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Meta Analysis

IntroductIon

Modern cardiopulmonary resuscitation (CPR) began in 
1960.[1] Incremental improvements in the survivorship from 
CPR occurred as more and more people were trained in CPR 
and as defibrillators became portable and were deployed in 
more locations. Unfortunately, a cascade of brain injury begins 
within minutes after cardiac arrest.[2] Finally, most people who 
had suffered from cardiac arrest did not survive to leave the 
hospital or did so in a neurological devastated state. In the early 
of 21st century, the survival rate of cardiac arrest outside of 
the hospital remained 7–8%.[3,4] About one‑quarter of patients 
regained pulses after CPR, and about one‑third of the patients 
with those initial successes survived hospitalization.

The severe brain defect after CPR stimulated many 
investigations into the pathophysiology of, and treatments 

for, global brain ischemia. For the protection of patient’s 
brain, mild hypothermia therapy has been proposed. 
In many animal experiments, hypothermia plays a 
protective role. For example, it can increase the survival 
rate and improve neurological function of animal.[5] 
Besides, it reduces metabolic rate and the expression of 
some pro‑apoptosis proteins.[6,7] In clinical trials, the 
effectiveness of hypothermia also has been proved.[8,9] 
Hence, 2010 American Heart Association Guidelines 
for Cardiopulmonary Resuscitation and Emergency 
Cardiovascular Care recommended,[10] comatose patients 
with out‑of‑hospital ventricular fibrillation cardiac 
arrest were cooled to 32–34°C for 12 or 24 h. However, 
recent years some other clinical trials showed that mild 
hypothermia cannot improve the prognosis of patients after 
CPR.[11] Therefore, we conducted a meta‑analysis of all 
relevant published studies to evaluate the effectiveness and 
safety of mild hypothermia on patients with cardiac arrest.
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Methods

Inclusion criteria and exclusion criteria
Studies were considered for inclusion if they met the 
following criteria: (1) All published randomized controlled 
trials (RCTs). (2) We included studies in adult patients 
who suffered from cardiac arrest and were successfully 
resuscitated. (3) The intervention was therapeutic mild 
hypothermia, no matter how to lower the body temperature. The 
temperature should remain between 32°C and 34°C. And the 
treatment for the control group was according to the standard 
treatment after cardiac arrest without hypothermia. (4) The 
primary outcomes were survival rate and neurological function 
recovery. The secondary outcomes were adverse events, such 
as rearrest, renal failure, pulmonary edema and so on. (5) The 
relative risks (RRs) with their corresponding 95% confidence 
intervals (CIs) were reported. Studies were considered for 
exclusion if they met the following criteria: (1) We excluded 
studies on children and pregnant women. (2) Cardiac arrest 
patients under the treatment of mild hypothermia received 
other drugs in combination therapy. (3) There was a history 
of central nervous system depressant drug medication prior 
to cardiac arrest.

Search strategy and data extraction
An extensive literature search was conducted using electronic 
databases, manual searching, and correspondence with authors 
of included studies. The Cochrane Library, PubMed, Web of 
Science, Embase, CNKI, and Wan Fang Data were searched 
from the date of their establishment to October 2014. There 
was no language restriction on the publications. The search 
strategy was based on free text words. Search terms used 
were “cooling,” “hypothermia,” “CPR,” “cardiac arrest” and 
“RCT.” Two reviewers independently reviewed the citations, 
abstracts, and full‑text articles and determined the eligibility 
of all the studies identified in the initial search. When the 
entire process was completed, the two cross‑checked with 
each other. In cases of disagreements, a third reviewer was 
consulted. The following details were extracted: Authors, 
year of publication, sample size, interventions, and outcomes.

Quality assessment
Assessment of the quality of the included studies was 
performed using the methodology recommended by 
Cochrane Collaboration.[12] This method comprised 
assessments of the risk of potential bias in six domains: 
Random sequence generation (correct, incorrect or unclear), 
allocation concealment (correct, incorrect or unclear), 
blinding of outcome assessment (correct, incorrect or 
unclear), incomplete outcome data (complete, incomplete 
or unclear), selective reporting (yes, no or unclear), other 
bias (yes, no or unclear), such as the baseline, source of 
funding, and academic biases. If all quality criteria were 
met, the trial was considered to have a low risk of bias 
(score: A). If one or more of the quality criteria were only 
partially met, the trial was considered to have moderate risk 
of bias (score: B), and if one or more criteria not met, the 
trial was considered to have high risk of bias (score: C).

