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A B S T R A C T

A review of the conundrum called mild hypoxic-ischemic encephalopathy (HIE) is provided. During the past
decades, the definition of HIE has evolved to accommodate the short window of time required for the initiation
of therapeutic hypothermia. Also, neurological evaluations have changed with the use of simpler staging systems
that can be applied within the first 6 h of life. In this review, we discuss the challenges in the identification of
newborns with “mild HIE” within 6 h after birth, the limitations in the existing early biomarkers of brain injury,
and the current knowledge gaps in the long term neurodevelopmental outcomes of infants diagnosed with mild
HIE. Progress in the understanding of mild HIE and its sequelae continues to be hindered by the lack of a
standardized definition for mild HIE that will reliably identify at-risk infants who may benefit from neuropro-
tective strategies.

1. Introduction

There is an urgent need to better understand and elucidate the
conundrum called “mild hypoxic-ischemic encephalopathy (HIE).” As
neuroprotective therapies are utilized and studied for moderate and
severe HIE, similar neuroprotective strategies may benefit the outcome
of infants with milder forms of encephalopathy. Yet, the field has been
hindered by some inherent properties of this condition. Chief and
foremost is the lack of a precise and uniform definition for what con-
stitutes ‘mild HIE’ in neonates with perinatal acidosis. There is no
question that the neurological examination is subjective in nature and
abnormalities may be subtle and difficult to discern. In addition, the
timing of the insult affects not only the clinical presentation but also the
progression of the encephalopathy. In the early hours after a significant
hypoxic-ischemic event, the majority of newborns do not demonstrate
clear signs of moderate or severe brain compromise yet these ab-
normalities may develop in the ensuing hours to days after birth.

Given the difficulty of establishing a precise diagnosis and the
complex pathophysiology related to the uncertain timing, severity, and
patterns of the fetal insult [1], neonates with neonatal encephalopathy
(NE) are currently viewed dichotomously: those who do or do not
qualify for therapy based on an early neurologic examination per-
formed within 6 h of birth.

Since hypothermia does not protect all affected neonates from
neurocognitive impairment, adjuvant therapies are being sought and
studied for the moderate and severe HIE. Development of a standar-
dized consensus definition for what constitutes mild HIE which can be
ascertained within 6 h of birth is needed, as well as development of
biomarkers that will identify precisely the subgroup of mild HIE infants
who are likely to develop brain injury. These are essential for the
planning of future trials of neuroprotection in this patient population.

1.1. Defining and staging hypoxic-ischemic encephalopathy: A historical
perspective

Neonatal brain injury is recognized clinically on the basis of a dis-
tinctive encephalopathy that evolves from hyper-excitability to lethargy
and stupor during the first week of life [2,3]. According to Amiel-Tison
[4] in the original description of neonatal encephalopathy associated
with an obstetrical event, no single specific sign could characterize it.
Instead, a group of signs and symptoms indicated varying degrees of
brain dysfunction. Following this principle, Sarnat and Sarnat [2] in
1976 developed a grading system based on serial and comprehensive
neurological examinations and electroencephalographic (EEG) record-
ings performed on 21 asphyxiated newborns (Table 1). Stage 1 or mild
HIE was defined as a state of hyperalertness with normal tone, mild
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