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Abstract
Background: In the past decade, early treatment of cardiac arrest (CA) victims has been improved in several ways,
leading to more optimistic over all prognoses. However, the global survival rate after out-of-hospital CA (OHCA)
is still not more than 5-10%. With a better knowledge of the predictors for outcome among CA patients, we can
improve the management of CA, in order to strengthen the leads in the chain of survival.
Methods: A retrospective cohort study including 172 CA patients admitted to the intensive care unit (ICU) in
Odense University Hospital (OUH) in a three-year period was conducted. We determined the 90-day mortality and
neurological outcome at discharge for CA patients treated with therapeutic hypothermia (TH), in regard to determine
the importance of the predictors for mortality and neurological outcome, with emphasize on combining initial rhythm
and time to return of spontaneous circulation (ROSC).
Results: The overall mortality was 44% and a favorable neurological outcome was seen among 52%. Strong predictors
for survival and favorable neurological outcome were ventricular tachycardia/ventricular fibrillation (VT/VF) as initial
rhythm, cardiac etiology and time to ROSC < 20 minutes. Age < 60 years was a predictor for survival only. Patients with
the combination of VT/VF and ROSC < 20 minutes had undeniably the best chance of both survival and a favorable
neurological outcome.
Conclusions: We found significant predictors for both survival and neurological outcome, in which an initial rhythm of
VT/VF and a cardiac etiology were the strongest.

Background
Cardiac arrest (CA) victims have a high risk of death or
poor neurologic function. The survival rate of out-ofhospital CA (OHCA) is reported to be 5-10% [1,2].
However, survival rates can reach 20-40% in witnessed
cases of OHCA with VF as initial rhythm in communities where the chain of survival is strong [3,4]. It is
known that the most common initial rhythm is ventricular fibrillation (VF), with a frequency of 60-80% of all CA.
Because VF is a shockable rhythm, the chance of survival
is up to 10 times higher compared with the non-VT/VF
rhythms [5]. In Denmark, there is approximately 3500
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OHCA every year and the 30-day survival rate was 10.1%
in 2011. The median age for OHCA patients in Denmark
are 70 and 65% of the OHCA patients are males. Strong
predictors for 30-day survival are reported to be bystander
cardiopulmonary resuscitation (CPR) before the arrival of
the ambulance, early defibrillation, short time to return of
spontaneous circulation (ROSC) and VT/VF as initial
rhythm [4,6].
Therapeutic hypothermia (TH) may be beneficial in
treatment of patients achieving ROSC after CA [7-9].
The background for the current recommendations regarding TH is based on two randomized controlled trials
(RCT) published in 2002 [8,9], which demonstrated that
TH increases the rate of neurological recovery and reduces the mortality after CA. Based on the two articles,
the Advanced Life Support (ALS) Task Force of the
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International Liaison Committee on Resuscitation (ILCOR)
in 2003 recommended TH for CA survivals [10] and the
treatment was, and still is, included in the European Resuscitation Council Guidelines for resuscitation [11].
A large amount of studies have investigated different
outcome measures among CA patients treated with TH
and there are many reports on predictors for outcome.
Less is known about the importance of these predictors
against each other.
The aim of this retrospective analysis was to determine
the 90-day mortality and neurological outcome at discharge
for CA patients treated with TH, in regard to determine the
importance of the predictors for mortality and neurological
outcome, with emphasize on combining initial rhythm and
time to ROSC.

Methods
Study design and patient population

We conducted a retrospective cohort study, where we
studied medical records of CA patients admitted to one
of the two ICUs in Odense University Hospital (OUH)
in Denmark between January 1st 2008 and December
31st 2010. The two ICUs followed the same protocol
regarding the management of CA patients.
The criteria for inclusion were:
1. Adults with an age ≥ 18 years, suffering from either
in-hospital CA (IHCA) or OHCA with ROSC,
regardless of initial rhythm or etiology. We allowed
the CA to be both witnessed and un-witnessed.
2. Treatment with TH.
Data collection