Statistical analysis
Statistical analysis was performed using Review Manager 
Version 5.2 (Cochrane Collaboration, Oxford, UK) software. 
We conducted separate meta‑analysis according to different 
subgroups. The heterogeneity of the qualitative analysis was 
assessed by Chi‑square test, and the significant level was 
set to P = 0.1. We used I2 to conduct quantitative analysis 
of heterogeneity. The significant level was set to 50%. If 
P > 0.1, I2 < 50%, the different RCTs can be regarded as 
homogeneous. Pooled effect estimates were assessed using 
a fixed effects model. If P < 0.1, I2 ≥ 50%, the different 
RCTs can be regarded as heterogeneity. Pooled effect 
estimates were assessed using a random effects model. 
We used weighted mean deviation (WMD) and 95% CI to 
represent the continuous data. And the dichotomous data 
can be described by RR and 95% CI. A funnel plot was used 
to examine publication bias. An asymmetric funnel plot 
indicated publication bias.

results

Study selection process
A total of 1613 potentially relevant studies were identified 
from the following databases in our initial articles search: 
Two hundred and twenty‑six from PubMed, 412 from 
Embase, 161 from Cochrane Library, 292 from web of 
science, 245 from CNKI, 237 from Wan Fang Data. After 
screening the titles or abstracts, 1553 irrelevant or duplicate 
studies were excluded. The full text of the remaining 60 
studies was retrieved and assessed for eligibility. Of the 
retrieved studies, 54 studies were excluded because of 
other type of publications (review, case report, retrospective 
studies, prospective studies). Finally, a total of six studies 
met the inclusion criteria[13‑18] [Figure 1].

Characteristics of the studies
The six RCTs included 531 adult patients who suffered 
from cardiac arrest and were successfully resuscitated. 
The original articles compared the therapeutic effect under 
different conditions (hypothermia or normothermia). 
Outcomes included survival rate, neurological function, 
adverse events and so on. The basic characteristics of these 
studies are shown in Table 1.

Quality assessment of the included studies
(1) All of the six studies mentioned “random,” but only 
three studies described the method of generating a random 
sequence correctly. The other three studies did not describe 
how to generate random sequences. (2) Only two studies 
showed us they use a sealed envelope to conduct allocation 
concealment. The other four studies did not mention how 
to do allocation concealment. (3) Six studies mentioned 
blinding in which five studies were double‑blind. (4) All of 
the six studies described the case of which quit or lost to 
follow‑up. The number of quit or lost to follow‑up of each 
study were <20% of the total number. Hence, we considered 
the data integrity is good. The detail assessments are shown 
in Table 2.
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Figure 1: Flow diagram of the randomized controlled trials reviewed for this meta‑analysis.

Table 1: Characteristics of the RCTs included in the meta‑analysis

Studies Sample size 
(treatment/control)

Rhythm Interventions Outcomes

Treatment Control
Kämäräinen 
et al. (2009)

19/18 VF pulseless 
electrical 
activity

Cooling with 4°C intravenous infusion. 
Target temperature was 33°C. Duration 
of hypothermia was 12 h

Normothermia Survival rate, 
neurological 
function, rearrest

Hypothermia after 
Cardiac Arrest 
Study Group (2002)

137/138 VF Cooling with hypothermic blanket. 
Target temperature was 32–34°C. 
Duration of hypothermia was 24 h

Normothermia Survival rate, 
neurological 
function, rearrest, 
renal failure

Hachimi‑Idrissi 
et al. (2001)

16/14 CA Cooling with helmet. Target temperature 
was 32–34°C. Duration of hypothermia 
was 3 h

Normothermia Survival rate, 
neurological 
function, renal 
failure

Bernard 
et al. (2002)

43/34 VF Cooling with ice packs. Target 
temperature was 32–34°C. Duration of 
hypothermia was 12 h

Normothermia Survival rate, 
neurological 
function, rearrest

Laurent 
et al. (2005)

22/20 VF, CA Direct external cooling of the blood. 
Target temperature was 32–34°C. 
Duration of hypothermia was 24 h

Normothermia Survival rate, 
neurological 
function, rearrest

Tiainen 
et al. (2003)

36/34 VF Cooling with ice packs and a cooling 
device. Target temperature was 32–34°C. 
Duration of hypothermia was 24 h

Normothermia Survival rate, 
neurological 
function

RCTs: Randomized controlled trials, VF: Ventricular fibrillation, CA: Cardiac arrest.

Table 2: The methodological quality of the RCTs included in the meta‑analysis

Studies Random sequence 
generation

Allocation 
concealment

Blinding Incomplete 
outcome data

Selective 
reporting

Other 
bias

Quality 
level

Kämäräinen et al. (2009) Unclear Unclear Correct Complete No No B
Hypothermia after Cardiac 

Arrest Study Group (2002)
Correct Correct Correct Complete No No A

Hachimi‑Idrissi et al. (2001) Correct Incorrect Correct Complete No No C
Bernard et al. (2002) Incorrect Incorrect Correct Complete No No C
Laurent et al. (2005) Correct Correct Correct Complete No No A
Tiainen et al. (2003) Unclear Unclear Unclear Complete No No B
RCTs: Randomized controlled trials.

