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Learning Objectives

• Epidemiology of hypoxic ischemic encephalopathy
• Distinguish HIE from other forms of encephalopathy
• Describe the phases of brain injury in hypoxic ischemic 

encephalopathy. 
• Identify which infants are at risk for HIE
• Review management options for HIE

– Therapeutic hypothermia (cooling)

• Discuss prognosis of HIE exposed infants
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Neonatal Encephalopathy

• Complex disease of the newborn
– Characterized by an altered level of consciousness
– Seizures
– Poor tone
– Inability to initiate or maintain respiration, and 
– Multi organ dysfunction 
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Introduction

• Hypoxic – Drop in 
oxygenation level (specifically 
to brain)

• Ischemia –insufficient blood 
flow to maintain normal 
function (in this case, the 
brain)

• Encephalopathy – A disease 
in which the functioning of the 
brain is affected by some 
agent or condition



Introduction

• Hypoxic ischemic encephalopathy is a kind of brain 
dysfunction characterized by clinical and 
neuropathological findings of an encephalopathy that 
occurs in a neonate >35 weeks of gestation who has 
experienced a significant episode of intrapartum 
asphyxia. 
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Introduction

• The reported incidence of HIE varies from 0.5–5/1000 live births in 
developed countries and 10-100/1000 livebirths in LMIC

– 20-30% die or have multiple disabilities
– 4% have mild to moderate forms of cerebral palsy
– 10% have developmental delay
– 50% survivors with permanent neurodevelopmental abnormalities

• Leading cause of death or severe impairment in infants, worldwide

• Commonest cause of malpractice law-suits in the developed countries. 

Jacobs SE, Berg M, Hunt R et al. Cooling for newborns with hypoxic ischemic encephalopathy. Cochrane Database Syst Rev 2013; (1): CD003311. 
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$16 million



Pathophysiology of Hypoxic Ischemic 
Encephalopathy



Pathophysiology

  Brain Characteristics
– 2% of body mass
– Consumes 15% energy 

generated
– Depends on supply of O2 & 

glucose by blood
– Body shunts blood to brain in 

emergencies
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Pathophysiology

‘1st 6 hours 
is crucial’
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‘…multiple potential causal 
pathways lead to cerebral palsy 

in term infants’

Remember



• Knowledge gaps 
– still preclude a definitive test or 
– set of biomarkers that 
– accurately identifies an infant with HIE 
– attributable to an intrapartum event 
– with high sensitivity/specificity

Challenges to diagnosis and management



Markers of an acute peripartum or intrapartum 
hypoxic-ischemic event
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How likely an acute hypoxic-ischemic event 
that occurred in close temporal proximity to 

labor and delivery?



Etiological factors for Hypoxic Ischemic 
Encephalopathy?
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How likely an acute hypoxic-ischemic event that occurred in 
close temporal proximity to labor and delivery

Case Definition
• Disturbed neurologic function 
• >=35 weeks of gestation
• Subnormal consciousness or 

seizures
• Difficulty in initiating and 

maintaining respiration 



How likely an acute hypoxic-ischemic event that occurred in 
close temporal proximity to labor and delivery

Neonatal signs consistent with 
an acute peripartum or 

intrapartum event

• Apgar <5 at 5 and 10 mins
• Fetal umbilical acidemia

– pH <7.0
– Base excess >=12 mM/L
– Both

• Neuroimaging evidence of brain 
injury
– MRI (24-96 hours; 10th day of life)
– MRS (spectroscopy)

• Multi-organ failure consistent with 
HIE
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How likely an acute hypoxic-ischemic event that occurred in 
close temporal proximity to labor and delivery

Neonatal signs consistent with 
an acute peripartum or 

intrapartum event

• Apgar <5 at 5 and 10 mins
• Fetal umbilical acidemia

– pH <7.0
– Base excess >=12 mM/L
– Both

• Neuroimaging evidence of brain 
injury
– MRI (24-96 hours; 10th day of life)
– MRS (spectroscopy)

• Multi-organ failure consistent with 
HIE

• If ABG pH is >7.2, encephalopathy is unlikely 
due to HIE

• Even with significant acidemia, most infants 
would be neurologically normal

• pH, pO2, and pCO2 remain unchanged upto 
60 mins post delivery in clamped vessels



How likely an acute hypoxic-ischemic event that occurred in 
close temporal proximity to labor and delivery

Neonatal signs consistent with 
an acute peripartum or 

intrapartum event

• Apgar <5 at 5 and 10 mins
• Fetal umbilical acidemia

– pH <7.0
– Base excess >=12 mM/L
– Both

• Neuroimaging evidence of 
brain injury
– MRI (24-96 hours; 10th day of life)
– MRS (spectroscopy)

• Multi-organ failure consistent with 
HIE

• If brain MRI or MRS obtained in the 1st 24 hours are 
normal, encephalopathy is unlikely due to HIE.