Data was found in the internal database for medical
journals. Permission to use the database was given by
the management of the Department of Anesthesiology
and Intensive Care, OUH. The Regional Committees on
Health Research Ethics for Southern Denmark ruled that
no formal ethics approval was required in this case.
The following baseline characteristics were registered
from the medical records; age, gender, number of days alive,
mortality at discharge, 30 and 90 days, location of CA
(IHCA or OHCA), initial rhythm, time from collapse to
ROSC (<20 min. or ≥ 20 min.), etiology and discharge destination (home/rehabilitation facility or nursing home/
death). We chose to register time to ROSC as < or ≥ 20 minutes, to make the results comparable with other studies in
the field [12-16]. We registered the first recorded rhythm
during CA as the initial rhythm. Favorable neurological
outcome was defined as a Cerebral Performance Category
(CPC) of 1–2 (discharge to home or rehabilitation facility)
and unfavorable neurological outcome was defined as CPC
3–5 (discharge to nursing home or death) [17].
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Outcome assessment

The primary outcomes were overall mortality at 90 days
from the CA and neurological outcome at discharge
from hospital. We compared the initial rhythm and the
time to ROSC as predictors for mortality and neurological outcome. Secondly, we investigated other predictors for outcome.
Cooling

Cooling was initiated and maintained according to current
resuscitation guideline [18]. TH was initiated with infusion
of cold saline and ice packages in axilla and groin to a target temperature of 33°C and hypothermia was maintained
for 24 hours by a cooling dress. Passive rewarming was
performed with a temperature increase of 0.5°C per hour.
Statistical analysis

Statistical analyses were performed using GraphPad Prism®
version 5. Continuous data was expressed as mean ± standard deviation (SD) when visual inspection suggested normally distribution. When not normally distributed, results
were expressed as median and interquartile range. Categorical variables were reported as counts and percentages. Binary categorical variables were compared using Chi-squared
test or Fisher’s exact test. Results were expressed as Odds
Ratio (OR) and 95% Confidence Interval (CI). A P-value <
0.05 was considered statistical significant and all tests were
two-sided.

Results
The study population consisted of 173 patients over the
age of 18. One patient was excluded from the study due
to foreign nationality and therefore lack of fundamental
information. Due to missing information in medical records; one patient had unknown initial rhythm, three patients had unknown time to ROSC and four patients had
unknown discharge destination. These patients were still
included in the study, although not in the analysis concerning their missing data. Finally, 172 patients were enrolled (Table 1). The vast majority of the patients
admitted to the ICU after having CA with ROSC in the
study period received TH treatment. Only 7 patients did
not receive TH, they all suffered from severe instability
due to cardiogenic shock and died within a few hours.
Mortality

Among the entire patient population, there was an overall 90-day mortality rate of 44% (Figure 1). There was a
significant difference in mortality rates among the entire
patient population and patients with cardiac etiology
only (P = 0.0262). Patients with a cardiac etiology had a
90-day mortality rate of 30%, compared with noncardiac etiology; 78% (P < 0.0001). The 90-day mortality
rate for all patients, regardless of etiology, presenting
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Table 1 Baseline characteristics
Characteristics

Study group

Gender - no./total no. (%)
Male

131/172 (76)

Female

41/172 (24)

Age - year
Mean ± SD

60.0 ± 12.9

≤60 years - no./total no. (%)

83 (48)

>60 years - no./total no. (%)

89 (52)

Mortality at discharge - no./total no. (%)

76/172 (44)

Mortality at 30 days from - CA no./total no. (%)

73/172 (42)

Mortality at 90 days from CA - no./total no. (%)

76/172 (44)

Figure 1 90-day mortality and etiology.