Impact of mild hypothermia on survival rate of patients 
with cardiac arrest
The survival rate of patients who suffered from cardiac arrest 

and were successfully resuscitated is one of the primary 
outcomes which we concerned. All of the six studies reported 
the survival rate in which three studies[13‑15] reported survival rate 
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at hospital discharge (subgroup 1), the other three studies[16‑18] 
reported survival rate after 6 months (subgroup 2). There was no 
heterogeneity from the outcome in subgroup 1 (P = 0.50, I2 = 0) 
and subgroup 2 (P = 0.32, I2 = 12%). A fixed effects model 
was used to analyze. The pooled results showed [Figure 2] no 
significant difference in the survival rate at hospital discharge 
between treatment group and control group (RR = 1.35, 95% 
CI: 0.87–2.10, P = 0.18). However, there was significant 
difference in the survival rate after 6 months (RR = 1.23, 95% 
CI: 1.02–1.48, P = 0.03). Summarized the above six studies, 
no heterogeneity among them (P = 0.60, I2 = 0), and the 
pooled results showed hypothermia does improve the survival 
rate (RR = 1.25, 95% CI: 1.05–1.49, P = 0.01).

Impact of mild hypothermia on neurological function of 
patients with cardiac arrest
The neurological function of patients who suffered from 
cardiac arrest and were successfully resuscitated is another 
primary outcome which we concerned. In clinical, cerebral 
performance category (CPC) scale was often used to assess 
neurological function. The CPC scale ranges from 1 to 5, 
with 1 representing good cerebral performance (conscious, 
alert, capable of normal life) or minor disability which do 
not significantly compromise cerebral or physical function, 
2 moderate cerebral disability (function is sufficient for 
independent activities of daily life), 3 severe cerebral 
disability, dependent on others for daily life support, 4 coma 
or vegetative state (not conscious, unaware of surroundings, 
no cognition), and 5 brain death. Included studies considered 
CPC 1–2 as good neurological recovery and CPC 3–5 as bad 
neurological recovery. Hence, these data can be converted 
to dichotomous data. All of the six studies reported the 
neurological function in which three studies[13‑15] reported 

neurological function at hospital discharge (subgroup 3), 
the other three studies[16‑18] reported neurological function 
after 6 months (subgroup 4). There was no heterogeneity 
from the outcome in subgroup 3 (P = 0.30, I2 = 18%) and 
subgroup 4 (P = 0.23, I2 = 31%). A fixed effects model 
was used to analyze. The pooled results showed [Figure 3] 
no significant difference in the neurological function at 
hospital discharge between treatment group and control 
group (RR = 1.53, 95% CI: 0.95–2.45, P = 0.08). However, 
there was significant difference in the neurological function 
after 6 months (RR = 1.33, 95% CI: 1.08–1.65, P = 0.007). 
Summarized the above six studies, no heterogeneity 
among them (P = 0.38, I2 = 6%), the pooled results 
showed hypothermia does improve the neurological 
function (RR = 1.37, 95% CI: 1.13–1.66, P = 0.001).

Adverse events of mild hypothermia
In the included studies, only four studies[13,15‑17] mentioned 
rearrest. Meta‑analysis [Figure 4] demonstrated mild 
hypothermia does not influence the incidence of 
rearrest (RR = 1.19, 95% CI: 0.87–1.61, P = 0.27). Another two 
studies[14,16] mentioned the renal failure. The result [Figure 5] 
showed no significant difference between treatment group 
and control group (RR = 0.88, 95% CI: 0.48–1.61, P = 0.68). 
Other adverse events such as pulmonary edema, pneumonia, 
bleeding, showed the same results (data not shown). Because 
only a single article mentioned the above adverse events, we 
did not put them into meta‑analysis.

Bias of publication and Sensitivity analysis
A funnel plot was used to examine publication bias. Figure 6 
shows us the funnel plot is relative symmetric. And it 
indicated that there is almost no bias of publication. Most 
studies at the top of the funnel plot, it meant the studies’ 

Figure 2: Summary of data on survival rate for mild hypothermia versus normothermia.
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CI is narrow and their precision is high. To evaluate the 
influence of any single study on the pooled RR and CI, we 
performed a sensitivity analysis. We omitted two high‑risk 
studies[13,14] from the overall analysis, the pooled RR (95% 
CI) ranged from 1.25 (1.05–1.49) to 1.21 (1.01–1.45) for 
studies reporting the RRs by survival rate and from 1.37 
(1.13–1.66) to 1.30 (1.06–1.59) for studies reporting the RRs 
by neurological function. Sensitivity analysis demonstrated 
our results of the meta‑analysis are stable.

