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BACKGROUND: Good neurological outcome after cardiac arrest (CA) is hard to achieve for 

clinicians. Experimental and clinical evidence suggests that therapeutic mild hypothermia is benefi cial. 

This study aimed to assess the effectiveness and safety of therapeutic mild hypothermia in patients 

successfully resuscitated from CA using a meta-analysis.

METHODS: We searched the MEDLINE (1966 to April 2012), OVID (1980 to April 2012), 

EMBASE (1980 to April 2012), Chinese bio-medical literature & retrieval system (CBM) (1978 to 

April 2012), Chinese medical current contents (CMCC) (1995 to April 2012), and Chinese medical 

academic conference (CMAC) (1994 to April 2012). Studies were included if 1) the study design was a 

randomized controlled trial (RCT); 2) the study population included patients successfully resuscitated 

from CA, and received either standard post-resuscitation care with normothermia or mild hypothermia; 

3) the study provided data on good neurologic outcome and survival to hospital discharge. Relative risk 

(RR) and 95% confi dence interval (CI) were used to pool the effect.

RESULTS: The study included four RCTs with a total of 417 patients successfully resuscitated 

from CA. Compared to standard post-resuscitation care with normothermia, patients in the 

hypothermia group were more likely to have good neurologic outcome (RR=1.43, 95% CI 1.14–

1.80, P=0.002) and were more likely to survive to hospital discharge (RR=1.32, 95% CI 1.08–1.63, 

P=0.008). There was no significant difference in adverse events between the normothermia and 

hypothermia groups (P>0.05), nor heterogeneity and publication bias.

CONCLUSION: Therapeutic mild hypothermia improves neurologic outcome and survival in 

patients successfully resuscitated from CA.
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INTRODUCTION
The incidence of out-of-hospital cardiac arrest (CA) 

in industrial countries is reported to be 128/100 000 to 

36/100 000 persons/year.
[1]

 The incidence of sudden cardiac 

death in China is about 41.8/1000 000 persons and more 

than 544 000 persons die from CA each year.
[2]

 Among 

the patients who received cardiopulmonary resuscitation 

(CPR), 13% to 59% achieved the return of spontaneous 

circulation (ROSC), but only 4.6% could be discharged 

from the hospital.
[3]

 Therefore, therapy in the first hour 

after CA is very important.

Therapeutic mild hypothermia is still a relatively new 

concept for neuroprotection in patients who resuscitated 

after CA. Some experimental studies and clinical trials 
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demonstrated that therapeutic mild hypothermia was 

beneficial.
[4–7]

 So, the 2010 AHA guidelines for CPR 

and emergency cardiovascular care (ECC) recommend 

that comatose adult patients with ROSC after out-of-

hospital ventricular fibrillation (VF) cardiac arrest 

should be cooled to be 32 °C to 34 °C for 12 to 24 

hours.
[8]

 In recent years, clinical trials on therapeutic 

mild hypothermia in patients after CPR have emerged 

and therefore systematic updates of the literature are 

necessary to know new and effective developments. 

This meta-analysis aimed to assess the effectiveness 

and safety of therapeutic mild hypothermia in patients 

successfully resuscitated from CA.

DATA SOURCES
We searched the following databases. English 

language databases included MEDLINE (PubMed) 

(1966 to April 2012), OVID (1980 to April 2012) and 

EMBASE (1980 to April 2012). Chinese language 

databases included Chinese bio-medical literature & 

retrieval system (CBM) (1978 to April 2012), Chinese 

medical current contents (CMCC) (1995 to April 2012), 

and Chinese medical academic conference (CMAC) 

(1994 to April 2012). Keywords "cardiac arrest OR 

cardiopulmonary resuscitation AND hypothermia" were 

used to search articles limiting the search by human 

and age more than 19 years. References of all searched 

articles were reviewed to avoid omitting other relevant 

articles. All randomized controlled trials (RCTs) were 

included. The following criteria were used to identify 

the articles: 1) the study design was a RCT; 2) the study 

population included adult patients who suffered from CA 

and were successfully resuscitated; 3) the normothermia 

group received the standard treatment after CPR and was 

not cooled. The hypothermia group received therapeutic 

mild hypothermia (the target core temperature 32 °C to 

34 °C) in addition to the standard treatment, regardless 

of how body temperature was reduced; 4) the study 

provided data on neurological recovery (cerebral 

performance categories one or two) and survival to 

hospital discharge. Exclusion criteria were age less than 

18 years and CA patients who received other combined 

therapy except for hypothermia.

