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Therapeutic Hypothermia: Is It Effective 
for Non-VF/VT Cardiac Arrest? 

C. Sandroni, F. Cavallaro, and M. Antonelli 

 

 
Introduction 

Sudden cardiac death represents a major health problem. In adults, the prevalence 
of out-of-hospital cardiac arrest (OHCA) attended by the emergency medical ser-
vices (EMS) ranges from 52 to 112 per 100,000 person-years in developed coun-
tries [1], whereas the prevalence of adult in-hospital cardiac arrest (IHCA) ranges 
from 1 to 5 per 1,000 patient admissions [2]. 

Mortality from cardiac arrest exceeds 90 % in OHCA [1, 3] and 70 % in most 
studies on IHCA [4–6]. Patients who have a shockable rhythm, i. e., ventricular 
fibrillation (VF) or pulseless ventricular tachycardia (VT), on initial electrocardio-
gram (EKG) have a consistently higher survival than those whose initial cardiac 
rhythm is non-shockable, i. e., asystole or pulseless electrical activity (PEA). 

More than two-thirds of initially resuscitated patients die before hospital dis-
charge [7, 8]. The major causes of hospital mortality are post-resuscitation brain and 
myocardial dysfunction [9, 10]. Mild therapeutic hypothermia can reduce the sever-
ity of post-resuscitation brain injury and improve survival in patients who remain 
comatose after resuscitation from cardiac arrest. In 2002, two randomized clinical 
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trials showed improved neurological outcome [11, 12] in a total of 350 comatose 
adults resuscitated from OHCA who were cooled to 32–34 °C for 12–24 hours 
shortly after recovery of spontaneous circulation. The largest of these trials [12] 
also showed a significant reduction in mortality within six months in patients 
treated with mild therapeutic hypothermia. Both these trials included only patients 
who had VF/VT as the initial rhythm. 

Based on these results, subsequently confirmed by a meta-analysis [13], the In-
ternational Liaison Committee on Resuscitation (ILCOR) recommended in 2003 
the use of mild therapeutic hypothermia for all comatose survivors after OHCA 
due to VF/VT [14]; this recommendation was confirmed in the current 2010 
Guidelines for Cardiopulmonary Resuscitation [15]. However, only 25–30 % of 
OHCA patients have VF/VT as the initial recorded cardiac rhythm [1], and this 
percentage has decreased in recent years [16, 17], partly because of the advent of 
implantable cardioverter-defibrillators for the prevention and treatment of patients 
at risk of lethal arrhythmias [18]. The prevalence of VF/VT rhythms in IHCA does 
not exceed 25–30 % either [2]. For the remaining 70–75 % of patients who under-
go cardiac arrest with non-VF/VT rhythms, indications for receiving therapeutic 
hypothermia after resuscitation are less clear. 

Hypothermia for Non-VF/VT Cardiac Arrest 

The evidence on whether use of mild therapeutic hypothermia could improve 
prognosis in comatose patients resuscitated from non-VF/VT cardiac arrest is 
sparse. We identified 15 observational studies (Table 1) and 2 randomized trials. 

Randomized Clinical Trials 

Use of mild therapeutic hypothermia for the treatment of patients resuscitated 
from non-VF/VT cardiac arrest has been described in two randomized trials, even 
though neither was specifically designed to assess the benefit of mild therapeutic 
hypothermia in this patient population. One trial was a feasibility study on a hel-
met device for inducing hypothermia after resuscitation [19], the other examined 
the effect of isovolemic high-volume hemofiltration alone or combined with mild 
therapeutic hypothermia to improve survival after cardiac arrest [20]. These trials 
included a total of only 44 patients with non-VF/VT rhythms. Within this small 
subgroup, patients treated with mild therapeutic hypothermia had a higher survival 
rate at six months than did controls (5/22 vs. 2/22; risk ratio [RR] for mortality 
0.85 [0.65–1.11] p = 0.24). 
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Observational Studies 

A series of observational studies evaluated the effects of mild therapeutic hypo-
thermia in non-VF/VT patients (Table 1). In a retrospective analysis from Oddo 
et al. [21] of a database on the implementation of mild therapeutic hypothermia in 
an intensive care unit (ICU), the rates of good neurological outcome (Cerebral 
Performance Category [CPC] 1–2 [22]) in a small subgroup of patients resusci-
tated from non-VF/VT arrest and treated with mild therapeutic hypothermia was 
not significantly better than that of historical controls (2/12 vs. 1/11; p = 0.99). 

