Neurological outcome (CPC) missing in 3 (1.1 %) patients (TH)
ized mortality ratio, CPR cardiopulmonary resuscitation, ROSC

Similarly, the use of TH varied between 2 and 70 patients,
corresponding to 32–100 % of all OHCA patients in each
ICU. Hospital mortality varied between 18 and 71 % for
individual ICUs. Of note, we found no correlation
between ICU size or number of treated patients, and
neurological outcome. Large variation of mortality and
use of TH may be explained by differences in distances to
hospital, patient selection and ICU resources across Finland. The decreasing incidence of VF [11] may
paradoxically have increased the use of available TH in
patients with non-shockable rhythms and diminished the
number of patients with shockable rhythms.
To the best of our knowledge this study is the
largest prospective multicentre cohort study in patients

resuscitated from OHCA and treated with TH. Neurological outcome results were even better than in
randomized controlled trials for VF/VT patients. However, there are some important limitations to our study.
First, we cannot rule out that some patients who were
successfully resuscitated were not treated in the ICUs.
However, we performed a systematic follow-up in two
university hospital areas covering approximately 40 % of
the Finnish population. Based on these additional data
from these two geographical jurisdictions, and the 98 %
coverage of Finnish ICUs in the study, we consider our
population representative. Second, due to the observational design, the use of TH in non-shockable patients was
decided by the treating physician and not by

833

Table 3 Demographic, treatment and outcome data of unconscious OHCA patients with non-shockable rhythms (n = 223)

Patient characteristics
Age, median (IQR), years
Gender male, n (%)
Hypertension, n (%)
Coronary artery disease, n (%)
Diabetes, n (%)
Chronic heart failure, n (%)
Chronic renal failure, n (%)
SAPS II, median (IQR)
APACHE II, median (IQR)
SMR (original SAPS II based)
Cardiopulmonary resuscitation
Bystander CPR, n (%)
Witnessed cardiac arrest, n (%)
Time to ROSC, median (IQR), min
Aetiology, n (%)
Cardiac
Anoxia
Drowning
Intoxication
Hypothermia
Trauma
Other reason
Unknown
Treatment during ICU stay
Coronary angiography, n (%)
PCI, n (%)
CABG, n (%)
Renal replacement therapy, n (%)
Infection
Aspiration, n (%)
Pneumonia, n (%)
Sepsis, n (%)
Outcome
Mechanical ventilation (h)
Length of stay in ICU (days)
1-Year CPC 1–2, n (%)a
1-Year CPC 3–4–5, n (%)a

Patients treated with TH
(n = 70)

Patients treated without TH
(n = 153)

p-Value

62 (49–70)
53 (75.7)
33 (47.1)
14 (20.0)
16 (22.9)
8 (11.4)
0 (0.0)
67 (58–78)
34 (30–39)
0.92

63 (52–75)
97 (63.4)
49 (32.0)
34 (22.2)
36 (23.5)
20 (13.1)
8 (5.2)
62 (55–74)
32 (27–37)
1.07

0.22
0.09
0.04
0.86
1.00
0.83
0.06
0.11
0.06

36 (51.4)
59 (84.3)
25 (19–30)

58 (37.9)
129 (84.3)
20 (11–27)

0.08
1.00
0.001

30
18
6
7
0
0
0
9

(42.9)
(25.7)
(8.6)
(10.0)
(0.0)
(0.0)
(0.0)
(12.9)

45
41
5
8
2
3
11
38

(29.4)
(26.8)
(3.3)
(5.2)
(1.3)
(2.0)
(7.2)
(24.9)

0.05

3
2
1
1

(4.3)
(2.9)
(1.4)
(1.4)

6
2
1
5

(3.9)
(1.3)
(0.7)
(3.3)

1.00
0.59
0.53
0.67

19 (27.1)
29 (41.4)
8 (11.4)
62
3.1
13
54

30 (19.6)
43 (28.1)
10 (6.5)

(41–87)
(2.0–4.8)
(19.4)
(80.6)

23
1.5
24
126

0.23
0.06
0.23
\0.001
\0.001
0.56
0.56

(11–48)
(0.7–3.1)
(16.0)
(84.0)

OHCA out-of-hospital cardiac arrest, TH therapeutic hypothermia, PCI percutaneous coronary intervention, CABG coronary artery
IQR interquartile range, SAPS Simplified Acute Physiology Score, bypass surgery, CPC Cerebral Performance Categories
APACHE Acute Physiology and Chronic Health Evaluation, SMR a Neurological outcome (CPC) missing in 6 (2.7 %) patients (3
standardized mortality ratio, CPR cardiopulmonary resuscitation, TH, 3 non-TH)
ROSC return of spontaneous circulation, ICU intensive care unit,

Table 4 Reasons for withholding therapeutic hypothermia (TH) in unconscious out-of-hospital cardiac arrest (OHCA) patients (and
hospital survivors) with shockable rhythm

ROSC time considered too short
ROSC time considered too long
Advanced age
Underlying diseases with dismal prognosis
Haemodynamic instability
Hypothermia as the aetiology for OHCA
Other reason

OHCA-VF/VT patients
without TH (n = 40)

A subgroup of hospital survivors
(n = 14 out of 40, 35 %)

8
8
15
18
5
3
3

8
1
4
2
0
1
1

VF ventricular fibrillation, VT ventricular tachycardia, ROSC return of spontaneous circulation
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Fig. 2 Outcome of unconscious
OHCA patients divided by
shockable and non-shockable
rhythms and use of therapeutic
hypothermia (TH)

