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The occurrence of hypoxic-ischemic encephalopathy
(HIE) in the newborn period carries significant impor-
tance as a predictor of later neurologic disability. It oc-
curs about 1-6 per 1 000 live term births. About 15% -
20% of the affected infants with HIE die during the
acute phase and an additional 25% develop permanent
neurological deficits. In Asia birth rate varies signifi-
cantly from state to state and there is limited data on
the incidence and severity of HIE.

The identified antenatal risk factors for neonatal en-
cephalopathy include maternal hypotension, chorioam-
nionitis, diabetes, thyroid disorders, treatment for in-
fertility and premature birth. Occasionally, some fac-
tors during the intrapartum period result in HIE such as
forceps delivery, breech extraction, abruption and
compression or cord prolapse. Postnatal severe respira-
tory distress syndrome, sepsis and shock may also con-
tribute to HIE, however this occurs in fewer than 10%
of term infants with HIE.

The severity of HIE depends on the timing and dura-
tion of the insult maturity of brain and secondary in-
sult. Complications of HIE may include neonatal sei-
zures, stroke, intracranial haemorrhage, coagulopathy,
electrolyte disturbances, syndrome of inappropriate an-
tidiuretic hormone secretion, severe neurologic deficits
and death. HIE is often seen with associated harmful
conditions such as lactic acidosis, accumulation of ex-
citatory aminoacids, impaired auto regulation and
reperfusion injuries.

The medical approach to the newborn with HIE is
evolving. There has been significant progress over the
last few years from a scientific and clinical perspective
and we continue to accumulate new information. In the
past, therapy for HIE generally focused on supportive
measures and symptomatic therapy but there is some

promising evidence regarding the utilization of hypo-
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thermia to minimize the cascade of damaging events
that follow the primary insult related to HIE. The latest
updates in understanding and managing neonatal HIE

will be explored ahead.
1 Overview of the pathogeneses of HIE

Brain injury after a hypoxic-ischemic insult is a
process with internal biochemical and molecular chan-
ges leading to evolution of the insult followed by re-
pair. This has been demonstrated in various animal
models under many different conditions.

With HIE there is a primary insult followed by reper-
fusion when the brain metabolism will often recover
partially or completely. This phase is refereed to as
“latent phase”. Very often a secondary phase occurs
that involves a cascade of events leading to deteriora-
tion of neuronal cell function. This is known as “de-
layed phase of injury”, where neurons and oligoden-
droglia continue to die for longer periods. This process
of cell injury and death appears to be predictable. It
involves cellular depravation of oxygen and nutrients
leading to anaerobic glycolysis, depletion of high ener-
gy phosphate reserves, loss of cell membrane func-
tions, accumulation of lactic acid, and neuro toxic ex-
This

leads to deterioration of the cell function. If it is not in-

citatory neuro transmitters such as glutamate.

terrupted this cascade ultimately leads to cell death.
Hypothermia protective strategies appear to ameliorate
this process. There are also other promising treatment
strategies, which are still under scientific investiga-
tion.

Interestingly in addition the biochemical processes
mentioned above, a series of inter- related mechanisms
further perpetuate the initial injury. These may include

cytosolic accumulation of the calcium, exposure to free
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radicals such as nitric oxide (NO) and hydroxyl radi-
cals. Furthermore, the accumulation of iron and re-
lease of inflammatory mediators induces mitochondrial
dysfunction leading to neuronal death. This and other
processes trigger apoptotic pathways leading to addi-
tional oligodendroglial and neuronal death.

The secondary phases, following the primary insult
with HIE, are amenable to certain interventions. In-
duced hypothermia is one important example. The ben-
efit of this strategy depends on magnitude and pattern
of repetition of the initial insult and the maturity of the
brain. The insult to the preterm brain is not the subject
of this report. This report deals with HIE in the term
and near-term infants. The maintenance of regional
and global cerebral blood flow is essential for this
process to work.

HIE animal models have revealed that when body
temperatures are reduced to 33-34 degrees there is im-
provement in histologic and neurobehavioral outcomes.
The reason for this is not clearly understood but there
are various hypotheses. Suppression of glutamate and
free radicals as well as conservation of high energy
phosphates and retardation of apoptotic processes have

all been theorized
2 Clinical human trials

To date there have been four randomized clinical tri-
als and eight nonrandomized trials. In addition several
pilot, safety, efficacy and feasibility trials have been
published. The overall conclusion from the existing lit-
erature is that induced hypothermia is beneficial with
regard to long-term neurological outcome in infants with
HIE and doesn’t have significant associated adverse
effects.

