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Introduction

Perinatal asphyxia : 

lack of oxygen to organ systems 

hypoxic or ischemic insult 

close temporal proximity to labor (peripartum) and delivery 
(intrapartum). 

Lack of oxygen - multi-organ failure with brain involvement as the major organ 
of concern (HIE).  Heart, kidney, lung, and liver are frequently affected. 

The term ‘birth asphyxia’ should be avoided!
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Commonly used terms

Hypoxemia – Abnormally low blood 
oxygen levels in the blood

Hypoxia – Abnormally low blood oxygen 
levels in the body tissue

Ischemia – Reduction or complete cessation 
of blood flow to an organ, which 
compromises both oxygen delivery 
(hypoxia) and substrate delivery to an organ



Definition

ACOG published neonatal signs consistent with an acute perinatal hypoxic-
ischemic event include:

●APGAR score of <5 at 5 minutes and 10 minutes

●Fetal umbilical artery pH <7.0, or base deficit ≥12 mmol/L, or both

●Brain injury seen on brain MRI or MR spectroscopy 

●Presence of multisystem organ failure consistent with HIE



Why should we care?



Etiology of Neonatal HIE

Usually happens at  1 of 4 levels: 

1. Maternal Systemic circulation: 

cardiopulmonary arrest, eclampsia, 

hypovolemic shock, trauma. 

2. Uterus: Uterine rupture

3. Placenta: Placental Abruption 

4. Cord: Compression, knot, prolapse



Pathophysiology



Clinical Presentation

Infants with HIE present with neurological symptoms, whose severity is 
classified based on the modified Sarnat and Sarnat staging. 

May be associated with evidence of other end-organ damage such as 
coagulopathy, raised liver enzymes, acute renal failure, hypotension, 
persistent fetal circulation (PPHN) and/or respiratory failure.



Sarnat and Sarnat 
Staging

Simplified…



Cerebral Function Monitoring (CFM)

A bedside tool for cerebral function monitoring in term and near-term 
infants is the amplitude-integrated EEG (aEEG). 

Records a single channel EEG from biparietal electrodes, and the signal 
is then filtered, rectified, smoothened, and amplitude-integrated. The 
aEEG interpretation is based primarily on pattern recognition.

The aEEG correlates well with conventional EEG.



CFM



Amplitude integrated EEG



CFM

aEEG predicts neurodevelopmental outcome in term infants with HIE 

Spitzmiller et al., 2007

Coupled with an early neurologic examination, the aEEG correlates well 
with persistent encephalopathy. 

aEEG should become part of the initial evaluation of near-term and term 
infants with HIE. 

Not been proven to reliably detect subclinical seizures, Freeman, 2007



Management…..



Management: Goals

Therapeutic Hypothermia: Current Standard of care

Ventilation

Maintain 

normocapnia 

(40-50 mmHg) 

Cardiovascular

Maintain 

normal Blood 

pressure 

Treat Seizures

Phenobarbitone, 

Phenytoin, 

Levetiracetam, 

Midazolam

Fluids: avoid 
hypoglycemia 
and 
hyperglycemia 

Avoid hyperoxia

Others



Therapeutic Hypothermia



Therapeutic Hypothermia (TH): 
History

The earliest recommendations for induced hypothermia can be traced 
back to the Ancient World. The Egyptians, Greeks and Romans first 
recommended induced cooling for battle-inflicted trauma and a variety 
of cerebral disturbances. 

Celcus AC. On Medicine, Books 1-4. 1-100 AD. Harvard University Press, Loeb Classical Library; 
pp. 1–512.

Hippocrates observed that infants exposed in the open air survived 
much longer in winter than summer.

Hippocrates De Vetere Medicina. 460–375 BC. Harvard University Press, Loeb Classical Library; 

pp. 1–432.



TH: History

Physiologists Claude Bernard and William Edwards first described 

the effects of hypothermia on the human body and observed that 

asphyxiated newborn kittens continue to gasp for longer intervals 

when actively cooled.

Edwards WF. Philadelphia, Haswell, Barrington and Haswell, London: 1832. 

On the Influence of Physical Agents on Life. pp. 1–489.

Bernard C. Leçons sur la Chaleur Animale. J. B. Baillière; Paris: 1876. pp. 1–

471.