Location of cardiac arrest - no./total no. (%)
Out-of-hospital

142/172 (83)

In hospital

30/172 (17)

VT/VF rhythm at presentation - no./total no.1 (%)

122/171 (71)

Non-VT/VF rhythm at presentation - no./total no. (%)

49/171 (29)

Asystole

41/171 (24)

Pulseless electrical activity (PEA)

4/171 (2.5)

Unknown non-shockable rhythm

4/171 (2.5)

Time from collapse to ROSC - no./total no.2 (%)
<20 minutes

117/169 (69)

≥20 minutes

52/169 (31)

Etiology of cardiac arrest - no./total no. (%)
Cardiac

124/172 (72)

Respiratory

28/172 (16)

Intoxication

7/172 (4)

Cerebral

3/172 (2)

Trauma

1/172 (0.5)

Malignant

1/172 (0.5)

Undefined

8/172 (5)

Discharge destination - no./total no.3 (%)
Home/Rehabilitation facility

88/168 (52)

Nursing home/Death

80/168 (48)

ROSC > 20 min. (P = 0.0004). It was 67% for non-VT/VF
and ROSC < 20 min. and 86% for non-VT/VF and
ROSC > 20 min. (P = 0.2362).
Survival was significantly better in younger patients.
Mortality rate for patients with cardiac etiology and
age ≤ or > 60 were 21% and 39% (P = 0.0325). Changing
the age limit to ≤ and > 70, the difference in mortality
was not significant, neither for all patients nor patients
with cardiac etiology only.
OHCA patients had a trend towards a lower mortality
than IHCA patients; 41% and 57% (P = 0.1055). There
was a higher rate of cardiac etiology among patients with
OHCA than IHCA, 80% and 37%.

Neurological outcome

Among all 168 patients where neurological outcome
could be evaluated, 52% had a favorable outcome (CPC
1–2). Only 10 patients (6%) were discharged to rehabilitation facility or nursing home and had thereby a poor
neurologic outcome (CPC 3–4). Furthermore, 42% of
the patients evaluated for neurological outcome died

CA: Cardiac arrest. VT: Ventricular tachycardia. VF: Ventricular fibrillation. ROSC:
Return of Spontaneous Circulation.
1
One patient data missing because of unknown initial rhythm.
2
Three patients data missing because of unknown time to ROSC.
3
Four patients data missing because of unknown discharge destination.

with VT/VF was the same as for patients with cardiac
etiology (30%). For patients with cardiac etiology only,
the mortality rate for VT/VF and non-VT/VF was 21%
and 71% respectively (P < 0.0001).
Combining time to ROSC and initial rhythm revealed
that the initial rhythm was the strongest predictor for
survival. In Figure 2, the results of combining initial
rhythm with time to ROSC among CA patients with a
cardiac etiology can be seen. The mortality rate was 17%
for VT/VF and ROSC < 20 min. and 49% for VT/VF and

Figure 2 90-day mortality, time to ROSC and initial rhythm for
patients with cardiac etiology only. ROSC = Return of spontaneous
circulation. VT = Ventricular Tachycardia. VF = Ventricular Fibrillation.
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(CPC 5). 67% of patients with cardiac etiology had a
favorable outcome, compared with 17% of patients with
non-cardiac etiology (OR: 10.0; 95% CI, 4.28 to 23.4;
P < 0.0001).
The initial rhythm had a greater influence on the
neurological outcome than time to ROSC. Patients with
VT/VF had a significantly better outcome than patients
with non-VT/VF, regardless of time to ROSC. The undeniably highest rate of favorable neurological outcome
(83%) was seen among patients with cardiac etiology
with VT/VF and ROSC < 20 min. In the same subgroup
of patients, with ROSC > 20 min., the rate of favorable
outcome was 51% (P < 0.0001). In patients with non-VT/
VF and ROSC </> 20 min., the results were 33% and
14% respectively (Figure 3).
Age was not a predictor for a favorable neurological
outcome (P = 0.1309).
Initial rhythm related to other clinical factors

There was a considerably higher occurrence of cardiac
etiology among patients with VT/VF, than among patients with non-VT/VF; 91% and 29%, respectively (OR:
25.2; 95% CI, 10.5 to 60.6; P < 0.0001). There was no significant difference in the distribution of time to ROSC
</≥ 20 minutes between VT/VF and non-VT/VF
rhythms (OR: 0.87; 95% CI, 0.42 to 1.80; P = 0.8543).
Furthermore, there was no significant difference in the occurrence of VT/VF and non-VT/VF rhythms in neither
age (P = 0.8665) nor gender (P = 0.1133).
Table 2 summarizes the predictors for survival and a
favorable neurological outcome.

