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Despite advances in perinatal care, moderate to severe acute 
perinatal hypoxic ischemic encephalopathy (HIE) in late 

preterm and term infants remains an important cause of mortality 
and acute neurological injury with subsequent long-term 
neurodevelopmental disabilities (1). The risk of disability and 
impaired cognitive development correlates with the severity of 
HIE (1,2). A mild reduction in brain temperature, of 2°C to 4°C, 
initiated within 6 h after birth, was the first therapy to demon-
strate neuroprotection in newborn animals. Subsequently, in large 
randomized clinical studies, infants treated with cooling experi-
enced significantly decreased mortality and improved neurodevelop-
mental outcomes (3-9). The present practice point summarizes the 
current evidence and issues related to the use of hypothermia for 
neuroprotection in neonates with HIE. The incidence of HIE is 
approximately 1/1000 to 6/1000 live births. HIE is often unantici-
pated, and many infants are initially cared for in community hos-
pitals. It is important therefore, that those involved in caring for 
these infants – family physicians, community paediatricians and 
neonatologists – recognize when cooling may be beneficial.

Impaired cerebral blood flow, in the setting of hypoxia, is the 
main mechanism causing brain injury following intrapartum 
hypoxia-ischemia (1,2,10). At the cellular level, hypoxia-ischemia 
results in two phases of energy failure. The primary phase follows the 
reduction in blood flow and oxygen supply with a fall in ATP, failure 
of the Na+/K+ pump, depolarization of cells, lactic acidosis, release 
of excitatory amino acids, calcium entry into the cell and, if severe, 
cell necrosis (1,2,10). Following resuscitation and reperfusion, there 
is a latent period with normalization of oxidative metabolism lasting 

6 h to 12 h, which is the therapeutic window for neuroprotective 
interventions. The secondary phase of energy failure develops at 
12 h to 36 h, and may last seven to 14 days with initiation of apop-
tosis, mitochondrial failure, cytotoxic edema, accumulation of 
excitatory amino acids and release of free radicals terminating in cell 
death (1,2,10). This secondary phase is associated with worsening of 
HIE and correlates with poor outcomes (1,2).

Therapeutic mild hypothermia’s mechanism of protection is 
multifactorial and is attributed to a broad inhibitory activity 
against a variety of harmful cell processes. The beneficial effects of 
mild hypothermia include amelioration of apoptosis, decreased 
loss of high-energy phosphates, reduced oxygen consumption, 
reduced release of nitric oxide, glutamate, free radicals and excita-
tory amino acid neurotransmitters, and the induction of genes that 
reduce neuronal death (1,3,4).

Brain hypothermia can be achieved safely using either selective 
head cooling with mild systemic hypothermia (temperature 34°C 
to 35°C) (6,8) or total body cooling (7,9). The Cochrane review 
of cooling for newborns with moderate and severe HIE analyzed 
eight trials that utilized both methods of cooling and concluded 
that hypothermia reduced the combined outcome of mortal-
ity or major neurodevelopmental disability at 18 months (RR 
0.76; 95% CI 0.65 to 0.89), reduced mortality (RR 0.74; 95% 
CI 0.58 to 0.94) and reduced neurodevelopmental disability in 
survivors (RR 0.68; 95% CI 0.51 to 0.92) (3). Two recent trials 
not included in the Cochrane review also reported beneficial 
effects of cooling; decreased severe disability and death in one 
study (8) and improved neurological outcomes in the other study 
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Hypoxic ischemic encephalopathy (HIE) remains a significant cause 
of mortality and long-term disability in late preterm and term infants. 
Mild therapeutic hypothermia to a rectal temperature of 34±0.5°C 
initiated as soon as possible within the first 6 h of life decreases mortal-
ity and severe long-term neurodevelopmental disabilities in infants 
with moderate HIE who are ≥36 weeks’ gestational age. There are 
minimal side effects, and the incidence of disability in survivors is not 
increased. Infants with severe encephalopathy are less likely to benefit 
from treatment. Cooling may be achieved by either total body or selec-
tive head cooling. As cooling is now considered a standard of care, 
infants ≥36 weeks’ gestational age who are depressed at birth should be 
assessed to determine whether they meet the criteria for cooling. 
There is currently no evidence that therapeutic hypothermia offers 
any benefit to infants <36 weeks’ gestational age. 
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L’hypothermie chez les nouveau-nés présentant 
une encéphalopathie hypoxique-ischémique