504 OHCA patients

Initial rhythm

281 shockable rhythms

223 non-shockable rhythms

Therapeutic
hypothermia

241 with TH
(85.8%)

40 without TH
(14.2%)

70 with TH
(31.4%)

153 without
TH (68.6%)

ICU discharge

220 survivors
(91.3%)

26 survivors
(65.0%)

55 survivors
(64.3%)

98 survivors
(64.1%)

Hospital
discharge

172 survivors
(71.3%)

14 survivors
(35.0%)

26 survivors
(37.1%)

48 survivors
(31.4%)

One year
follow up

149 survivors
(61.8%)

11 survivors
(27.5%)

19 survivors
(27.1%)

29 survivors
(19.0%)

3

0

3

3

Patients lost to
neurological
follow up

One year
neurological
outcome

CPC (1-2) 138
(58.0%)
CPC (3-4-5) 100
(42.0%)

CPC (1-2) 9
(22.5%)
CPC (3-4-5) 31
(77.5%)

CPC (1-2) 13
(19.4%)
CPC (3-4-5) 54
(80.6%)

CPC (1-2) 24
(16.0%)
CPC (3-4-5) 126
(84.0%)

OHCA, Out of hospital cardiac arrest; CPC, Cerebral Performance Categories

randomization. Thus, patients treated with or without TH
may have been different. Some patients were not admitted
to ICUs, and even if admitted only those with a reasonable possibility of favourable outcome may have been
treated with TH. Third, the sample size was not planned
to detect any differences in outcome between TH- and
non-TH-treated patients in the non-shockable group.
However, based on the upper CI of the risk difference
between those treated and not treated with TH, our findings suggest \15 % risk reduction with TH. Fourth,
despite the propensity score matched analysis, there might

have been some unknown confounding factors between
the groups, and a bias is always possible in an observational study.

Conclusions
We conclude that TH in OHCA patients from shockable
rhythms is widely implemented in Finland. Hospital and
90-day mortality and 1-year unfavourable neurological

835

outcome of patients from shockable rhythms after TH
were lower than in previous randomized controlled trials.
However, our results do not support the use of TH in
patients with non-shockable rhythms.
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Appendix
The FINNRESUSCI Study Group: Participating hospitals,
investigators (Inv.) and study nurses (SN.) in the FINNRESUSCI study.
Satakunta Central Hospital, Dr. Vesa Lund (Inv.), Päivi
Tuominen, Satu Johansson, Pauliina Perkola, Elina
Kumpulainen (SN.); East Savo Central Hospital, Dr.
Markku Suvela (Inv.), Sari Hirvonen, Sirpa Kauppinen
(SN.); Central Finland Central Hospital, Dr. Raili LaruSompa (Inv.), Mikko Reilama (SN.); South Savo Central
Hospital, Dr. Heikki Laine (Inv.), Pekka Kettunen, Iina
Smolander (SN.); North Carelia Central Hospital, Dr. Matti
Reinikainen (Inv.), Tero Surakka (SN.); Seinäjoki Central
Hospital, Dr. Kari Saarinen (Inv.), Pauliina Lähdeaho,

Johanna Soini (SN.); South Carelia Central Hospi-tal,
Dr. Seppo Hovilehto (Inv.); Päijät-Häme Central Hospital,
Dr. Pekka Loisa (Inv.), Alli Parviainen, Pirjo Tuomi (SN.);
Vaasa Central Hospital, Dr. Simo-Pekka Koivisto, Dr.
Raku Hautamäki (Inv.); Kanta-Häme Central Hospital, Dr.
Ari Alaspää (Inv.), Tarja Heikkilä (SN.); Lappi Central
Hospital, Dr. Outi Kiviniemi (Inv.), Esa Lintula (SN.);
Keski-Pohjanmaa Central Hospital, Dr. Tadeusz Kaminski
(Inv.), Jane Roiko (SN.); Kymenlaakso Central Hospital,
Dr. Seija Alila, Dr. Jussi Pentti (Inv.), Reija Koskinen
(SN.); Länsi-Pohjás Central Hospital, Dr. Jorma Heikkinen
(Inv.) Helsinki University Hospital, Jorvi Hospital, Dr.
Jukka Vaahersalo, Dr. Tuomas Oksanen, Dr. Tero Varpula
(Inv.), Anne Eronen, Teemu Hult, Taina Nieminen (SN.);
Meilahti Hospital Medical ICU, Dr. Tom Bäcklund (Inv.),
Leevi Kauhanen (SN.); Meilahti Hospital ICU, Dr. KirsiMaija Kaukonen, Dr. Ville Pettilä (Inv.), Leena Pettilä,
Sari Sutinen (SN.); Turku University Hospital, Dr. Juha
Perttilä, Dr. Keijo Leivo, Dr. Juha Grönlund (Inv.); Tampere University Hospital, Dr. Sanna Hoppu, Dr. Jyrki
Tenhunen, Dr. Sari Karlsson (Inv.), Atte Kukkurainen,
Simo Varila, Samuli Kortelainen, Minna-Liisa Peltola
(SN.); Kuopio University Hospital, Dr. Pamela Hiltunen,
Dr. Jouni Kurola, Dr. Esko Ruokonen (Inv.), Elina Halonen, Saija Rissanen, Sari Rahikainen (SN.); Oulu
University Hospital, Dr. Risto Ahola, Dr. Tero Ala-Kokko
(Inv.), Sinikka Sälkiö (SN.)
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