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Targeted Temperature Management 
Techniques and outcome
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Abstract

Despite the recommendation by the American Heart Association (AHA 2015 guidelines), that 
targeted temperature management (TTM), with a temperature between 32°C and 36°C selected and 
achieved, then maintained constantly for at least 24 hours; on out of hospital cardiac arrest patients 
who remain comatose with return of spontaneous circulation; its clinical application remains low.

This review discusses the historical background in medical practice, the controversies 
regarding: the timing of the hypothermia, the proper temperature that should be achieved, the 
techniques to achieve the desired temperature and, eligible patients.

The conclusion is that further studies need to be conducted to find conclusive evidence for 
these controversies and to standardize the manner of TTM administration in clinical practice.

Introduction

The reported number of out-of-hospital cardiac arrest (OHCA) is 40 000 and 420 000 victims 
for out-of-hospital cardiac arrest (OOHCA) by the Canadian1 and American2 medical services 
respectively. Over the past 2 decades, multiple measures were taken to improve the outcome of 
the OOHCA resuscitation. Indeed, the survival rate increased to 10% of the OOHCA victims in 
20143 compared to 5.7% in 20064 in the USA. Despite this improvement, the in-hospital mortality 
rate is still considered extremely high5. Moreover, the majority of patients who successfully return 
to spontaneous circulation remain comatose6 and sustain neurologic injury7 which, in turn, is 
considered the most common cause of death in these patients.

In 2002, the publication of two landmark studies8,9 encouraged the administration of 
therapeutic hypothermia (TH) to improve the survival rate and the neurological outcome in 
patients who successfully return to spontaneous circulation after OOHCA. In 2010, the American 
Heart Association (AHA) adapted the use of TH in the post cardiac arrest guidelines providing 
recommendations for the administration of induced hypothermia to a temperature of 32-36 °C for 
patients who remain comatose after restoration of spontaneous circulation (ROSC) post OOHCA 
resuscitation10. The utilization of the targeted temperature management (TTM) was further 
recommended by the Canadian Critical Care Society (CCCS) and the Canadian Neurocritical Care 
Society (CNCCS) in the Canadian guidelines for the use of TTM after cardiac arrest which was 
published in 201511.

Despite the strong recommendations, the administration of TH remains remarkably low12. 
The concept TH has become an issue of controversy13 especially after the publication of TTM 
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trial by Neilsen et al. in 201314. Since then, extensive 
research was conducted trying to find answers for 
multiple questions regarding eligible patients, timing 
of administration, targeted temperature and cooling 
techniques. In this article, we will discuss the evolution 
of TH in clinical practice, detail the most relevant 
evidence behind the protocols of TH administration 
and refer to some other scenarios in which the use of 
TH was described in the literature.

Historical background

The concept of TH was known in medical 
practice since the beginning of the last century. One of 
the earliest uses of TH was to obtain circulatory arrest 
in order to perform surgeries on the heart and the brain. 
In 1949, doctor Wilfred Gordon was the first world’s 
surgeon who used hypothermia to achieve circulatory 
arrest when he performed an experimental open heart 
surgery on a dog15,16. Three years later, Doctor Floyed 
John Lewis was the first to apply this concept on 
humans when he performed an ASD repair, cooling his 
patient to 28 degreesC to obtain circulatory arrest16. 
After the invention of the cardiopulmonary bypass, 
however, the use of hypothermic circulatory arrest in 
the surgical field was limited to neurosurgeries and 
surgeries that include the aortic arch.

Despite its limited surgical application, the role 
of hypothermia in brain protection was still an issue of 
interest and studies on animal models showed optimistic 
results. Zimmerman et al. demonstrated a significant 
reduction in mortality among rabbits with cerebral 
injury in which hypothermia was administered17. 
Similar results were noted on humans by Williams et 
al. who reported the use of TH on four human patients 
who exhibited severe neurological injury after cardiac 
arrest, three of whom had complete recovery and the 
fourth demonstrated moderately severe neurological 
damage18.

Although the results of these studies created 
a general enthusiasm towards the administration of 
hypothermia after cardiac arrest, complications like 
bleeding, arrhythmias and even sepsis were repeatedly 
reported and mainly correlated with lower temperature 
degrees especially that the adapted temperature was 28 
degrees C during that period. Therefore, the concept 

of TH was not widely accepted until the emergence 
of two “landmark studies” in the literature which 
demonstrated significant improvement with the use of 
hypothermia after cardiac arrest in terms of survival 
rate and neurologic outcome8,9.

Timing of TH initiation

The issue of timing is one of the very important 
questions that were raised early on by doctor Peter 
Safar when he referred to the two landmark studies 
in his editorial of NEJM in 200219. Since then, many 
researchers have been desperately trying to find clear 
evidence that answers this question. Whereas experts 
strongly believe in the advantage of early cooling, 
many studies showed lack of benefit form pre hospital 
administration of hypothermia20,21. An animal study 
conducted by Nozari et al. showed a significant benefit 
from hypothermia in dogs who were cooled early 
after cardiac arrest22. Abella et al. went further and 
administered the hypothermia even before starting 
the CPR on experimental mice and their results were 
similar. 7/9 dogs in the early cooling group compared 
to 1/8 in late cooling survived after 96 hours; and 
6/10 mice who were cooled just before CPR initiation 
compared to 1/10 of delayed cooling survived after 
72 hours according to the above mentioned studies 
respectively23.

