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Introduction
Perinatal hypoxic-ischemic encephalopathy is a 

major source of morbidity and mortality throughout 
the world.1-4 Until recently, there was little to offer 
these infants except for supportive care, but there are 
now increasing data that support the use of moder-
ate prolonged hypothermia to reduce cerebral injury 
and improve neurological out-
come in these infants.5 There 
are two therapeutic modalities 
that have been trialed and are 
now in use; selective cooling 
(achieved by decreasing body 
temperature to 34.5° C with 
the use of a cap applied to the 
head) and whole body cooling, 
which lowers the temperature 
of the body to 33.5° by use 
of a cooling blanket. Both 
methods show evidence of 
therapeutic benefit in improv-
ing survival and reducing the 
rate of disability at 18 months 
of age in newborns.5 

What is Encephalopathy?
Encephalopathy is a clinically defined condition. 

In the newborn, it consists of abnormal tone, altered 
alertness, possible seizures, as well as difficulty initiat-
ing and maintaining respirations.6-7 Hypoxic-ischemic 
injuries are the cause of a common subset of encepha-
lopathy often referred to simply as HIE, but there are 
many other etiologies of encephalopathy.6-7

A sentinel event that indicates the time of injury 
can be determined in only about 25% of HIE cases.8 
It is estimated that encephalopathy occurs in 2 to 5 
of every 1000 term births/year, but the true incidence 
of HIE in the United States is unknown. As seen in 
Figure 1, between 7,900 and 19,750 of the 4,300,000 
infants born in the United States in 2009 would have 

been potentially eligible for hypothermia based on the 
existing data. 

How Does Therapeutic Hypothermia Work?
In order to understand how treatment of the neo-

nate with hypothermia results in the reduction of death 
and neurological impairment when measured later at 18 
months of age, we must briefly examine the pathophysi-
ology of HIE. The neurologic sequelae are the result of 
two distinct processes, primary and secondary energy 
failure, which are separated by a latent phase.7-8

Primary Energy Failure
Primary energy failure is the result of decreases 

in cerebral blood flow and oxygen delivery, which 
result in failure of aerobic metabolism. The 

Figure 1. Estimated Incidence of HIE in United States 

•2009 Births- 4,300,00
•92% ≥ 36 weeks gestation (3.95 million)
•2-5 infants with encephalopathy/1000 births
•7900-19,750 infants per year

Figure 2.  Major Hypothermia Clinical Trials
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resulting shift to anaerobic glycolysis is accompa-
nied by excessive production of lactic acid, as well 
as tissue acidosis, depletion of the high energy 
phosphate compounds ATP and phosphocreatine, 
and inability to maintain cell membrane function. 
This results in loss of electrolyte gradients, with 
cell swelling and necrosis. The damage during this 
period occurs prior to hypothermia therapy and 
will not be affected by treatment.7-8

Secondary Energy Failure
After reperfusion of the brain, there is further evo-

lution of cell death. During this phase of secondary 
energy failure the decline in phosphocreatine and ATP 
is not accompanied by brain acidosis, but it results 
in apoptosis, or programmed cell death. Apoptosis 
extends over several days, and the degree of energy 
failure and apoptosis is proportional to the severity of 
adverse neurodevelopmental outcomes seen later at 
one and four years of age. It is this phase of HIE that 
hypothermia attempts to ameliorate. 7-8

The Latency Period
Fortunately, there is a brief recovery (latency) 

period between the two phases of injury that provides 
a therapeutic window for treatment. After reperfusion 
but before secondary energy failure there is a brief 
period following resuscitation when brain oxidative 
metabolism and cellular pH recover before the second 
phase of injury. Initial studies performed in animal 
models showed that hypothermia during this period 
was neuroprotective. It was concluded that cooling 
should be initiated as early as possible after the initial 
injury (preferably within 2, but no later than 6 hours) 
and should continue for 48 to 72 hours.8 

Selective Head and Whole Body Cooling
The initial hypothermia trials with two separate 

devices were run concurrently (Fig. 2). One device, 
the Cool-cap (® Natus Medical Incorporated), was 
specifically designed for this purpose (Fig. 3) and is 
now approved by the FDA for hypothermia in new-
borns. [2] The other trialed device was a cooling 
blanket (Blanketrol ® Cincinnati Sub-Zero) (Fig. 4) 
that provides whole body cooling.1,3 This device was 
already approved for patient care by the FDA. During 
the Cool-cap trials, amplitude integrated EEG (aEEG) 
was performed as part of the inclusion criteria.9 
Consequently, when the cap was approved as a medi-
cal device by the FDA, an abnormal aEEG tracing was 
required for its approved use. Thus, inclusion criteria 
for use of both devices is very similar with the excep-
tion of the aEEG requirement. 

Clinical Trials
Major clinical trials have examined the outcomes 

in both selective head cooling and whole body cool-
ing. A 2010 meta-analysis of the three major trials 
examined the primary outcomes of death in 1320 
infants and major neurodevelopmental disability 
after 18 months in 767 infants.5 There was a signifi-
cant decrease in mortality/disability at 18 months 
(RR .81, 95% CI 0.71-0.93, p=.002). To prevent one 
infant death or one survivor with major disability, 
9 infants must be treated (95% CI 5-25).5 Thus far, 

Figure 3. Infant on Selective Head Cooling using the Cool-cap® by Natus 
Medical Inc.