The methodological quality of included studies was 

assessed by Jadad score scales (0=worst, 5=best).
[9]

 Jadad 

score scales evaluate all included trials quality from the 

adequacy of randomization, blinding and follow-up. 

Low quality studies have a score of ≤2 and high quality 

studies a score of ≥3. Statistical analysis was performed 

using RevMan 5.0 software. The relative risk and 95% 

confidence interval were calculated for all included 

studies on an intention-to-treat basis. Values of P below 

0.05 were considered significant. Heterogeneity among 

the individual outcomes was assessed by the chi-square 

test. Values of I
2
 >50% and P<0.1 indicated significant 

heterogeneity. When there was no heterogeneity among 

the individual studies, pooled effect estimates were 

assessed using a fixed-effects model. A funnel plot was 

used to examine publication bias. An asymmetric funnel 

plot indicated publication bias.

RESULTS
A total of 1 836 studies were retrieved by the initial 

searches. Of these studies, 1 718 studies were excluded 

because of relevance to historical controlled trial, case 

report, editorial, review and so on. Next, 113 studies 

were excluded because of irrelevance to comparison 

of therapeutic mild hypothermia and normothermia. 

One trial was further excluded as therapy involved 

hemofi ltration plus hypothermia. Finally, four RCTs were 

included for meta-analysis (Figure 1).

Four RCTs with a total of 417 patients successfully 

resuscitated from CA were included in this review. 

All the trials compared the effects of therapeutic mild 

hypothermia versus normothermia on outcomes in CA 

patients who were successfully resuscitated. Neurological 

recovery and survival to hospital discharge were the 

Figure 1. Flow diagram about the trials screened for meta-analysis.
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Study n Setting Rhythm Etiology Intervention

Neurological recovery
  [n/N (%)]

Survival to hospital discharge
  [n/N(%)]

Mild 
hypothermia

Normo-
thermia

Mild 
hypothermia

Normo-
thermia

Bernard 
(2002)

[10]
77 Out-of-hospital VF Cardiac Cooling with packs placed around the 

head, neck, torso, and limbs, target 
temperature of 33 °C, and duration of 
hypothermia for 12 h

21/43 (48.8)   9/34 (26.4) 21/43 (48.8) 11/34 (32.3)

HACA 
(2002)

[11]
273In-hospital or 

out-of-hospital
VF or VT Cardiac Cooling with blanket, target temperature 

of 32 °C to 34 °C, and duration of 
hypothermia for 24 h

75/136 (55.1) 54/137 (39.4) 81/137 (59.1) 62/138 (44.9)

Hachimi-
Idrissi 
(2001)

[12]

30 Out-of-hospital AS Cardiac Cooling with helmet device, target 
temperature of 34 °C, and duration of 
hypothermia for 3 h

  2/16 (12.5)   0/14 (0.0)   3/16 (18.7)   1/14 (7.1)

Kamarainen 
(2009)

[13]
37 Out-of-hospital VF, PEA, 

or AS
Cardiac 
or non-
cardiac

Cooling with intravenous infusion of 4 
°C Ringer's solution, target temperature 
of 33 °C, and an unknown duration of 
hypothermia

  8/19 (42.1)   8/18 (44.4)   8/19 (42.1)   8/18 (44.4)

Table 1. Randomised controlled trials on mild hypothermia in the treatment of patients successfully resuscitated from cardiac arrest

n: number of patients for neurological recovery or survival to hospital discharge; N: total number of cardiac arrest patients; VF: ventricular 

fi brillation; VT: ventricular tachycardia; AS: asystole.

Study Randomization Blinding Follow-up Total 

Bernard (2002)
[10]

1 2 1   4

HACA (2002)
[11]

2 2 1   5

Hachimi-Idrissi (2001)
[12]

2 2 1   5

Kamarainen (2009)
[13]

1 0 1   2

Table 2. Jadad scores from all four randomized controlled trials

RR: relative risk; CI: confi dence interval.

