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Editorial

Key message

Determining the therapeutic hypothermia and predict long-term 
prognosis quickly and accurately in infants with moderate to 
severe hypoxic-ischemic encephalopathy requires a thorough 
history taking, physical examination, amplitude-integrated elec-
troencephalography, brain magnetic resonance imaging with 
dif fusion-weighted imaging and proton magnetic resonance 
spectroscopy, heart evaluation (cardiac enzymes, electrocardio-
graphy, and echocardiography), and several other biomarkers.

Hypoxic-ischemic encephalopathy (HIE), which develops 
after perinatal asphyxia, is a leading cause of death or long-term 
neurological impairment in infants born at term or near term. 
Around 20%–50% of infants with HIE die early in infancy, and 
25%–60% of surviving infants have long-term neurological dis-
orders such as cerebral palsy, epilepsy, intellectual disability, and 
learning disabilities.1) Studies of therapeutic hypothermia (TH), 
the current standard therapy (33°C–34°C for 72 hours within 
6 hours of birth), decreased mortality with relative risk (RR) of 
0.75 (95% confidence interval [CI], 0.64–0.88; risk difference 
[RD], -9%), and neurodevelopmental disability in survivors 
with RR of 0.67 (95% CI, 0.55–0.80; RD, -13%) in infants ≥35 
weeks’ gestational age with moderate to severe HIE.2,3) TH also 
decreased the neuromotor delay (Bayley Scales of Infant Deve-
lopment - Mental Development Index, more than 2 standard 
deviation (SD)  below the mean; RR, 0.75; 95% CI, 0.59–0.94; 
RD, -9%) and develop mental delay (Bayley Scales of Infant 
Development - Mental De velopment Index, more than 2 SD 
below the mean; RR, 0.74; 95% CI, 0.58–0.94; RD, -10%) in 
survivors and decreased the risk of cerebral palsy in survivors 
with RR of 0.66 (95% CI, 0.64–0.88; RD, -12%).3)

Identifying the early predictive factors for mortality and neuro-
logical prognosis in these HIE infants is particularly important in 
predicting relevant clinical outcomes and making rapid rational 
clinical decisions. Therefore, studies have examined various 
factors for predicting the severity and prognosis of infants with 
HIE (Table 1). The ideal predictors for these predictions in HIE 
infants should be sensitive, specific, early, quick, and easy to per-

form. In the medical history and physical examinations, low 1- 
and 5-min Apgar scores, the need for advanced neonatal resusci-
tation, and abnormal neurological examination findings are 
pre dictors of the need for TH and poor prognosis in infants with 
HIE.2) Amplitude-integrated electroencephalography (aEEG) 
or conventional multichannel EEG performed within the first 7 
days after birth of HIE infants undergoing TH is known to play 
a role as a neurophysiological predictive test.4) A brain magnetic 
resonance imaging (MRI) scan is conducted to determine the 
extent and degree of brain injury in infants with HIE.3,4) Many 
additional tests, such as diffusion-weighted imaging (DWI), 
diffusion-tensor imaging, and proton magnetic resonance spec-
troscopy (1H-MRS), have recently been used.3-5) Ouwehand et 
al.4) performed a meta-analysis of the predictors of outcomes in 
HIE following hypothermia using 37 articles on aEEG, MRI, 
DWI, and 1H-MRS. This study showed that abnormal aEEG 
findings at 36 hours (diagnostic odds ratio [DOR], 62.7; 95% 
CI, 19.5–202.0; P<0.001), injury to the posterior limb of the 
internal capsule on MRI (DOR, 39.5; 95% CI, 16.9–92.3; 
P<0.001) or the thalami on DWI (DOR, 50.2; 95% CI, 19.1–
131.7; P<0.001), and an increased lactate/N-acetylaspartate 
peak on 1H-MRS within 7 days (DOR, 64.8; 95% CI, 28.8–
145.9; P<0.001) are strong predictors of adverse neurodevelop-
mental outcomes.

The American College of Obstetricians and Gynecologists 
guideline recommends using brain MRI 24–96 hours after birth 
to describe the timing of brain injury in HIE infants; conversely, it 
recommends using MRI 10 days after birth to describe the extent 
of brain injury.5) Some studies have suggested that additional tests, 
such as near-infrared spectroscopy and somatosensory-evoked 
potentials, could also be used as predictive factors.2,4) Bhasin and 
Kohli6) suggested that elevated cardiac enzymes, such as serum 
creatine kinase (CK)-T (P<0.001), CK-MB (P<0.001), and 
troponin T (P=0.002); abnormal electrocardiography findings 
(P<0.001); and a decreased left ventricular ejection fraction 
and right ventricular ejection fraction on echocardiography (P< 
0.001), were associated with mortality and severity in infants 
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make comprehensive judgments using medical history, physical 
examination, EEG, brain imaging, cardiac evaluation, and several 
biomarkers.
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specific enolase and IL-1β were significantly associated with 
abnormal outcomes in survivors.1,2,6,7)
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resuscitation (odds ratio [OR], 23.55; 95% CI, 2.3–238.6; P= 
0.0075) was an independent predictive factor of death, while 
severely abnormal aEEG findings (OR, 63.0; 95% CI, 7.9–504.6; 
P=0.0001) were independent predictive factors of severity in 
infants with HIE. The combination of biomarkers and neonatal 
resuscitation level may provide a rapid and accurate method of 
predicting moderate to severe HIE.2,9,10) Among them, aEEG is a 
widely used bedside tool for identifying potential candidates for 
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In conclusion, to determine TH and predict the long-term prog-
nosis quickly and accurately in infants with HIE, it is necessary to 

Table 1. Predictive factors of neurodevelopmental outcomes and mortality in neonates with hypoxic-ischemic encephalo pathy

Category Predictive factors 

History and physical examinations 1 or 5-min Apgar scores

Neonatal resuscitation level

Early neurologic examination

EEG Single- or 2-channel aEEG

Multichannel EEG

Brain imaging Conventional brain MRI

DWI or DTI
1H MRS

Cranial US

Near-infrared spectroscopy

Somatosensory-evoked potentials

Cardiac evaluation ECG: heart rate variability

Echocardiography: LVEF, RVEF

Cardiac enzymes: CK, CK-MB, CK-BB, Troponin-I, Troponin-T

Other biomarkers Umbilical artery and vein pH, base excess

ALT, LDH, uric acid, lactate, activin A, NSE, myelin basic protein, protein S-100, glial fibrillary acidic protein, UCH-L1, pNF-H

Serum and urinary L/C ratio

Serum IL-1, IL-1β, IL-6, IL-16

CSF NSE and IL-1β

EEG, electroencephalography; aEEG, amplitude-integrated EEG; MRI, mag netic resonance imaging; DWI, diffusion-weighted imaging; DTI, diffusion-tensor 
imaging; 1H MRS, proton magnetic resonance spectroscopy; US, ultrasonography; ECG, electrocardiography; LVEF, left ventricular ejection fraction; RVEF, 
right ventricular ejection fraction; CK, creatine kinase; ALT, alanine aminotransferase; LDH, lactate dehydrogenase; NSE, neuron-specific enolase; UCH-L1, 
ubiquitin carboxy-terminal hydrolase L1; pNF-H, phosphorylated axonal form of the neurofilament subunit NF-H; L/C, lactate/ creatinine; IL, interleukin; CSF, 
cerebrospinal fluid.
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