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Editorial

Key message

Neonatal encephalopathy is the most important reason for 
morbidity and mortality. The early detection of neonate with 
high risk for hypoxic ischemic encephalopathy (HIE) and 
treatment are important for prevent long term complication. 
Hypothermia is currently standard treatment option for HIE. 
Several clinical studies have been performed due to improve the 
long term outcome. New therapeutic options including xenon, 
allopurinol, erythropoietin, topiramate will help to reduce 
neuropsychiatric disability.

Neonatal encephalopathy is the most important reason for 
morbidity and mortality. The early detection of neonate with 
high risk for hypoxic-ischemic encephalopathy (HIE) and 
treatment are important for preventing long-term complication. 
Hypothermia is currently standard treatment option for HIE. 
Several clinical studies have been performed due to improve the 
long-term outcome. New therapeutic options including xenon, 
allopurinol, erythropoietin (Epo), topiramate will help to reduce 
neuropsychiatric disability.

Neonatal encephalopathy, a clinically defined syndrome of 
abnormal neurologic function during infancy, manifests as a 
decreased level of consciousness or seizures and decreased motor 
tone in term-born and late preterm newborns.1,2) The most 
common cause of neonatal encephalopathy is HIE, impaired 
cerebral function sustained as a result of perinatal asphyxia. 
1,3) The incidence of HIE is about 8 per 1,000 live births 
worldwide.4) Despite advances in neonatal care, HIE leads to 
serious neurologic problems, including cerebral palsy, epilepsy, 
and cognitive impairment. Although studies have investigated 
neurocognitive test results of patients before 3 years of age who 
were treated for HIE, few have examined data in late childhood 
and adolescence. Patients with normal neurodevelopmental 
outcomes at 36 months after HIE treatment are not immune 
to cognitive and behavioral problems in the school-age years 
because some neuropsychiatric development continues during 

the prepubertal period.4,5) Therapeutic hypothermia for near-
term infants with moderate to severe HIE reduces mortality or 
neuropsychiatric disability at 18–24 months of age.6)

The review of Lee and Glass4) described the results of previous 
studies of long-term cognitive outcomes from late childhood 
and school age, including neurodevelopmental outcomes before 
therapeutic hypothermia therapy and 2 randomized clinical trial 
outcomes after therapeutic hypothermia for HIE. They also 
reviewed clinical studies on neurodevelopmental outcomes after 
the administration of neuroprotective agents in combination 
with therapeutic hypothermia.

There is a strong relationship between HIE severity and neuro-
developmental outcomes prior to hypothermia therapy in late 
childhood and adolescence. Several studies have shown that 
children with moderate to severe HIE have significantly impaired 
neurodevelopmental outcomes, especially a lower intelligent 
quotient, visual-motor integration, receptive vocabulary scores, 
reading, and spelling.7)

In 2005, the National Institute of Child Health and Human 
Development (NICHD) introduced the status of knowledge 
for safety and efficacy of therapeutic hypothermia therapy for 
HIE.7) The current treatment protocol for full-term neonates 
with moderate to severe neonatal encephalopathy is to start 
therapeutic hypothermia within the first 6 hours of life for 72 
hours to a depth of 33°C–34°C.4) Many randomized clinical trials 
and a systematic review showed that therapeutic hypothermia 
for neonates with moderate to severe HIE positively affects 
mortality or neurodevelopmental disability at the age of 24 
months, but few studies have examined the long-term outcomes 
until school age.8) In the NICHD trial, whole-body hypothermia 
treatment reduced mortality or severe disability rates in late 
childhood. However, the NICHD Neonatal Research Network 
revealed that therapeutic hypothermia did not completely pre-
vent a cognitive outcome.6) In the Total Body Hypothermia 
for Neonatal Encephalopathy trial, therapeutic hypothermia 

Corresponding author: Eun Sook Suh, MD, PhD. Department of Pediatrics, Soonchunhyang Seoul Hospital 59 Daesagwan-ro, Yongsan-gu, Seoul 04401, Korea
 Email: essuh@schmc.ac.kr, http://orcid.org/0000-0002-6614-6665

Received: 14 June, 2021, Revised: 13 July, 2021, Accepted: 29 July, 2021

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © 2021 by The Korean Pediatric Society

Recent studies are focus on the new treatments for hypoxic-
ischemic encephalopathy (HIE) and long-term outcomes in 
later childhood and adolescence in children with a history on 
HIE
Eun Sook Suh, MD, PhD
Department of Pediatrics, Soonchunhyang University Seoul Hospital, Seoul, Korea

http://crossmark.crossref.org/dialog/?doi=10.3345/cep.2021.00822&domain=pdf&date_stamp=2021-12-15
https://doi.org/10.3345/cep.2021.00822
http://creativecommons.org/licenses/by


www.e-cep.org https://doi.org/10.3345/cep.2021.00367 629

References

 1. McIntyre S, Badawi N, Blair E, Nelson KB. Does aetiology of neonatal 
encephalopathy and hypoxic-ischaemic encephalopathy influence the 
outcome of treatment? Dev Med Child Neurol 2015;57 Suppl 3:2-7.