Adverse events Study (n) Patients (n) RR (95% CI) P value

Pneumonia 1 272 1.27 [0.90–1.78]   0.17

Pulmonary edema 1 269 1.76 [0.61–5.12]   0.30

Bleeding 1 273 1.38 [0.88–2.16]   0.16

Need for platelet 
tansfusions

1 273 5.11 [0.25–105.47]   0.29

Sepsis 1 273 1.93 [0.89–4.18]   0.09

Arrhythmia or recurrence 
of cardiac arrest

2 310 1.10 [0.80–1.53]   0.55

Renal failure or oliguria 2 303 0.88 [0.48–1.61]   0.68

Hemodialysis 2 350 1.11 [0.41–3.01]   0.84

Pancreatitis 1 273 0.51 [0.05–6.57]   0.58

Seizures 1 269 0.89 [0.39–2.02]   0.78

Table 3. Adverse events associated with therapeutic mild hypothermia

adverse events were reported in all  four RCTs: 

pneumonia, pulmonary edema, bleeding, need for platelet 

transfusions, sepsis, arrhythmia, recurrence of CA, 

renal failure or oliguria, hemodialysis, pancreatitis, and 

seizures. However, there was no significant difference 

in reported adverse events beween hypothermia and 

normothermia (Table 3). A visual inspection of the funnel 

Figure 2. The effects of therapeutic mild hypothermia on neurological outcome after cardiac arrest.

Favours normothermia     Favours hypothermia
0.01            0.1                 1                 10              100

Study or subgroup
Hypothermia Normothermia Risk ratio Risk ratio

Events Total Events Total Weight(%) M-H, fi xed, 95% CI M-H, fi xed, 95% CI

Bemard 2002 21 43 9 34 13.8 1.84 [0.97–3.49]

HACA 2002 75 136 54 137 74.1 1.40 [1.08–1.81]

Hachimil-ldrissi 2001 2 16 0 14 0.7    4.41 [0.23–84.79]

Kamarainen 2009 8 19 8 18 11.3 0.96 [0.45–1.98]

Total (95% CI) 214 203 100.0 1.43 [1.14–1.80]

Total events 108 71

Heterogeneity: Chi
2
=2.40, df=3 (P=0.49); I

2
=0%

Test for overall effect: Z=3.10 (P=0.002)

primary outcome in all the RCTs (Table 1). Jadad score 

was 5 for two RCTs, 4 for one RCT and 2 for one RCT 

among all four RCTs (Table 2).

There was no heterogeneity from the outcome of 

neurological recovery in all the trials and a fi xed-effects 

model was used to analyze. Meta-analysis demonstrated 

that the hypothermia group had better neurological 

oucome than the normothermia group (RR=1.43, 95% 

CI 1.14–1.80) (Figure 2). Similarly, there was no 

heterogeneity from the outcome of survival to hospital 

discharge and meta-analysis indicated that therapeutic 

mild hypothermia had an improvement in survival 

to hospital discharge compared with normothermia 

(RR=1.32, 95% CI 1.08–1.63) (Figure 3). The following 
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Study or subgroup
Hypothermia Normothermia Risk ratio Risk ratio

Events Total Events Total Weight (%) M-H, fi xed, 95% CI M-H, fi xed, 95% CI

Bemard 2002 21 43 11 34 14.7 1.51 [0.85–2.68]

HACA 2002 81 137 62 138 74.1 1.31 [1.04–1.66]

Hachimil-ldrissi 2001 2 16 1 14 1.3  2.63 [0.31–22.46]

Kamarainen 2009 8 19 8 18 9.9 0.95 [0.45–1.98]

Total (95% CI) 215 204 100.0 1.32 [1.08–1.63]

Total events 113 82

Heterogeneity: Chi
2
=1.38, df=3 (P=0.71); I

2
=0%

Test for overall effect: Z=2.67 (P=0.008)

Figure 3. The effects of therapeutic mild hypothermia on surival to hospital discharge after cardiac arrest.

Favours normothermia     Favours hypothermia
0.01            0.1                 1                 10              100

plot for neurological recovery and survival to hospital 

discharge showed that there was no publication bias 

(Figure 4).