In 2007, the results of the European Resuscitation Council Hypothermia After 
Cardiac Arrest Registry (HACA-R) were published [23]. This multicenter obser-
vational study included data from 19 participating centers on 587 patients resusci-
tated from cardiac arrest, around 18 % of which had occurred in hospital. The non-
FV/VT subgroup included 197 subjects, 124 (63 %) of whom were treated using 
mild therapeutic hypothermia. The rate of survival to hospital discharge was sig-
nificantly higher in mild therapeutic hypothermia-treated patients (45/124 (35 %) 
vs. 14/73 (19 %); p = 0.023). The rate of the combined endpoint of death (CPC = 5) 
and poor neurological outcome (CPC 3–4) was also lower – although not signifi-
cantly – in the mild therapeutic hypothermia group (89/124 [71 %] vs. 59/73 
[81 %] p = 0.21). In this study, only univariate analysis was performed, so no cor-
rection was made for pre- and intra-arrest potential confounders. Another limita-
tion was the risk of selection bias, because the choice of using hypothermia in a 
given patient was left to the discretion of the treating physician. 

In 2009, a large, retrospective study by Don et al. [24] on implementation of 
mild therapeutic hypothermia in a community hospital during a five year-period 
was published. The study included a total of 491 patients with OHCA with all 
rhythms, of whom 313 (74 %) had non-VF/VT cardiac arrest. Patients enrolled 
after implementation of the therapeutic hypothermia protocol were compared with 
historical controls. Results showed that whereas in patients with VF/VT the hypo-
thermia period was associated with significantly higher rates of survival to hospital 
discharge and favorable neurological outcome as compared to the pre-hypothermia 
period (44/81 [54.3 %] vs. 36/93 [38.7 %]; p = 0.04 and 28/81 [34.6 %] vs. 14/93 
[15 %]; p = 0.01, respectively), there were no significant improvements in patients 
resuscitated from non-VF/VT rhythms (26/122 [21 %] vs. 37/191 [19 %], p = 0.78 
and 14/122 [11 %] vs. 17/191 [9 %], p = 0.82, respectively). Moreover, results of 
multivariable analysis showed a slight trend towards a worse outcome for the mild 
therapeutic hypothermia period in patients with non-VF/VT rhythms (favorable 
neurological outcome odds ratio [OR] 0.82 [0.41–1.60]; survival to discharge 
OR 0.92 [0.37–2.32]). 

Other smaller observational studies on mild therapeutic hypothermia were car-
ried out between 2006 and 2009 [25–30]. None of these studies was designed to 
specifically investigate the association between mild therapeutic hypothermia and 
prognosis of non-VF/VT rhythms. The majority of these studies documented a non-
significant trend towards better outcome when mild therapeutic hypothermia was 
used in patients with non-VF/VT cardiac arrest. 
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A recent systematic review and meta-analysis by Kim et al. [31] evaluated the 
two randomized studies reported above and 12 non-randomized studies for a total 
of 1,336 non-VF/VT patients, 412 (30.8 %) of whom were treated using mild thera-
peutic hypothermia. The quality of evidence was assessed using the GRADE 
methodology [32]. The results showed that the quality of evidence in all studies 
was very low. Most of the studies had substantial risks of bias and 9/12 had a high 
degree of imprecision, because of their small sample size. Pooled data from the two 
small randomized studies showed a non-significant trend toward a lower 6-month 
mortality with mild therapeutic hypothermia (RR 0.85 [0.65–1.11]). Meta-analysis 
of the 12 observational studies showed a significant reduction in hospital mortality 
(RR 0.84 [0.78–0.92]) and a non-significant trend towards better neurological out-
come (RR for poor neurological outcome 0.95 [0.90–1.01]) after mild therapeutic 
hypothermia. The authors concluded that mild therapeutic hypothermia was asso-
ciated with reduced in-hospital mortality for adult patients resuscitated from non-
shockable cardiac arrest, but also suggested caution in interpreting the results, 
given a substantial risks of bias and the low quality of the evidence. 

Results of the Most Recent Studies 

Three very recent studies that were not included in the systematic review by Kim 
et al. [31] reported conflicting results on the potential benefit of mild therapeutic 
hypothermia in patients with non-VF/VT cardiac arrest. A first study by Dumas 
et al. [33] reported data from a prospective French database including 1,145 OHCA 
patients, 437 of whom were non-VF/VT patients. The association between mild 
therapeutic hypothermia and good neurological outcome at discharge (CPC 1 or 2) 
was quantified by logistic regression analysis. Mild therapeutic hypothermia was 
induced in 457/708 (65 %) patients with VF/VT and in 261/437 (60 %) with non-
VF/VT. After adjustment for confounders, the results showed that whereas mild 
therapeutic hypothermia was associated with a significantly better neurological 
outcome at discharge in VF/VT patients, there was a trend towards a worse out-
come in non-VF/VT patients (OR 1.90 [1.18–3.06] vs. 0.71 [0.37–1.36]). 