dIscussIon

As the CPR technology became more and more mature, a 
growing number of patients with cardiac arrest were saved. 
And cerebral resuscitation was the key point after CPR.[19] 
Promotion and application of mild hypothermia therapy 
was a major advance in this field.[20] In the half past century 
especially the last 10 years, hypothermia is the only method 
that approved by a large amount of clinical trials[21,22] which 
can improve the prognosis of patients. But most trials in this 

field are single center and small sample size. Meta‑analysis 
can evaluate the effectiveness and safety of hypothermia 
which results are quite credible. In this study, we used 
meta‑analysis to integrate these different independent 
researches, in order to get more reliable analysis about the 
efficacy of mild hypothermia for the treatment of patients 
with cardiac arrest.

For patients rescued from cardiac arrest, we pay most 
attention to their prognosis. The survival rate and 
neurological function are the two most important indicators. 
The data of three studies[13‑15] were measured at hospital 
discharge, the other three were measured after 6 months.[16‑18] 
In order to avoid the heterogeneity first we analyzed the 
data by subgroups. The mild hypothermia therapy can not 
improve survival rate and neurological function at hospital 
discharge. However, it can improve the prognosis of patients 
after 6 months. We speculated the possible reasons are as 
follows: (1) Whole‑body hypothermia influences all organ 
systems, and any potential benefit should be balanced against 

Figure 3: Summary of data on neurological function for mild hypothermia versus normothermia.

Figure 4: Summary of data on re‑arrest for mild hypothermia versus normothermia.
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Figure 5: Summary of data on renal failure for mild hypothermia versus normothermia.

Figure 6: Funnel plot compares log relative risk (RR) versus the standard error of log RR for survival rate and neurological function (○: At hospital 
discharge; ◇: At 6 months).

possible side effects; (2) In clinical treatment, combination 
hypothermia with many other drugs may bring about some 
unknown influences, for example it will reduce the rate 
of drug metabolism and so on; (3) Hypothermia revives 
neurons is a long and slow process, for some other reasons 
patients die before neurons recovery. Then we analyzed 
the integrated data regardless of subgroups. Fortunately, 
the homogeneity among the six studies was pretty good. 
The pooled results showed us that mild hypothermia does 
improve survival rate and neurological function of patients 
with cardiac arrest.

Hypothermia now is widely used in clinical. There are many 
ways to induce hypothermia. For example: Hypothermic 
blanket, ice packs, cold saline intravenous infusion and so 
on. All of them can reach the target temperature very well. 
At present, there is an argument on starting of therapeutic 
mild hypothermia. Some studies[23,24] demonstrated the 
early initiation of rapid cooling gain maximum benefits. 
However, some other studies[25] or meta‑analysis[26] hold the 
view that early initiation of rapid cooling cannot improve 
the prognosis. So when to induce hypothermia need to be 
further studied. Hypothermia can play a protective role of 
the neuron in a variety of ways. The possible mechanisms 
include: (1) Hypothermia can reduce cerebral oxygen 
consumption and energy metabolism;[27] (2) It can reduce 
reactive oxygen species generation and release of excitatory 
amino acids;[28] (3) It also can preserve the integrity of 
the blood‑brain barrier, regulate the gene expression of 
inflammatory protein and apoptotic proteins and reduce 
cell death.[29,30] Although there are many advantages of 
mild hypothermia, we should not ignore the side effects. 

In the included six studies, the main adverse events were 
re‑arrest, renal failure, pulmonary edema and so on. And 
there was no significant difference between hypothermia 
and normothermia. Hence, we drew a conclusion mild 
hypothermia therapy for cardiac arrest patients is safe.

However, the study also suffers from several limitations: 
(1) The number of trial and the study size may be inadequate. 
Therefore, the precision of the outcome parameters obtained 
is generally low; (2) Another potential limitation of this 
meta‑analysis is clinical and methodological heterogeneity. 
According to the six studies, we knew cardiac arrest patients 
with different first recorded cardiac rhythm are included. 
Besides, the time from start of cooling to target temperature 
was different, the duration of keeping hypothermia was 
different and the methods of cooling body temperature 
were also different in these studies. All of the above factors 
would lead to inaccurate results. In this meta‑analysis, 
we conducted a subgroup analysis according to different 
situations, although there was almost no heterogeneity. But 
in order to get more accurate results, further research should 
include high‑quality studies to analyze the impact of different 
cooling measures or different hypothermia duration on the 
survival rate and neurological function.

In conclusions, this meta‑analysis demonstrated mild 
hypothermia cannot improve survival rate and neurological 
function of patients at hospital discharge. But it can improve 
survival rate and neurological function after 6 months. The 
pooled results showed mild hypothermia does improve 
prognosis of patients. And it does not influence the incidence 
of adverse events compared with the control group.
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