Figure 4. Infant on Whole Body Cooling using the Blanketrol III by 
Cincinnati Sub-zero. 
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the meta-analyses have shown no clear benefit of one 
method over another in outcomes,5 but trials continue 
and these results may change in the future. 

Clinical Management
The inclusion criteria for both devices are listed 

in Table 1. If the child meets the initial criteria 
(items 1, 2, and 3 on Table 1), the child is placed 
on an aEEG. Figure 5 shows an example of a moder-
ately abnormal tracing (bottom row) as compared to 
the normal tracing on the top row. If the child has 
a normal tracing and meets the initial criteria he/
she may still qualify for whole body cooling. Our 
institution continues the aEEG throughout the 72 
hour cooling process. 

Many of these children have systemic collapse asso-
ciated with their HIE and close monitoring of injury to 

the heart, lungs, kidneys, and liver is critical. Ongoing 
laboratory measurements include blood gases, liver 
function tests, CPK, and electrolytes, as well as close 
monitoring of input and output. Good cardiac output 
and blood pressure are maintained to optimize brain 
perfusion. Acidosis and electrolyte imbalances are cor-
rected, and normal glucose levels are preserved. Many 
of these infants require ventilator support as well as 
pressor support in order to achieve good oxygenation 
and perfusion. Several of our infants have required 
advanced respiratory support, including inhaled nitric 
oxide and extracorporeal membrane oxygenation 
(ECMO) for support of their pulmonary and cardio-
vascular systems. 

Nursing care for hypothermia therapy includes 
close monitoring of neurologic status, and observa-
tion for clinical or sub-clinical seizures on aEEG. The 
nursing staff observes the infants for pain as well as 
any complications due to skin exposure to the cap or 
blanket. Close monitoring of vital signs, and assess-

ment of respiratory and cardiac stability is key the 
care of these infants. 

After 72 hours, the infant is warmed slowly. 
Careful attention is given to the aEEG at this time, 
because seizures may occur during rewarming. After 
the course of hypothermia, an MRI is obtained 
for structural assessment and a traditional EEG 
is used to examine function. During the recovery 
period occupational therapy and physical therapy 
are closely involved with families to help infants 
with residual feeding and tone problems. Once 
children are discharged, they are followed closely in 

Table 1. Inclusion Criteria for Selective and Whole Body Cooling

	Selective (all 4 required)	 Whole Body Cooling
1. ≥ 36 weeks and ≥ 1.8 kg

2. �One of the following:
    Apgars ≤5 at 10 minutes
    pH <7.0 within 60 minutes of birth
    Base deficit ≥16 within 60 
       minutes of birth on any gas

3. �Lethargy, coma, hypotonia, 
seizures, abnormal reflexes, 
abnormal suck.

4. �Abnormal tracing on aEEG 
following 20 minute minimum 
screen

1. ≥ 36 weeks and ≥ 1.8 kg

2. �One of the following:
    Apgars ≤5 at 10 minutes
    pH <7.0 within 60 minutes of birth
    Base deficit ≥16 within 60 
       minutes of birth on any gas

3. �Lethargy, coma, hypotonia, 
seizures, abnormal reflexes, 
abnormal suck. 

No need for Abnormal  aEEG 
tracing

Table 2. Exclusion Criteria for Selective and Whole Body Cooling

	 Selective Head Cooling	 Whole Body Cooling

1. �Major Congenital Anomalies 
with associated brain dysgenesis

2. �Evidence of head/brain trauma 
(fracture)

3. BW<1800 grams

4. Infants “in-extremis”

5. Imperforate anus

1. �Major Congenital Anomalies 
with associated brain dysgenesis

2. BW<1800 grams

3. Infants “in-extremis”

May be used with head trauma

May be used with ECMO

Figure 5. Examples of aEEG tracings. Normal (top tracing) shows normal 
variability and sleep-wake cycle compared to moderately abnormal tracing 
on bottom. 
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neurodevelopmental follow up clinic. Our infants are 
followed for a minimum of 18 months, and prefera-
bly for three to four years. Many of these children are 
just approaching school age, and school performance 
will be a critical metric of this technique. 

Conclusions 
There is growing evidence that hypothermia can 

be used in the perinatal period to reduce cerebral 
injury and improve neurological outcome in infants 
who have HIE. Although the major clinical trials 
were performed well, unanswered questions remain. 
Unfortunately, only 25-35% of HIE cases have a 
clearly contributing sentinel event in the intrapartum 

period. In addition, a significant proportion of 
infants may have had chronic injury that began in 
utero plus additional acute injury at birth. These 
unknowns, as well as the extent of the initial injury, 
may contribute significantly to the variability in out-
come following treatment. Additional unknowns 
include the optimum duration of cooling, the opti-
mum rate of rewarming, and the safety and efficacy of 
hypothermia in premature infants. Continuing stud-
ies, as well ongoing neurodevelopmental evaluation 
of these children as they attend school, will begin to 
provide some of these answers. However, hypother-
mia is now considered a standard therapy and is no 
longer considered experimental treatment for HIE. 
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