TH: History

The apparent protective effects of hypothermia led to small, 
uncontrolled studies in the 1950s and 1960s in which infants who were 
not breathing spontaneously at 5 minutes after birth were immersed in 
cold water until respiration began and then allowed to spontaneously 
rewarm over many hours.

Westin B, Miller JA, Jr., Nyberg R, Wedenberg E. Surgery. 1959

Neonatal outcomes were reported to be better than historical controls in 
over 200 asphyxiated neonates.

Miller JA, Jr., Miller FS. Exp Med Biol. 1972



Trials in modern era

• Shankaran S, Laptook A, Wright LL, et al. Pediatrics 2002

• Akisu M, Huseyinov A, Yalaz M, Cetin H, Kultursay N. 
Prostaglandins Leukot Essent Fatty Acids 2003

• Shankaran S, Laptook AR, Ehrenkranz RA, et al. N Engl J Med 2005

• Cool Cap trial, PD Gluckman, Lancet 2005

• Simbruner G, et al neo.NEURO. Neo-network Pediatrics 2010

Common findings: Therapeutic Hypothermia is neuroprotective



How it works…



TH: Mechanism

The precise mechanisms of hypothermic neuroprotection are still unclear. 

Broadly, cooling suppresses many of the pathways leading to delayed cell 
death. 

Reduces cellular metabolic demand, excessive accumulation of cytotoxins 
e.g., glutamate and oxygen free radicals during hypoxia-ischemia and 

Inhibits post-ischemic inflammatory reaction and the intracellular 
pathways leading to apoptosis-like cell death.

Wassink G et al. Front Neurosci. 2014, Thoresen M et al Neuroreport. 1997



Schematic diagram showing the phases of primary and secondary energy failure after hypoxia-ischemia on magnetic resonance 
spectroscopy (MRS), and the amelioration of secondary energy failure with therapeutic hypothermia started during the latent 
phase after transient hypoxia-ischemia in a newborn piglet. Upper panel shows phosphorus-31 MRS NTP/EPP peak area ratio at 
baseline, during and after hypoxia-ischemia. The preservation of high energy phosphates with hypothermia versus 
normothermia is shown on the diagram (blue line versus red line) and in the representative spectra at 48 h (red 
normothermia, blue hypothermia). Lower panel shows proton MRS lactate/NAA peak area ratio at baseline, and during and 
after hypoxia-ischemia. The amelioration of the rise in lactate/NAA with hypothermia versus normothermia is shown on the 
diagram (blue line versus red line) and in the representative spectra at 48 h (red normothermia, blue hypothermia). NTP: 
nucleotide tri-phosphate; EPP: exchangeable phosphate pool; NAA: N-acetyl aspartate.



When to cool….



Criteria

≥ 35 weeks gestational age and more than 1.8kgs.

< 6 hrs post birth

Evidence of asphyxia as defined by the presence of at least two of the 
following four criteria: 

• Apgar ≤5 at 10 minutes or continued need for resuscitation with positive 
pressure ventilation +/- chest compressions at 1

• Cord pH  or arterial <7.0 or base deficit of 12 or more within 60 min of birth 

Clinically defined moderate or severe HIE (stage 2 or 3 based on 
modified Sarnat and Sarnat Classification)

Royal Children’s Hospital Melbourne 2019



Main features of TH

Esophageal or rectal 
temperature probe Goal 
Temperature: 33C +/-
0.5C

Vitals monitoring at 
15 minutes interval.

Cooling: 72 Houirs

Gradual warming after 
72 hrs of cooling with 
0.5c increase every hr

until normothermia

Hyperthermia must be avoided at all costs



Feeding or not feeding?

Popular practice is to keep the infant NBM during the period of cooling 
and rewarming. 

A recent survey found that many units offer small volumes of enteral 
feeds (breastmilk) during the period of therapeutic hypothermia 

Hazeldine 2018 BMJ Paediatrics



Feeding or not feeding? 

A recent retrospective study found that administration of minimal 
enteral feeds is safe in infants undergoing therapeutic hypothermia for 
HIE 

Thyagarajan 2015 Acta Pediatr

Preferable to use expressed breast milk and the volume should be 
minimal (5-10 ml/kg/day).



Head cooling or Total  body cooling?



Selective head vs whole body cooling

EEG abnormalities and MRI findings of HIE were more prevalent in the 
SHC than in the WBC group. WBC may offer better or at least similar 
neuroprotection to infants with HIE.