These animal models developed more interest in 
the early cooling, and the pre hospital administration of 
hypothermia in OOHCA was more encouraged. Many 
human studies with regards to pre hospital cooling 
emerged in the literature afterwards. In 2012, Diao 
et al. conducted a systematic review in which they 
included 5 RCTs involving 633 to assess the benefit 
of pre hospital cooling. The results of their meta-
analysis showed significantly lower temperatures upon 
admission in patients who received pre hospital cooling 
compared to patients who received in hospital TH or 
normothermia. However, no significant difference 
in mortality or favorable neurological outcome was 
found20. Kim et al. conducted a large RCT in 2014 
and found similar results. According to this study, the 
incidence of pulmonary edema was higher in the pre 
hospital cooling group although the mortality was not 
significantly different21.
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It is worthy of notice, however, that most of 
the studies obtained pre hospital cooling by the 
administration of IV cold normal saline infusion. 
Castren et al. on the other hand, used the transnasal 
evaporative method for pre hospital cooling and 
compared it to standard TH administration upon 
hospital arrival. The survival rate was 44 % in the pre 
hospital cooling versus 31 % in the control and the 
favorable neurologic outcome was 34 % versus 21 % 
respectively. Although the study was not adequately 
powered to detect significant difference in the mortality 
or the favorable outcome, its findings suggest that the 
negative results obtained by the other studies, which 
used the rapid cold saline infusion, might be correlated 
to the cooling method itself rather than the timing of 
hypothermia administration24. Theoretically, most 
experts believe that per hospital cooling is useful. 
However, the ideal method to apply it is not known 
yet, and the evidence behind it is still lacking.

Proper Targeted Temperature

In the old days, the researchers used moderate 
degrees of hypothermia in their trials. Most of the 
recent guidelines that included the administration of 
hypothermia in the post CPR care, however, adapted 
mild degrees of hypothermia (32-34 oC)10. These 
recommendations were based on the results of the 
landmark studies published in 20028,9. Both of the 
landmark studies, however, were cited for control bias as 
the control groups were not maintained normothermic 
but rather developed hyperthermia by 12 hours after 
initial resuscitation25. This issue led other researchers 
to question the actual reason behind the improved 
outcomes of the hypothermic groups. Nielsen et al. 
conducted large RCT randomizing OOHCA victims 
to receive targeted temperature management (TTM) 
of 33 oC compared to 36 oC14. Fever control measures 
were utilized to maintained normothermia in both 
groups until 72 hours after the intervention period. The 
results did not show any significant difference between 
the two groups. This refers to the reason behind the 
improved outcomes of hypothermia groups being the 
hyperpyrexia control rather than the hypothermia itself. 
Cronberg et al. looked specifically at the difference in 
the neurologic outcomes of 939 unconscious adults 

after CA of presumed cardiac cause randomizing them 
to receive TTM of either 33 oC or 36 oC respectively26. 
Using the Mini-Mental State Examination (MMSE) 
and the Informant Questionnaire on Cognitive Decline 
in the Elderly (IQCODE), the cognitive function 
assessment was almost similar in both groups. This, to 
our view, confirms the lack of benefit of hypothermia 
in improving the neurological outcome of such 
patients should hyperpyrexia be avoided. As a matter 
of fact, the most recent AHA guidelines released in 
2015 recommends the administration of TTM for the 
comatose adults with ROSC following OOHCA to a 
certain degree of temperature that ranges between 
32 oC and 36 oC, as long as this targeted temperature 
is constantly maintained for at least 24 hours and 
hyperpyrexia is prevented afterwards27.

Cooling methods

There are several techniques by which 
hypothermia can be achieved in the eligible post CA 
victims.

Broadly speaking, these techniques can be 
divided into invasive and non-invasive, each of which 
has its pros and cons. The invasive techniques include 
mainly the endovascular cooling methods like the use 
of endovascular catheters, venovenous hemodialysis 
and extracorporeal membrane oxygenation device 
(ECMO). These methods are found to be more 
effective in achieving targeted temperature and 
avoiding temperature variations during hypothermia 
administration28. However, the prohibitive cost of 
these techniques is considered a significant limitation 
to their use especially in the peripheral healthcare 
centers.