DISCUSSION
Across all the trials, a total of 417 patients who were 

successfully resuscitated from CA were included.
[10–13]

 Meta-

analysis demonstrated that therapeutic mild hypothermia 

improved neurological function and survival to hospital 

discharge compared with normothermia. Some clinical 

trials in China also showed that therapeutic mild 

hypothermia improved neurological function and long-

term prognosis in patients successfully resuscitated 

from CA.
[14,15]

 However, there was a shortage of high 

quality RCTs. At present, there is an argument on 

start of therapeutic mild hypothermia and duration of 

hypothermia. Bernard et al
[7]

 found that early initiation 

of rapid cooling, preferably in the fi eld soon after ROSC, 

could gain maximum benefits in both neurological 

outcome and survival. Another two interesting studies 

demonstrated that therapeutic mild hypothermia could 

improve neurological outcome and survival in patients 

after out-of-hospital VF although start of cooling 

was delayed for 4 to 8 hours.
[10,11]

 Similarly, it is very 

important for the duration of hypothermia. When the 

duration of cooling is too short, hypothermia could not 

significantly improve neurological outcome. On the 

contrary, long-term hypothermia might cause obvious 

adverse effects. The duration of mild hypothermia 

in all the trials except one was 3, 12, and 24 hours, 

respectively. The pooled results showed that therapeutic 

mild hypothermia significantly improved neurological 

outcome and survival after CPR, but did not signifi cantly 

increase the incidence of adverse events. Jadad scores 

of ≥3 among all four trials had three studies and Jadad 

scores of <3 had one study, indicating that three-fourths 

studies were of high quality. What's more, there was 

no heterogeneity and publication bias in all the trials. 

Therefore, the conclusion is more reliable and further 

supports the guidelines which recommend that mild 

hypothermia is applied in CA patients.

Therapeutic mild hypothermia protects brain against 

damage in multiple ways. The possible mechanisms of 

therapeutic hypothermia for neuroprotection include: 1) 

Therapeutic hypothermia can inhibit the biosynthesis, 

release and uptake of several catecholamines and 

neurotransmitters especially glutamate and dopamine 

leading to brain damage;
[16–21]

 2) It can preserve the 

blood brain barrier and adenosine triphosphate stores, 

restitute cerebral microcirculation after ischemia, 

decrease intracranial pressure and increase cerebral 

Figure 4. Funnel plot compares log relative risk (RR) versus the standard error of log RR for neurological outcome and survival to hospital discharge.
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brain blood flow;
[22–25]

 3) It also can reduce the amount 

of cell death in certain brain regions.
[26–30]

 Although 

therapeutic mild hypothermia benefits CA patients, 

adverse events caused by mild hypothermia should 

not be neglected. Adverse events reported in all trials 

included pneumonia, pulmonary edema, bleeding, 

need for platelet transfusions, sepsis, arrhythmia, 

recurrence of CA, renal failure or oliguria, hemodialysis, 

pancreatitis, and seizures. But there was no significant 

difference in adverse events between hypothermia and 

normothermia. Hence therapeutic mild hypothermia is 

safe and benefi cial for CA patients and should be largely 

popularized in clinical practice especially in China in 

future.

However, the study also suffers from several 

limitations including clinical and methodological 

heterogeneity, and less trials and cases. Different 

patient populations including etiology, setting and first 

recorded cardiac rhythm are included in four RCTs. Time 

from start of cooling to target temperature is largely 

different. At last, the target temperature and duration of 

hypothermia are different. Therefore, high quality studies 

and adequate cases should be required to further evaluate 

the effect of therapeutic mild hypothermia on subgroup 

such as non-defibrillation rhythm, in-hospital CA, etc. 

Another potential limitation of this meta-analysis is 

that the number of trial and the study size may have 

been inadequate. We predicted that the survival rate of 

hospital discharge in the normothermia group was 30%. 

For a power of 0.80 (α=0.05), assuming an improvement 

of 10% in survival rate of hospital discharge with mild 

hypothermia, 354 patients in each group would be 

required to detect the difference, and thus the study was 

underpowered.

In conclusion, based on the findings of four RCTs, 

therapeutic mild hypothermia improved neurological 

function and survival to hospital discharge in patients 

who were successfully resuscitated from CA. There 

was no signifi cant difference in reported adverse events 

between hypothermia and normothermia. Therefore, 

therapeutic mild hypothermia is safe and beneficial for 

CA patients.
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