Gluckman et al published a randomized trial in the
Lancet in 2005 ( ‘ Cool Cap’ ). They randomized in-
fants with HIE to be normothermic or to have mild hy-
pothermia (head cooling). They utilized EEG to iden-
tify the severity of injury. The patients were followed
for 18 months looking at death and major disability as
the primary outcome. Their results, although having
borderline significance, showed a protective effect of
hypothermia (odds ratio 0.57) for the primary out-
come. Despite not providing a definitive answer about
the efficacy of hypothermia in HIE it did help with re-
gard to design methods in future trials. For example se-
verity of insult needed to be stratified in order to reveal
a significant difference.

The second major randomized control trial was by

Shankaran et al who randomized 208 patients to either

normothermia or whole body hypothermia for newborns
with HIE. Their primary outcome was death or moder-
ate or severe disability. Death or severe disability oc-
curred in 44% of the hypothermia patients and 62% of
the control group (P =0.01). They concluded that
whole body hypothermia indeed reduced the risk of
death or disability in infants with moderate or severe
HIE. Besides the two studies there were studies from
GUNN 1998, Eicher 2005, Coolcap and Tobi trials in
recent years. If one places the results of all the studies
published on a relative risk ratio (RR) grid the mean
RR showed less than one, meaning the over all effect
(Z=2.15, P=0.03) favouring hypothermia.

The bottom line of those published results suggest
hypothermia in mild to moderate HIE appears to be
beneficial. These studies enrolled infants from a wide
geographic region using simplified protocols with future

plans to identify even later outcomes (5 years).
3 Major deficiencies in knowledge

There are several unresolved issues in the random-
ized control trials and pilot studies.

The real world cooling (i. e. using ice bags, cold
water bottles, ect) needs to be further defined and effi-
cacy and safety of such treatment need to be explored
further before instituting in local hospitals.

Long-term safety and efficacy data for the application
of hypothermia on patients with HIE is not fully estab-
lished based on the current trials.

There is a need for standardisation of the electro di-
agnostic and neurophysiologic tests that should be used
for determination of severity of injury.

The latest postnatal age for initiation of the therapeu-
tic hypothermia still needs to be determined. The ef-
fectiveness of hypothermia appears to rely on the timing
of introduction. The question of “How late is not too
late?” is real and relevant.

Cooling and re-warming issues, i. e. when and how
fast needs further clarification.

The optimal mode of cooling, i. e. whole body ver-
sus selective head is still unknown, although both mo-
dalities appear to be effective.

The role of the MRI in predicting long-term outcomes
needs to be studied.

The duration of the follow up and appropriate tests to
assess outcome should be standardised so that the out-
come under different protocols can be compared and
the clinical effect evaluated. Long-term follow ups are
necessary and all studies should strive to report long-

term outcomes. The rapidly accumulating short-term
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clinical and laboratory data related to hypothermia has
given us avenues for safe treatment. However, comple-
ted studies provide data only up to 18 months of age.
We need follow-up data for longer duration i. e. 5 to 10
years of age. Therefore, the long-term impact of hypo-

thermia for HIE remains unknown.
4 Conclusions

Only a proportion of neonatal encephalopathy is
caused by hypoxia and ischemia. The group of infants
with encephalopathy secondary to hypoxia and ischemia
are those who likely benefit from hypothermia. Perina-
tal HIE is not a single disease from a single cause and
one should appreciate the fact that there is a great di-
versity in the timing and magnitude of the brain injury.
Therefore, it seems appropriate that any single inter-
vention may not provide a uniformly favourable out-
come. The current literature recommends diagnosing
HIE clinically and by EEG in one study. Therefore
caution must be taken prior to utilizing whole body or
selective head cooling in routine clinical practice until
more specific guidelines are established with regard to
diagnosis and management algorithms. These infants
require vigilant staff with experience inducing and dis-
continuing hypothermia. Based on the available evi-
dence there continues to be a need for longer term data
on the safety and efficacy of therapeutic hypothermia.
If hypothermia is offered, it likely should be done un-
der published protocols with plans for longer term fol-
low up. Additional brain imaging techniques such as
MRI, and neurophysiologic and electrodiagnostic stud-
ies are ongoing waiting for additional evaluation.

“Toby” trial has been completed and was published
in the New England Journal of Medicine and “ICE” ,
need to be completed and reported. This will undoubt-
edly enhance our understanding of the role of hypother-
mia in perinatal asphyxia. Institutions and physicians
offering hypothermia should recognize the knowledge
gaps and ensure that those deficiencies are resolved by
keeping a registry and ensuring follow up. In neonatol-
ogy, history has taught us in more than one instance,
that a hasty and

premature introduction of therapeutic interventions may
come back to haunt us. Those units and physicians
want to use hypothermia as treatment may only be used
with appropriate monitoring and must be similar to the

methods that have been proven to be safe.
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