L’encéphalopathie hypoxique-ischémique (EHI) demeure une cause 
importante de mortalité et d’invalidité à long terme chez les nourrissons 
peu prématurés et à terme. L’hypothermie thérapeutique bénigne à 
une température rectale de 34 °C±0,5 °C amorcée le plus rapidement 
possible dans les six premières heures de vie réduit la mortalité et 
les graves invalidités neurodéveloppementales à long terme chez les 
nourrissons d’au moins 36 semaines d’âge gestationnel ayant une EHI 
modérée. Les effets secondaires sont minimes, et l’incidence d’incapacité 
chez les survivants n’est pas plus élevée. Les nourrissons ayant une grave 
encéphalopathie sont moins susceptibles de profiter du traitement. 
On peut opter pour le refroidissement du corps entier ou de la tête 
seulement. Puisque le refroidissement est désormais considéré comme 
une norme de soins, les nourrissons d’au moins 36 semaines d’âge 
gestationnel qui sont en détresse neurologique à la naissance devraient 
faire l’objet d’une évaluation afin de déterminer s’ils respectent les 
critères de refroidissement. Pour l’instant, il n’existe aucunes données 
probantes indiquant que l’hypothermie thérapeutique apporte des 
bienfaits aux nourrissons de moins de 36 semaines d’âge gestationnel.
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(9). Treatment with either head cooling or total body cooling has 
been shown to decrease both death and disability in infants with 
moderate HIE, but has less certain therapeutic impact in infants 
with severe HIE (3,8,9).

SHOULD HYPOTHERMIA BE ROUTINELY OFFERED 
TO INFANTS WITH HIE?

Hypothermia is the only available effective neuroprotective treat-
ment for HIE, and is now considered the standard of care for 
infants with moderate to severe HIE (11-13). A concern remains 
that hypothermia may be less beneficial for infants with severe 
encephalopathy, and that its use may delay end-of-life decision-
making for infants with an extremely poor prognosis.

WHICH INFANTS SHOULD BE TREATED  
WITH HYPOTHERMIA?

Current evidence shows that the infants who benefit from hypother-
mia are term and late preterm infants ≥36 weeks’ gestation with HIE 
who are ≤6 h of age and who meet both treatment criteria A and B:

Criteria A
Any two of the following:

•	 Apgar	score	<5	at	10	min	of	age.

•	 Continued	need	for	ventilation	and	resuscitation	at	10	min	of	age.

•	 Metabolic	acidosis	with	pH	<7	or	base	deficit	>16	mmol/L	in	
cord or arterial blood gases measured within 1 h of birth.
AND

Criteria B

•	 Moderate	(Sarnat	stage	II)	or	severe	(Sarnat	stage	III)	
encephalopathy demonstrated by the presence of seizures or at 
least one sign in at least three of the six categories shown in 
Table 1 (14).

All infants who are depressed at birth should be assessed to 
determine whether they fulfill criteria A. Infants who fulfill 

criteria A should then undergo a careful neurological examination 
to determine whether they fulfill criteria B. Infants who meet both 
criteria should be offered hypothermia. If possible, it is helpful to 
assess infants with an amplitude-integrated electroencephalogram 
for at least 20 min before 5.5 h of age to document abnormal 
tracings or seizures (15).

WHERE SHOULD HYPOTHERMIA BE PROVIDED?
Hypothermia should be provided in level III neonatal intensive 
care units where resources are available to treat multiorgan fail-
ure that may be associated with HIE, as well as possible complica-
tions of the hypothermia treatment such as cardiac arrhythmias 
and bleeding diathesis. Centres providing hypothermia should 
have access to ultrasound, computed tomography and magnetic 
resonance neuroimaging, as well as be able to perform electro-
encephalograms (EEGs) and neurosensory evoked potential 
recordings.

Early cooling, before 6 h of age by trained physicians in com-
munity hospitals may be beneficial and should only be initiated 
following consultation with a level III neonatal intensive care 
unit. Mild hypothermia can be achieved passively by turning off 
the overhead warmer, or with ice or cool gel packs while awaiting 
transport and can be continued during transport. Careful control 
of body temperature is important. 

WHICH INFANTS SHOULD NOT BE 
 ROUTINELY COOLED?

Evidence of severe head trauma or intracranial bleeding is a contra-
indication to cooling. There are currently no published studies 
showing	that	cooling	infants	>6	h	of	age	or	<36	weeks’	gestational	
age is beneficial. Initiation of cooling for infants with very severe 
encephalopathy, congenital anomalies or abnormal chromosomes 
is best performed in consultation with a tertiary centre.