Another prospective single-center observational study was conducted by Storm 
et al. [34] in a university hospital setting with historical controls. The paper enrolled 
387 consecutive patients with all rhythms who had been admitted to the ICU after 
cardiac arrest. Mild therapeutic hypothermia was induced in 201 patients (87 with 
non-VF/VT), who were compared with 186 historical controls (88 with non-
VF/VT). Univariate analysis showed a non-significant trend towards better neuro-
logical outcome in non-VF/VT patients treated with mild therapeutic hypothermia 
(24/87 [27.8 %] vs 16/88 [18 %], p = 0.17). On Cox regression analysis, however, the 
risk for poor neurological outcome at discharge in the two groups was almost identi-
cal (hazard ratio [HR] 0.98 [0.53–1.50]). Kaplan-Meier analysis revealed no differ-
ences in 90-day survival with or without mild therapeutic hypothermia (p = 0.82). 



332 C. Sandroni et al.  

Finally, a recent small single-center observational study by Lundbye et al. [35] 
compared neurological outcome and survival at hospital discharge in 52 non-
VF/VT cardiac arrest patients treated using mild therapeutic hypothermia com-
pared with 48 historical controls who did not receive mild therapeutic hypother-
mia. In contrast with the previous two studies, the rates of good neurological out-
come (15/52 [29 %] vs. 6/48 [13 %]; p = 0.021) and survival to discharge (20/52 
[38 %] vs. 9/48 [19 %]; p = 0.03) were significantly higher in patients treated with 
mild therapeutic hypothermia. These results were confirmed after controlling for 
confounders using binomial logistic regression (OR 4.35 [1.10–17.24], p = 0.04 
and OR 5.65 [1.66–19.23], p = 0.006, respectively). 

The Forest plots in Fig. 1a, b summarize the results of 12 observational studies 
reporting survival to discharge (1,581 patients, Fig. 1a) and of 13 observational 
studies reporting neurological outcome (1,998 patients, Fig. 1b). Data pooled ac-
cording to a fixed effect model show a significant reduction in the RR for hospital 
mortality (0.88 [0.82–0.95]) and a smaller but significant reduction in RR for poor 
neurological outcome (0.95 [0.90–0.99]) in patients treated using mild therapeutic 
hypothermia. However, in spite of pooled results favoring treatment, the effect is 
not consistent, with large studies showing increased RR for poor neurological out-
come associated with use of mild therapeutic hypothermia [33] (Fig. 1b). 

In comparison with the results of randomized trials in VF/VT patients [36], 
analysis of the available evidence shows that use of mild therapeutic hypothermia 
in comatose patients resuscitated from non-VF/VT cardiac arrest is associated 
with a small effect size, particularly as regards neurological outcome, with several 
studies [24, 30, 33, 37, 38] suggesting no effect or even a possible harm from mild 
therapeutic hypothermia. There are many possible explanations for this observa-
tion. One explanation could be that patients who undergo a cardiac arrest with 
non-VF/VT rhythms represent a more heterogeneous population as compared to 
those with a VF/VT arrest. Sudden death due to VF/VT is usually the result of 
cardiac causes, such as arrhythmia or acute myocardial ischemia, whereas non-
VF/VT rhythms (asystole or PEA) have a wider variety of causes, such as hy-
poxia, hypovolemia, sepsis, pulmonary thromboembolism, or cardiac tamponade. 
These causes are often associated with major comorbidities, which could reduce 
the chances of patient survival after resuscitation, regardless of the protective 
effect of mild therapeutic hypothermia. Moreover, cardiac arrest from these causes 
is often preceded by generalized hypoxia or hypoperfusion, which may further 
worsen cerebral anoxic damage. Finally, since asystole represents the final evolu-
tion of all cardiac arrest rhythms, its presence may indicate a long collapse-to-
resuscitation interval and/or poor or absent bystander resuscitation, both of which 
are associated with a high risk of irreversible neurological damage. In some stud-
ies, therefore, non-VF/VT patients could have been simply too ill to benefit from 
mild therapeutic hypothermia. 

Heterogeneity observed in study results may also be explained by differences in 
case mix and in cooling protocols. For example, some studies included only 
OHCA patients, whereas others included both IHCA and OHCA (see Table 1). 
Two of the studies that documented lack of benefit from mild therapeutic hypo-
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thermia used the external surface cooling method, which may require longer times 
to achieve the target temperature than with intravascular cooling. 

Finally, apart from two trials with minimal sample sizes, all the published stud-
ies on mild therapeutic hypothermia for non-VF/VT arrest are observational. This 
makes controlling of confounders extremely difficult to achieve and introduces 
further sources of bias. Studies in which the control group was represented by 
concurrent patients not treated using mild therapeutic hypothermia are prone to 
selection bias, and in those with historical controls, the results may reflect secular 
trends in patient or disease characteristics or changes in resuscitation practice 
rather than the effect of the study intervention. 