Discussion
In this retrospective cohort study, we investigated mortality,
neurological outcome and possible predictors for favorable
outcome in CA patients over a 3-year period at a Danish
University Hospital. We investigated the importance of
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having a shockable initial rhythm versus a low time to
ROSC for the mortality and neurological outcome. We
found that an initial rhythm of VT/VF, CA of cardiac etiology, time to ROSC < 20 minutes and age < 60 years were
all predictors for survival. The initial rhythm had a greater
influence on the mortality and neurological outcome than
time to ROSC.
Mortality

The overall 90-day mortality was 44% and this is consistent with results of similar studies [12,19-21]. The majority of patients, who died, died within the first 20 days
after their CA. This confirms that if the patients live
through the first couple of weeks, they tend to survive.
Also, patients who have a poor pre-CA health status
and/or suffer from severe heart-/brain injury are likely
to die as a direct result of the CA.
The 90-day mortality rate decreases significantly in patients with cardiac etiology compared with non-cardiac
etiology, which illustrates that a cardiac cause is a predictor for good outcome. Our findings regarding a 90day mortality rate of 30% are comparable to the results
in the HACA study [9] and the study by Stub et al. [13].
The significant decrease in mortality in cardiac patients
can be explained by a more frequent occurrence of VT/
VF rhythms in these patients. We found that the odds of
having a VT/VF rhythm of cardiac etiology are 25 times the
odds of having a VT/VF rhythm of non-cardiac etiology.
The better prognosis for patients with cardiac etiology may
also be a result of more extended treatment options such as
coronary artery catheterization, cardiac surgery, prophylactic Implantable Cardiac Defibrillator (ICD) therapy and
pharmacological treatment.
Patients with VT/VF had a significantly lower mortality rate than patients with non-VT/VF and our results
are consistent with the results of several other studies
[5,22,23]. It is known that VT/VF has a better prognosis

Figure 3 Neurological outcome; time to ROSC and initial rhythm for patients with cardiac etiology. ROSC = Return of spontaneous
circulation. VT = Ventricular Tachycardia. VF = Ventricular Fibrillation.
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Table 2 Analysis of clinical predictors for survival and favorable neurological outcome
Survival
VT/VF on presentation

Favorable neurological outcome

OR

95% CI

P-value

OR

95% CI

P-value

9.32

4.20 – 20.70

<0.0001

12.5

5.13 – 30.40

<0.0001

Cardiac etiology

8.60

3.89 – 19.00

<0.0001

10.0

4.28 – 23.40

<0.0001

ROSC < 20 minutes

2.45

1.26 – 4.78

0.0115

2.16

1.10 – 4.24

0.0287

Age < 60 years

1.89

1.03 – 3.48

0.0466

1.60

0.88 – 2.92

0.1309

than non-VT/VF, as VT/VF can be defibrillated into a
perfusing rhythm. Also, VT/VF is associated with a
cardiac etiology.
Neurological outcome