Although less effective in strictly controlling the 
targeted temperature, the conventional non-invasive 
techniques, i.e. surface cooling, are simpler to use 
especially with the lack of necessity of sophisticated 
setup or thorough experience. Few studies compared 
the effectiveness of surface cooling to invasive 
endovascular methods. Deye et al. randomized 400 
patients to receive TTM to 33 oC either by endovascular 
femoral devices or by basic external cooling. The 
results of the study showed that the time to achieve a 
temperature of 33 oC as well as the ability to control 
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temperature degrees were better in the endovascular 
group. As for the favorable outcome, the survival rate 
was 41.9 % in the endovascular group compared to 
38.1 % in the external cooling group and 36 % of the 
patients had no major neurologic damage compared 
to 28.4 % after 28 days in the endovascular and the 
external cooling groups respectively. Accordingly, 
the authors concluded that despite the shorter time 
to achieve hypothermia and the ability to strictly 
control the targeted temperature throughout the whole 
phases of TTM, the endovascular technique was not 
superior to surface cooling in terms of the favorable 
outcome29. Although the patients were cooled to 33 oC 
in Deye’s study, neither one of the groups showed a 
better survival rate than the survival rates obtained by 
Nielson’s trial whether it’s the 33 oC or the 36 oC as 
shown in Figure 1.

Pregnancy

The evidence about the use of TTM in the 
pregnant victims is limited to case reports only. In 
2008, Rittenberger et al. were the first authors to 
report the use of hypothermia on a 35 year old female 
CA victim in her 13th week of gestation. The patient 
was discharged home at day 6 with mild neurologic 
deficit and the baby was delivered via cesarean 
section at 39 weeks uneventfully30. Two years later, 
Wielb et al. reported a case of a 20 week pregnant 
victim who received therapeutic hypothermia which 

successfully preserved her neurologic function but led 
to delivery of stillborn fetus on the first day of hospital 
admission31. Two other cases were reported afterwards 
by Chauhan et al.32 and De Santis et al.33 in which 
the administration of hypothermia during pregnancy 
prevented significant neurologic injury to the mothers 
and was associated with very good fetal outcome at 
the same time. Despite the fetal demise in the second 
case, it is clearly evident that the administration of 
hypothermia is helpful in minimizing the neurological 
consequences in pregnant CA victims as concluded 
from the case reports mentioned above.

According to the 2010 AHA guidelines, the 
administration of hypothermia after cardiac arrest 
to the eligible comatose pregnant patients should be 
considered on individual basis34.

Pediatrics

The practice of therapeutic hypothermia after 
cardiac arrest on pediatric population was based 
on the results of the landmark clinical trials done 
in adults(2002), for no studies had been done in 
pediatrics. Recently, however, two randomized clinical 
trials assessing the efficacy of TTM administration on 
pediatric population emerged in the literature. In a 
small study, Scholefield et al. randomized 73 pediatric 
victims to receive targeted temperature management 
(hypothermia down to 34-32 oC) or standard temperature 
care (normothermia with degrees of less than 38 oC). 
Unfortunately, the study was not adequately powered 

Figure 1:
In Nielse'n trial, the survival rate was 
better in the 36 group (48%) than in 
any of the groups in Deye's trial (42% 
and 38% by cooling to 33oC in the 
endovascular and external groups 
respectively).
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to determine the difference in terms of hospital 
survival. However, it showed that the incidence of 
hyperthermia was almost similar in both groups after 
72 hours of initial hypothermia administration, and 
all the patients who experienced temperature of less 
than 32 oC died35. Moler et al. conducted a larger trial 
in which he randomized 295 children who remained 
comatose after OOHCA resuscitation to receive either 
hypothermia (to 33 oC) or normothermia (36.8 oC). The 
results showed no significant difference in the survival 
rate and neurologic outcome, with a survival rate by 1 
year of 38 % in the hypothermic group versus 29 % on 
the normothermic group36.

Based on the recent evidence obtained from 
the literature, the use of therapeutic hypothermia 
does not seem to be helpful in the OOHCA 
pediatric patients. It is worth to mention, however, 
that therapeutic hypothermia does have a role to 
play in the pediatric advanced life support. The 
administration of hypothermia to the neonates with 
cerebral encephalopathy has been studied by many 
researchers. Gluckman et al. reported in his RCT 
a survival improvement in the cooled infants who 
suffered from less severe EEG changes after neonatal 
encephalopathy37. Azzopardi et al. evaluated the effect 
of hypothermia on infants suffering from asphyxia 

encephalopathy by randomizing them to receive either 
hypothermia with intensive care or intensive care 
alone. Although the study failed to prove significant 
mortality reduction in the cooled group, it showed 
improvement in the neurologic outcomes among the 
neonates who eventually survived38.

Despite the positive results obtained by 
therapeutic hypothermia in neonates with cerebral 
encephalopathy, its role in the pediatric post cardiac 
arrest care needs to be further evaluated and proved 
by evidence before establishing recommendations to 
its administration for such kind of population.

Conclusion

The administration of TTM following ROSC for 
the patients who remain comatose after cardiac arrest 
has become a class A recommendation in the post 
resuscitation care according to the AHA guidelines10. 
However, many questions regarding the timing, eligible 
patients, the targeted temperature and the technique to 
achieve this targeted temperature still remain without 
clear evidence-based answer. Further studies need to 
be conducted to find conclusive evidence for these 
controversies and to standardize the manner of TTM 
administration in clinical practice.
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