To be correctly addressed, the question as to whether mild therapeutic hypo-
thermia may be beneficial in patients with asystole or PEA as the initial cardiac 
rhythm will require a purposely designed, high-quality randomized controlled trial. 
However, in order to demonstrate an increase in survival from 25 % to 30 % with 

a

b

hypothermla

Model Studyname Dead/Total Statistics for each study MH  risk ratio and 95% Cl 

No  MH risk    Lower     Upper
Hypothermla ratio  Iimit  Iimit

Holzer 2006 [27] 14/28 311/506 0.814 0.558 1.186
Oddo 2006 [21] 10/12 10/11 0.917 0.669 1.256
Heer 2007 [26] 7/10 6/8 0.933 0.528 1.650
Sunde 2007 [29] 4/6 9/9 0.677 0.383 1.197
Arrich 2007 [23] 79/124 59/73 0.788 0.663 0.938
Rittenberger 2008 [38] 35/42 32/39 1.016 0.832 1.240
Storm 2008 [28] 6/18 16/31 0.646 0.309 1.349
Don 2009 [24] 96/122 154/191 0.976 0.869 1.096
Whitfield 2009 [30] 12/15 10/13 1.040 0.704 1.537
Bro-Jeppesen 2009 [25] 20/27 19/21 0.819 0.630 1.065
Storm 2012 [34] 51/87 56/88 0.921 0.727 1.167
Lundbye 2012 [35] 32/52 39/48 0.757 0.587 0.977

Fixed 366/543 721/1038 0.883 0.820 0.950

0.5 1 2

0.5 1 2

Hypothermia No hypothermia

Hypothermia No hypothermia

Model    Studyname Bad outcome/Total Statistics for each study MH risk ratio and 95 % Cl
No MH risk Lower Upper

Hypothermia  ratio Iimit

Holzer 2006 [27] 20/28 378/506 0.956 0.752 1.215
Oddo 2006 [21] 10/12 11/11 0.843 0.630 1.127
Sunde 2007 [29] 5/6 9/9 0.827 0.548 1.249
Arrich 2007 [23] 89/124 59/73 0.888 0.759 1.039
Rittenberger 2008 [38] 38/42 35/39 1.008 0.873 1.165
Storm 2008 [28] 9/18 24/31 0.646 0.392 1.064
Don 2009 [24] 108/122 174/191 0.972 0.899 1.050
Whitfield 2009 [30] 12/15 9/13 1.156 0.743 1.798
Derwall 2009 [37] 9/13 10/15 1.038 0.624 1.728
Gaieski 2009 [39] 6/9 8 /9 0.750 0.447 1.257
Dumas 2011 [33] 223/261 146/176 1.030 0.947 1.120
Storm 2012 [34] 63/87 72/88 0.885 0.752 1.042
Lundbye 2012 [35] 37/52 42/48 0.813 0.664 0.997

Fixed 629/789 977/1209 0.946 0.902 0.992

hypothermia Iimit

 

Fig. 1 Forest plot of risk ratio for mortality a and poor neurological outcome b in observational 
studies of patients resuscitated from non-VF/VT cardiac arrest. Data were partially reproduced 
from [31] with Author’s permission 
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a 0.05 risk of a type-1 error (alpha) and a 0.20 risk of type-II error (beta) using 
univariate analysis, a minimum of 1,100 patients resuscitated from non-VF/VT 
would be required. Such a large sample size would be difficult to collect, consider-
ing that only about 10 % of patients resuscitated from cardiac arrest of all rhythms 
survive to hospital admission [8]. Moreover, this trial may even raise ethical issues, 
since pooled results from observational studies suggest a modest but significant 
benefit from mild therapeutic hypothermia in non-FV/VT cardiac arrests. 

Conclusions 

Non-VF/VT are the most common initial cardiac rhythms recorded in both in-
hospital and out-of-hospital cardiac arrests. Unfortunately, patients with non-VF/ 
VT rhythms also represent the majority of those who die despite resuscitation, 
and interventions able to improve the prognosis of this patient category are eager-
ly awaited. Whereas mild therapeutic hypothermia has been consistently demon-
strated to improve outcomes after VF/VT cardiac arrest, its use in patients with 
non-VF/VT arrest has produced conflicting results. Pooled data from available 
studies show that the use of mild therapeutic hypothermia for 24 hours in coma-
tose patients resuscitated from non-VF/VT arrest was associated with a 15 % re-
duction in hospital mortality and with a minimal, albeit significant improvement in 
neurological outcome at discharge. The quality of evidence supporting these re-
sults, however, is very poor, since it is based almost exclusively on observational 
studies, most of which were not specifically designed to evaluate the benefit of 
mild therapeutic hypothermia in non-VF/VT patients. Randomized controlled trials 
of adequate sample size are necessary to address this question. 
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