WHICH METHOD OF COOLING SHOULD BE USED?
Clinical trials have found similar effects, using either selective 
head cooling with mild systemic hypothermia or total body cool-
ing, on death and disability; however, there are no randomized 
trials comparing head and body cooling. Selective head cooling 
with mild systemic hypothermia can be achieved with cooling 
caps fitted around the infant’s head, with the aim of maintaining 
fontanelle temperature below 30°C. A rectal temperature of 
34±0.5°C is maintained with a servo-controlled radiant heater. 
This system is expensive and labour intensive, and can produce 
scalp edema or skin breakdown. It is also more difficult to main-
tain rectal temperature and there is limited access for EEGs. Total 
body cooling to a rectal temperature of 34±0.5°C can be achieved 
with passive cooling, cool packs and/or commercially available 
cooling blankets. Total body cooling is easier to use, less expen-
sive, provides access to EEGs and is more likely be available in the 
hospital. A recent survey reported a 65% use of body cooling, 
25% of selective head cooling and use of both in 10% of the cen-
tres  surveyed (16).

What is the target temperature to be reached?
The range of rectal or esophageal temperature in the trials var-
ied between 32.5°C to 35°C using either method of cooling. 
The optimal rectal or esophageal temperature appears to be 
34±0.5°C (3).

How long should the cooling last?
The optimal duration of treatment is unknown. The duration of 
hypothermia in trials lasted between 48 h to 72 h. Most used 72 h 
of cooling.

Table 1
Clinical criteria for hypoxic ischemic encephalopathy (HIe)

Category
HIe

Mild Moderate Severe
Level of consciousness Hyperalert Lethargic Stupor or 

coma
Spontaneous activity Normal Decreased No activity
Neuromuscular control

Tone Normal Mild hypotonia Flaccid 
Posture Mild distal 

flexion
Strong distal 

flexion
Decerebrate

Stretch reflexes Overactive Overactive Absent
Segmental myoclonus Present Present Absent

Primary reflexes
Suck Weak Weak or absent Absent
Moro Strong Weak Absent
Oculovestibular Normal Overactive Absent

Autonomic system Sympathetic Parasympathetic Both absent
Pupils Mydriasis Miosis Nonreactive
Heart rate Tachycardia Bradycardia Variable
Respiration Normal Periodic Apnea
Secretions Sparse Profuse Variable

Seizures None Common Uncommon
Electroencephalogram Mild  

depression
Moderate 

depression
Severe 

depression
Modified from reference 14
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How should the infant be rewarmed?
The speed of rewarming is controversial and varies between 
increasing rectal temperatures by 0.5°C every hour to every 4 h. 
The consensus is that rewarming should be slow. Most centres 
rewarm infants by 0.5°C every 2 h. Worsening of encephalopathy 
and seizures on rewarming has been reported, in which case infants 
may require recooling (17).

Is hypothermia safe?
Mild hypothermia is safe with no serious side effects reported 
(3,12). Mild bradycardia, mild hypotension, arrythmias, mild 
thrombocytopenia and sclerema/edema have been described (3,12).

CAN COOLING BE USED IN PREMATURE INFANTS?
Hypothermia is associated with increased mortality in the pre-
mature infant (18). Data in premature and fetal asphyxiated 
animals are controversial, with some studies showing no effect 
and others showing improvement (19). There is currently no 
evidence that therapeutic hypothermia offers any benefit to 
infants <36 weeks’ gestational age; the safety and efficacy of 
cooling in this population are unknown. Clinical trials in late 
preterm infants are in progress (20).

WHAT ABOUT FOLLOW-UP OF COOLED INFANTS?
Follow-up at 18 to 24 months has been the standard of care in 
hypothermia trials. Minimal data exist on longer-term 
neurodevelopmental outcomes of treated infants. Multidisciplinary 
follow-up to assess long-term motor, psychoeducational, auditory 
and cognitive outcomes is an important part of care for cooled 
infants.

CONCLUSION
Mild therapeutic hypothermia to a temperature of 34±0.5°C initi-
ated as soon as possible within the first 6 h of life decreases mortal-
ity and severe long-term neurodevelopmental disabilities in infants 
with moderate HIE, with minimal side effects and without increas-
ing the incidence of disability in survivors. It should only be initi-
ated in level III units or in consultation with a level III 
neonatologist before transport. Long-term neurodevelopmental 
outcomes in these infants with moderate encephalopathy is 
unknown. Infants with severe encephalopathy are less likely to 
benefit from treatment. There are no differences in outcomes 
between total body and selective head cooling.

Hypothermia is safe and has become the standard of care for 
neonatal HIE.
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