The fact that only 10 out of 168 patients were discharged to nursing home or rehabilitation facility indicates that patients, who survive, are likely to return to
their previous neurological status. After the introduction
of TH treatment, studies have shown that the number of
CA patients discharged with a CPC score of 3–4 has decreased and correspondingly, the number of patients
with CPC 1–2 has increased [8,20,22]. This may be a
part of the explanation for the high number of patients
being discharged with an intact neurological status after
CA. Also, nowadays, in patients who are assessed as
being at high risk of either dying or ending up in a vegetative state, futile treatment is often terminated.
We have demonstrated that the odds of being discharged
with a favorable outcome are 10 times higher when having
a cardiac etiology than a non-cardiac etiology. 67% of patients with a cardiac etiology had a favorable outcome,
which is noticeably better than the findings by Bernard
et al. [8], which was 49%. This is in spite of the fact that
some of the patients in our study with cardiac etiology had
non-VT/VF rhythms and Bernard et al. only included
OHCA patients with VT/VF. One should though have in
mind that the study by Bernard et al. was conducted over
10 years ago and treatment methods, especially regarding
resuscitation, have been changed. First of all, in Denmark,
the use of mobile intensive care units (ambulances with
anesthesiologists and intensive care equipment) now allows
for immediate initiation of professional CPR and subsequent cooling. Secondly, medical personnel are nowadays
more experienced with TH treatment. Furthermore, our
study population was significantly larger than in the study
by Bernard et al. and the statistical certainty is therefore
stronger.
Our results demonstrate that 91% of patients with a cardiac etiology present with VT/VF, which illustrates the
strong correlation between these two variables. Our results
regarding initial rhythm as a predictor for neurologic outcome are consistent with prior studies [12,13,19,24,25].
When only investigating the patients with a cardiac etiology, the odds of having a favorable neurological outcome

when having a VT/VF rhythm are 8.6 times higher than the
odds of favorable outcome and non-VT/VF. It is important,
though, to be aware of the small number of patients with
cardiac etiology and non-VT/VF, which may lead to a statistical uncertainty. Nevertheless, we can, based on our results, emphasize that a cardiac etiology and VT/VF have a
strong positive impact on the outcome for CA patients.
Time to ROSC associated with mortality and neurological
outcome

We have illustrated that time from collapse to ROSC < 20
minutes is a positive predictor for survival and neurological outcome. Similar results have been shown in
other studies [12,14,19]. When combining initial rhythm
and time to ROSC, a remarkable finding is that the initial
rhythm is the most important predictor for both survival
and neurological outcome. In other words, the duration of
non-sufficient circulation is not as important for survival
and neurological outcome as the initial cardiac arrest
rhythm. When having non-VT/VF, the time to ROSC is
insignificant for both survival and neurological outcome
in this study. Our results are verified by Herlitz et al. [22],
who demonstrated that initial rhythm is the strongest predictor for survival, followed by time from call for and
arrival of the ambulance, used as a marker for time to
ROSC. However, there is a possibility that the initial
rhythm itself can have an influence on time to ROSC,
since a shockable rhythm can often be defibrillated into a
perfusing rhythm. Our data describing mortality, initial
rhythm and time to ROSC, show a trend towards a lower
mortality among patients with cardiac etiology, but as the
number of patients in each subgroup is small, it is difficult
to draw any conclusions.
Age associated with mortality and neurological outcome

The association between age and prognosis has been inconclusive in previous studies. There is a trend towards a lower
mortality rate among younger patients [13,16,19,21,26] but
there are also studies, which have not found an association
between age and survival [12,27]. In our study, an age
under 60 is a positive predictor for survival, regardless
of etiology. Though, possible confounders should be considered, e.g. higher rate of comorbidities among elderly.
The occurrence of VT/VF and non-VT/VF is not associated with age, neither is etiology.
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Interestingly, changing the age intervals to </≥ 70 years,
showed no statistical significance of lower mortality among
patients < 70 years. Similar results are found in a Danish
study, conducted by Larsen et al. [28]. The fact that the
association between mortality and age </≥ 60 is statistically
significant, suggests that the mortality rates are high in the
group of patients between 60 and 70 years. Taking the
above-mentioned results into consideration, it is indicated
that active treatment of CA should not be excluded based
on age.
Location of CA associated with mortality and neurological
outcome

Higher mortality rates among patients who suffered from
IHCA compared with OHCA were also demonstrated in a
study by Meaney et al. [24]. We assume that IHCA patients
have a higher number of comorbidities and that they are
more vulnerable on the actual time of the CA, which can
lead to a selection bias in this study. The majority of IHCA
patients had a non-cardiac etiology, mainly hypoxia, and
therefore in higher risk of having a non-VT/VF rhythm and
a worse prognosis. However, we have shown that 37% of
the IHCA patients in this study suffered from CA of cardiac
etiology. We included both ICHA and OHCA patients in
this study, which of course may lead to a noticeable bias
taken different etiologies into consideration. However, in
our results, we analyze data from patients with cardiac and
non-cardiac etiology separately, which narrows this bias
considerably.
Therapeutic hypothermia

