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The development of hypothermia as a therapy to reduce the
impact of hypoxic–ischemic encephalopathy has been one of the
great achievements in neonatal medicine of the twenty-first
century. The approach, however, has been limited in its
application to the term infant, as it has been discouraged in
infants who are o35 weeks of gestational age (GA) at birth,
pending further study.1 This has raised the following questions: (1)
What is the impact of HIE on the premature infant? (2) What is the
actual biological cutoff at which hypothermia becomes more of a
liability than a benefit?
In this volume of the Journal of Perinatology, Garfinkle et al.2

report on their developmental analysis of children born at 32–
35 weeks GA with documented birth asphyxia, as compared to
those born at 36 or greater weeks of GA. Using the Canadian
Cerebral Palsy (CP) Registry, they were able to review nearly 900
cases, and found that approximately 15% of the cases of CP could
be attributed to suspected birth asphyxia. The clinical and imaging
characteristics of the patients were reviewed, and comparisons
were made based on GA. Perhaps not surprisingly, their findings
differed for these two groups, providing yet additional evidence
that the ‘late-preterm infant’ is a very different individual than the
term infant, likely based on their stage of development and thus
altered pathobiology.
The authors are persuasive in arguing that understanding how

infants differ based on GA may shed light on alternative
neuroprotective strategies that may uniquely protect the late-
preterm infant, and lessen their burden from CP. A key difference
is the preponderance of the preoligodendrocyte in the preterm
infant. This immature cell line has been shown to be especially
vulnerable to ischemic injury, making it a target of particular
interest in strategies that may alter outcomes in the preterm
infant.3 Although infants born at o32 weeks GA are at risk for
white matter injury ranging from punctate injuries to the cystic
lesions associated with periventricular leukomalacia, this disease
process becomes less important once myelination begins.4,5

The sentinel event underlying the suspected birth asphyxia also
differed in the Canadian CP Registry, with the most common
event occurring in the preterm population being placental
abruption. Seizures during the first 72 h of life were less common
in the premature infants. Of particular interest, the imaging
characteristics were markedly different between the two groups.
The term infants had evidence of near-total brain injury as
delineated by MRI and/or ultrasound, whereas the preterm infants
showed only isolated white matter injury. Of note, 40% of the
preterm infants were found to have an intraventricular hemor-
rhage, a lesion not typically associated with infants 430 weeks of
gestational age. This finding may explain in part why the
premature infants also had a greater incidence of spastic diplegia
(24%) when compared to their term counterparts (8%), odds ratio
1.8. It also begs the question of whether the thrombocytopenia
that has been described in association with perinatal asphyxia
plays a greater pathogenic role in the premature infant.6

As with all database surveys, unanswered questions remain that
can be best approached using a prospective study design.
Although the incidence of IVH is defined in the Canadian registry,
the severity is not. Again, this raises the question of which is
the greater contributor: asphyxia or IVH? The incidence of

posthemorrhagic ventricular dilatation is not provided, nor do
we know how many infants progressed to the point of requiring
surgical intervention for hydrocephalus. What does seem clear,
however, is that there is a group of late-preterm infants who are at
risk for IVH, and who are not covered by current imaging
screening guidelines.7 Dissecting out the contribution of IVH to
the outcomes of the late-preterm infant with suspected asphyxia
will be important, as interventions designed to mitigate the effects
of hypoxic–ischemic injury may not address the risk for IVH, and
may even exacerbate it.
The work of Garfinkle et al.2 answers some questions, but raises

still more. Is hypothermia an appropriate intervention for the
premature infant?8 A current clinical trial being actively conducted
by the NICHD Neonatal Research Network may provide some
guidance as to whether hypothermia is appropriate for infants of
33–35 weeks GA (https://www.clinicaltrials.gov/ct2/show/
NCT01793129; Higgins RD, personal communication).
There is a panoply of directions being explored for the

diagnosis and management of HIE. The burgeoning area of
neurocritical care for neonates has led to the creation of
specialized NICU environments that are optimized for data
collection and surveillance for neurologic sequelae, including
real-time digital video and amplitude integrated electroencepha-
lographic monitoring.9 Novel technologies, such as positron
emission tomography, which has shown that there is differential
cerebral glucose metabolism in severe versus mild and moderate
HIE, may provide objective evidence of the severity of the disease
process and may provide useful triage criteria for various
interventions.10 Paradigm-shifting interventions, such as the use
of umbilical cord stem cells to regenerate damaged neural tissues,
are in the early stages of investigation, but show sufficient
promise that we may soon be debating whether or not to bank
cord blood samples for stem cells in HIE patients.11 Should HIE be
anticipated, and interventions initiated with the mother before
birth, such as the use of melatonin as an antioxidant to reduce
oxidative stress?12 Lastly, are there other infants who would
benefit from hypothermia and who are not currently within the
treatment criteria, such as those with chromosomal abnormalities,
stroke or postnatal collapse?13

Goals with the aim of improving our understanding of the
pathobiology of hypoxic–ischemic encephalopathy and its opti-
mal treatment must continue, and remain a key challenge for
neonatologists and neurologists of our day. Garfinkle et al.2 have
ably reminded us that asphyxia is not the exclusive province of the
term infant, and that we must be attentive to the risks for the
late-preterm infant, as well.
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