 2. Wachtel EV, Verma S, Mally PV. Update on the current management of 
newborns with neonatal encephalopathy. Curr Probl Pediatr Adolesc 
Health Care 2019;49:100636.

 3. Lutz IC, Allegaert K, de Hoon JN, Marynissen H. Pharmacokinetics 
during therapeutic hypothermia for neonatal hypoxic ischaemic ence-
phalopathy: a literature review. BMJ Paediatr Open 2020;4:e000685.

 4. Lee BL, Glass HC. Cognitive outcomes in late childhood and adolescence 
of neonatal hypoxic-ischemic encephalopathy. Clin Exp Pediatr 2021;64: 
608-18.

 5. Annink KV, de Vries LS, Groenendaal F, van den Heuvel MP, van Haren 
NEM, Swaab H, et al. The long-term effect of perinatal asphyxia on 
hippocampal volumes. Pediatr Res 2019;85:43-9.

 6. Shankaran S, Pappas A, McDonald SA, Vohr BR, Hintz SR, Yolton K, et al. 
Childhood outcomes after hypothermia for neonatal encephalopathy. N 
Engl J Med 2012;366:2085-92.

 7. Papile LA, Baley JE, Benitz W, Cummings J, Carlo WA, Eichenwald E, et al. 
Hypothermia and neonatal encephalopathy. Pediatrics 2014;133:1146-
50.

 8. Azzopardi D, Strohm B, Marlow N, Brocklehurst P, Deierl A, Eddama 
O, et al. Effects of hypothermia for perinatal asphyxia on childhood 
outcomes. N Engl J Med 2014;371:140-9.

 9. Oorschot DE, Sizemore RJ, Amer AR. Treatment of neonatal hypoxic-
ischemic encephalopathy with erythropoietin alone, and erythropoietin 
combined with hypothermia: history, current status, and future research. 
Int J Mol Sci 2020;21:1487.

10. Juul SE, Comstock BA, Heagerty PJ, Mayock DE, Goodman AM, Hauge 
S, et al. High-Dose Erythropoietin for Asphyxia and Encephalopathy 
(HEAL): a randomized controlled trial - background, aims, and study 
protocol. Neonatology 2018;113:331-8.

11. Rüegger CM, Davis PG, Cheong JL. Xenon as an adjuvant to therapeutic 
hypothermia in near-term and term newborns with hypoxic-ischaemic 
encephalopathy. Cochrane Database Syst Rev 2018;8:Cd012753.

How to cite this article: Suh ES. Recent studies are focus on 
the new treatments for hypoxic-ischemic encephalopathy (HIE) 
and long-term outcomes in later childhood and adolescence in 
children with a history on HIE. Clin Exp Pediatr 2021;64: 628-
9. https://doi.org/10.3345/cep.2021.00822

reduced risk of cerebral palsy, improved cognitive function and 
psychomotor outcomes.

However, several studies have indicated that therapeutic 
hypothermia alone is not sufficient to reduce mortality and long-
term disability at 18 months. In addition, cognitive problems re-
main a concern for patients with HIE at school age.9) Therefore, 
several neuroprotective drugs that could be used with hypo-
thermia treatment include Epo, xenon, melatonin, stem cells, and 
antiepileptic agents. Epo has remarkable neuropro tective and 
neuroregenerative effects on neurons and oligodendrocytes.10) 
Several clinical trials are currently ongoing, aiming to determine 
the primary outcome and neurodevelopmental disability at 6–18 
months.3,4,9) After the studies are completed and their results 
are promising, a long-term study in school-age children will be 
necessary.

Xenon is an odorless, dense, monoatomic gas that has been 
approved as an inhalational anesthetic in adults. Xenon rapidly 
crosses the blood-brain barrier and depresses amplitude –
integrated electroencephalographic background voltage activity 
and suppressant effects in neonates with HIE.11) The current 
evidence is insufficient for combination therapy with hypo-
thermia.4,11) Melatonin combined with hypothermia re duced 
seizure frequency and improved outcomes without neurologic 
disability compared to hypothermia alone. However, there have 
been no long-term studies of its effectiveness.4)

See the article “Cognitive outcomes in late childhood and 
adolescence of neonatal hypoxic-ischemic encephalopathy” via 
https://doi.org/10.3345/cep.2021.00164.

Footnotes

Conflicts of interest: No potential conflict of interest relevant to 
this article was reported.

ORCID: 
Eun Sook Suh iD http://orcid.org/0000-0002-6614-6665

https://doi.org/10.3345/cep.2021.00822
https://doi.org/10.3345/cep.2021.00164