The findings by Bernard et al. and Holzer et al. [8,9], have
been further investigated and confirmed by other studies
[12,13,19-21,25]. However, a recent International RCT by
Nielsen et al. [29], reported no significant difference in
outcome between OHCA patients with presumed cardiac
cause, treated with hypothermia at a target temperature of
33°C versus 36°C, which led to the conclusion that the
main consequence of TH may be preventing fever. Another recent Norwegian multicenter study by Lindner et al.
[21], investigating prognostic factors for the use of TH in
OHCA survivals, showed that after correcting for other
prognostic factors, use of TH remained an independent
predictor of improved survival. Hence, the discussion on
whether or not TH is beneficial for outcome among CA patients is undoubtedly still on going.
TH does not appear to be associated with a higher
number of patients ending up in a vegetative state. This
may be influenced by the fact that the treatment of the
patients at risk is terminated. Either way, the concerning
patients are still treated with TH and are thereby given
the chance of neurological improvement. However, our
results are consistent with other studies, which report a
high mortality and unfavorable neurological outcome for
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patients with non-VT/VF rhythms, regardless of treatment
method [24,25,27].
The future

In the past decade, the early treatment of CA victims has
been improved in several ways, leading to more optimistic
over all prognoses. A recent study by Wissenberg et al. [4],
revealed that the bystander CPR rate in Denmark have increased significantly, from 21% in 2001 to 45% in 2010.
Also, 30 day survival improved from 3,5% in 2001 to 10,8%
in 2010. Although, because of co-occurrence of several initiatives to improve the management of OHCA patients in
this period, the conclusion that the increased bystander rate
is the main cause of the improved survival rate, cannot be
drawn. On the other hand, increased bystander rate is
highly correlated with the strong predictors of good outcome in this study; initial rhythm and time to ROSC.
Limitations

There are several limitations to our study. We have conducted a retrospective cohort study and it is therefore
subject to potential confounders and selection bias. Our
data is retrospectively collected from medical records,
leading to an information bias. Many of the investigated
parameters are interpreted from clinical notes, which
may have affected our results.
The patients comprise a selected group; all treated at a
university hospital which has extended treatment options
and personnel with extensive experience in managing patients with CA, indicating a selection bias. Also to be taken
into consideration as a weakness, is the statistical uncertainty that occurs when several variables are compared,
resulting in smaller study populations.
The strengths in our study are the relatively large patient
population and the well-performed comparison between
the initial rhythm and time to ROSC. We present strong
statistical significance in well-defined tables.

Conclusions
Our study results support the results of prior studies
conducted on TH treated CA patients. 44% of all patients died and 52% of all patients were discharged with
a favorable outcome. Predictors for survival and a favorable neurological outcome were VT/VF as presenting
rhythm, CA of cardiac origin and time to ROSC < 20 minutes. Age < 60 years was a predictor for survival only.
There is a strong correlation between initial rhythm and
etiology. Together and individually, these parameters are
strong predictors for both survival and a favorable neurological outcome.
When combining initial rhythm and time to ROSC,
we found that the duration of non-sufficient circulation
during CA is not as important for survival and favorable
neurological outcome as an initial rhythm of VT/VF.