No significant difference in short term and long-term outcome

Goenka A, Yozawitz E, Gomes WA, Nafday SM. Am J Perinatol 2019

https://www.ncbi.nlm.nih.gov/pubmed/?term=Goenka%20A%5BAuthor%5D&cauthor=true&cauthor_uid=31344712
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yozawitz%20E%5BAuthor%5D&cauthor=true&cauthor_uid=31344712
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gomes%20WA%5BAuthor%5D&cauthor=true&cauthor_uid=31344712
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nafday%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=31344712


Beyond 6 hours??



Effect of Therapeutic Hypothermia Initiated After 6 Hours of Age 
on Death or Disability Among Newborns With Hypoxic-Ischemic 
Encephalopathy: A Randomized Clinical Trial

Abbot R. Laptook, MD; Seetha Shankaran, MD Jon E. Tyson, MD, MPH et alBreda Munoz, PhD, Edward 
F. Bell, MD Ronald N. Goldberg, MD Nehal A. Parikh, DO, MS  et al, for the Eunice Kennedy Shriver National 
Institute of Child Health and Human Development Neonatal Research Network

JAMA. 2017;318(16)

Conclusions: Among term infants with HIE, hypothermia initiated at 6 to 24 hours 
after birth compared with non-cooling resulted in a 76% probability of any 
reduction in death or disability, and a 64% probability of at least 2% less death or 
disability at 18 to 22 months. Hypothermia initiated at 6 to 24 hours after birth may 
have benefit but there is uncertainty in its effectiveness.



Complications

1. Cardiovascular and respiratory

- Arrhythmia. Bradycardia

- Hypotension.

- Pulmonary hypertension

2. Blood gases: Hypothermia decreases O2 consumption and CO2 production; 
therefore, ventilator settings need to be monitored and adjusted to avoid 
hyperventilation that can cause cerebral vasoconstriction. Blood gas values are 
temperature dependent and need to evaluated at patient’s true temperature as 
these values can be altered.



3. Dermatologic:

- Skin breakdown: regular inspection of the infant’s skin is part of routine 
care during cooling. 

- Subcutaneous fat necrosis.

4. Hematologic - serial follow up required:

-Hypothermia-induced thrombocytopenia, coagulopathy

5. Metabolic: 

- Metabolic acidosis. Decreased cardiac output leading to reduced 
clearance of lactic acid.

- Altered glucose metabolism, decreased insulin sensitivity and 
secretion, leading to hyperglycemia; higher doses of insulin may be 
needed. 

Complications



Complications

6. Drug metabolism and excretion of drugs and metabolites might be 
modified by cooling, as well as the presence of hepatocellular and renal 
impairment complicating HIE. 

7. Infection: Although cooling has immunosuppressive effects, meta-
analysis of large trials did not show any increased incidence of infection 
in cooled infants. 



When to stop cooling?

Persistent hypoxemia with 100% Oxygen

Life threatening coagulopathy 

Arrythmia (except sinus bradycardia) requiring Rx

Rafat Mosalli, J Clin Neonatol, 2012 



Adjuvant therapies



Adjuvant therapy trials

Bilirubin has neuroprotective role when it is in the physiological range!
Children (Basel). 2018 Jul; 5(7): 99

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6069156/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6069156/


Outcomes

Mild HIE: 

Survival is expected. Recent evidence indicates that infants with mild HIE 
have increased incidence of abnormal findings on the MRI of the brain as 
well as long term neurodevelopmental outcome. 

Conway 2018 Early Hum Dev



Outcome

Moderate HIE:

Moderate to severe HIE undergoing therapeutic hypothermia have a 
mortality rate of around 14-17%. 

Cooled infants with moderate to severe HIE who survive have around 
18-23% incidence of moderate to severe disability.

Gardiner 2014 Eur J Paediatr Neurol, Buchiboyina 2017 Early Hum Dev



Outcomes

Severe HIE: 

50-75% mortality by 1 month. 80% of survivors suffer from significant 
mental retardation, cerebral palsy, seizures.



Take Home Messages

• Prevention is better than cure, even with TH, outcome could be bad

• Therapeutic Hypothermia is the recommended modality of treatment 
for perinatal asphyxia

• The sooner the better, preferably within 6 hours, decision making is 
crucial

• Currently recommended for 35 weeks or more and 1.8 Kg or more

• Whole body cooling and selective head cooling equally effective





Stay safe, stay away but stay connected!



Thank you ☺