Wibrandt et al. BMC Emergency Medicine (2015) 15:3

Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
IW and KN searched the databases for literature, studied medical records,
performed the statistical analysis and drafted the manuscript. HS and JS
participated in the design of the study and in adjustment of the manuscript.
All authors read and approved the final manuscript.
Acknowledgements
The authors have no acknowledgements.
Received: 25 October 2013 Accepted: 26 January 2015

References
1. Berdowski J, Berg RA, Tijssen JGP, Koster RW. Global incidences of out-ofhospital cardiac arrest and survival rates: Systematic review of 67 prospective
studies. Resuscitation. 2010;81(11):1479–87.
2. Sasson C, Rogers MAM, Dahl J, Kellermann AL. Predictors of survival from
out-of-hospital cardiac arrest a systematic review and meta-analysis.
Circ Cardiovasc Qual Outcomes. 2010;3(1):63–81.
3. Agarwal DA, Hess EP, Atkinson EJ, White RD. Ventricular fibrillation in
Rochester, Minnesota: experience over 18 years. Resuscitation. 2009;80
(11):1253–8.
4. Wissenberg M, Lippert FK, Folke F, Weeke P, Hansen CM, Christensen EF,
et al. Association of national initiatives to improve cardiac arrest
management with rates of bystander intervention and patient survival after
out-of-hospital cardiac arrest. JAMA. 2013;310(13):1377–84.
5. Holmberg M, Holmberg S, Herliz J. Incidence, duration and survival of
ventricular fibrillation in out-of-hospital CAs patients in Sweden. Resuscitation.
2000;44:7–17.
6. Wissenberg M, Hansen CM, Mortensen RN, Folke F, Lippert F, Christensen EF
et. al. Dansk Hjertestopregister. Hjertestop udenfor hospital i Danmark.
Videnskabelig rapport 2001–2011. [http://genoplivning.dk/wp-content/
uploads/2013/10/Dansk-Hjertestopregister-2001-2011.pdf]
7. Nunnaly ME, Jaeschke R, Bellingan GJ, Lacroix J, Mourvillier B, Rodriguez-Vega
GM, et al. Targeted temperature management in critical care: a report and
recommendations from five professional societies. Crit Care Med. 2011;
39(5):1113–25.
8. Bernard SA, Gray TW, Buist MD, Jones BM, Silvester W, Gutteridge G, et al.
Treatment of comatose survivors of out-of-hospital CA with induced
hypothermia. N Engl J Med. 2002;346(8):557–63.
9. Holzer M, The hypothermia after CA study group. Mild therapeutic
hypothermia to improve the neurologic outcome after CA. N Engl J Med.
2002;346(8):549–56.
10. Nolan JP, Neumar RW, Adrie C, Aibiki M, Berg RA, Böttinger BW, et al.
Post CA syndrome: epidemiology, pathophysiology, treatment, and
prognostication A Scientific Statment from the International Liaison
Committee on Resuscitation; the American Heart Association Emergency
Cardiovascular Care Comittee; the Council on Cardiovascular Surgery and
Anesthesia, the Council on Cardiopulmonary, Perioperative, and Critical
Care; the Council on Clinical Cardiology; the Council on Stroke.
Resuscitation. 2008;79:350–79.
11. Nolan JP, Morley PT, Vanden Hoek TL, Hickey RW. Terapeutic hypothermia
after CA. An advisory statement by the advanced life support task force of
the international liaison committee on resuscitation. Resuscitation.
2003;57:231–5.
12. Aguila A, Funderburk M, Guler A, McNitt S, Hallinan W, Daubert JP, et al.
Clinical predictors of survival in patients treated with therapeutic
hypothermia following CA. Resuscitation. 2010;81:1621–6.
13. Stub D, Hengel C, Chan W, Jackson D, Sanders K, Dart AM, et al. Usefulness
of cooling and coronary catheterization to improve survival in out-ofhospital cardiac arrest. Am J Cardiol. 2010;107(4):522–7.
14. Belliard G, Catez E, Charron C, Caille V, Aegerter P, Duborg O, et al. Efficacy
of therapeutic hypothermia after out-of-hospital cardiac arrest due to
ventricular fibrillation. Resuscitation. 2007;75:252–9.
15. Harrison DA, Patel K, Nixon E, Soar J, Smith GB, Gwinnutt C, et al.
Development and validation of risk models to predict outcomes following
in-hospital cardiac arrest attended by a hospital-based resuscitation team.
Resuscitation. 2014;85(8):993–1000.

Page 7 of 7

16. Storm C, Nee J, Krueger A, Schefold JC, Hasper D. 2-year survival of patients
undergoing mild hypothermia treatment after ventricular fibrillation CA is
significantly improved compared to historical controls. Scand J Trauma
Resusc Emerg Med. 2010;18:2.
17. Jacobs I, Nadkarni V, Bahr J, Berg RA, Billi JE, Bossaert L, et al. Cardiac arrest and
cardiopulmonary resuscitation outcome reports: update and simplification of
the Utstein templates for resuscitation registries. A statement for healthcare
professionals from a task force of the international liaison committee on
resuscitation (American Heart Association, European Resuscitation Council,
Australian Resuscitation Council, New Zealand Resuscitation Council, Heart and
Stroke Foundation of Canada, InterAmerican Heart Foundation, Resuscitation
Council of Southern Africa). Resuscitation. 2004;63:233–49.
18. Nolan J, Deakin CD, Soar J, Böttiger B, Smith G. European Resuscitation
Council Guidelines for Resuscitation 2005. Section 4. Adult advanced life
support. Resuscitation. 2005;67S1:39–86.
19. Oddo M, Ribordy V, Feihl F, Rossetti AO, Shaller MD, Chioléro R, et al. Early
predictors of outcome in comatose survivors of ventricular fibrillation and
non-ventricular fibrillation cardiac arrest treated with hypothermia: a
prospective study. Crit Care Med. 2008;36(8):2296–301.
20. Nielsen N, Hovdenes J, Rubertsson S, Stammet P, Sunde K, Valsson F, et al.
Outcome, timing and adverse events in therapeutic hypothermia after out-ofhospital cardiac arrest. Acta Anaesthesiologica Scandinavica. 2009;53:926–34.
21. Lindner TW, Langørgen J, Sunde K, Larsen AI, Kvaløy JT, Heltne JK, et al.
Factors predicting the use of therapeutic hypothermia and survival in
uncounscious out-of-hospital cardiac arrest patients admitted to the ICU.
Crit Care. 2013;17:R147.
22. Herlitz J, Engdahl J, Svensson L, Ängquist KA, Young M, Holmberg S. Factors
associated with an increased chance of survival among patients suffering
from out-of-hospital cardiac arrest in a national perspective in Sweden.
Am Heart J. 2004;149(1):61–6.
23. Martinell L, Larsson M, Bång AA, Karlsson T, Lindqvist J, Thorén AB, et al. Survival
in out-of-hospital CA before and after use of advanced postresuscitation care.
A survey focusing on incidence, patient characteristics, survival, and estimated
cerebral function after postresuscitation care. Am J Med. 2010;28:543–51.
24. Meaney PA, Nadkarni VM, Kern KB, Indik JH, Halperin HR, Berg RA. Rhythms
and outcomes of adult in-hospital cardiac arrest. Crit Care Med. 2010;38(1):101–8.
25. Hay AW, Swann DG, Bell K, Walsh TS, Cook B. Therapeutic hypothermia in
comatose patients after out-of-hospital CA. Anaesteshia. 2008;63:15–9.
26. Dumas F, Grimaldi D, Zuber B, Fichet J, Charpentier J, Pène F, et al. Is
hypothermia after CA effective in both shockable and nonshockable
patients?: insights from a large registry. Circulation. 2011;123:877–86.
27. Storm C, Nee J, Roser M, Jörres A, Hasper D. Mild hypothermia treatment in
patients resuscitated from non-shockable cardiac arrest. Emerg Med J.
2012;29(2):100–3.
28. Larsen LP, Kristensen KV, Kirkegaard H. Terapeutisk hypotermi efter
hjertestop. Ugeskr Laeger. 2009;171(17):1392–6.
29. Nielsen N, Wetterslev J, Cronberg T, Erlinge D, Gasche Y, Hassager C, et al.
Targeted temperature management at 33°C versus 36°C after cardiac arrest.
N Engl J Med. 2013;369(23):2197–206.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