• MRI in 24-96 hours (timing of injury)

• MRI between 7-21 days (full extent of injury)

• Basal ganglial-thalamic +- Watershed zone pattern
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How likely an acute hypoxic-ischemic event that occurred in 
close temporal proximity to labor and delivery

Neonatal signs consistent with 
an acute peripartum or 

intrapartum event

• Apgar <5 at 5 and 10 mins
• Fetal umbilical acidemia

– pH <7.0
– Base excess >=12 mM/L
– Both

• Neuroimaging evidence of brain 
injury
– MRI (24-96 hours; 10th day of life)
– MRS (spectroscopy)

• Multi-organ failure consistent 
with HIE

• Presence of MOF increases the 
suspicion for HIE.

• Include renal, hepatic, 
hematologic, cardiac, 
gastrointestinal, metabolic



How likely an acute hypoxic-ischemic event that occurred in 
close temporal proximity to labor and delivery

• A sentinel hypoxic or ischemic event 
occurring immediately before or during 
labor and delivery

• Fetal heart rate monitor patterns consistent 
with an acute peripartum or intrapartum 
event

• Timing and type of brain injury patterns 
based on imaging studies consistent with 
an etiology of an acute peripartum or 
intrapartum event.

• No evidence of other proximal or distal 
factors that could be contributing

Type and timing of contributory 
factors that are consistent with 

an acute peripartum or 
intrapartum event
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• Uterine rupture
• Severe placental abruption
• Umbilical cord prolapse
• Amniotic fluid embolus 
• Maternal cardiovascular collapse
• Fetal exsanguination from vasa previa or 

massive feto-maternal bleeding



How likely an acute hypoxic-ischemic event that occurred in 
close temporal proximity to labor and delivery

• A sentinel hypoxic or ischemic event 
occurring immediately before or during 
labor and delivery

• Fetal heart rate monitor patterns 
consistent with an acute peripartum or 
intrapartum event

• Timing and type of brain injury patterns 
based on imaging studies consistent with 
an etiology of an acute peripartum or 
intrapartum event.

• No evidence of other proximal or distal 
factors that could be contributing

Type and timing of contributory 
factors that are consistent with 

an acute peripartum or 
intrapartum event

• Category I tracing converting to:

– Category III pattern
– Tachycardia with recurrent 

decelerations
– Persistent minimal variability with 

recurrent decelerations.
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How likely an acute hypoxic-ischemic event that occurred in 
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12 hours



How likely an acute hypoxic-ischemic event that occurred in 
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4 hours



How likely an acute hypoxic-ischemic event that occurred in 
close temporal proximity to labor and delivery

6 hours
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How likely an acute hypoxic-ischemic event that occurred in 
close temporal proximity to labor and delivery

• A sentinel hypoxic or ischemic event 
occurring immediately before or during 
labor and delivery

• Fetal heart rate monitor patterns consistent 
with an acute peripartum or intrapartum 
event

• Timing and type of brain injury patterns 
based on imaging studies consistent 
with an etiology of an acute peripartum 
or intrapartum event.

• No evidence of other proximal or distal 
factors that could be contributing

Type and timing of contributory 
factors that are consistent with 

an acute peripartum or 
intrapartum event

• If brain MRI or MRS obtained in the 1st 24 hours are 
normal, encephalopathy is unlikely due to HIE.

• MRI in 24-96 hours (timing of injury) – still limited

• MRI between 7-21 days (full extent of injury)

• Basal ganglial-thalamic +- Watershed zone pattern



How likely an acute hypoxic-ischemic event that occurred in 
close temporal proximity to labor and delivery

• A sentinel hypoxic or ischemic event 
occurring immediately before or during 
labor and delivery

• Fetal heart rate monitor patterns consistent 
with an acute peripartum or intrapartum 
event

• Timing and type of brain injury patterns 
based on imaging studies consistent with 
an etiology of an acute peripartum or 
intrapartum event.

• No evidence of other proximal or distal 
factors that could be contributing

Type and timing of contributory 
factors that are consistent with 

an acute peripartum or 
intrapartum event

• In the presence of significant risk factors
– IUGR
– Pre-eclampsia
– Diabetes
– ICP

• An acute intrapartum event as the sole 
underlying pathogenesis of neonatal HIE 
becomes less likely. 



How likely an acute hypoxic-ischemic event that occurred in 
close temporal proximity to labor and delivery

• Other subtypes of cerebral palsy 
are less likely to be associated 
with acute intrapartum HIE

• Other developmental 
abnormalities may occur, but they 
are not specific to acute 
intrapartum HIE and may arise 
from a variety of other causes

Developmental outcome of 
spastic quadriplegia or 

dyskinetic cerebral palsy



How likely an acute hypoxic-ischemic event that occurred in 
close temporal proximity to labor and delivery



The neonate is delivered, and HIE is 
suspected. So what now?



History taking



• Antepartum risk factors
– Sentinel event (uterine rupture, etc)
– Abnormal fetal tracing

• Depressed on initial assessment
– Generalized hypotonia
– Apgar score of <5 at 10 mins of life
– Active resuscitation at 10 mins

• Arterial blood gas result

Diagnosis of HIE (History)
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Physical examination



Sarnat HB, Sarnat MS. Neonatal encephalopathy following fetal distress: a clinical and electroencephalographic study. Arch Neurol 1976;33:696–705 

Clinical Staging of HIE (Sarnat and Sarnat)

https://jamanetwork.com/journals/jamaneurology/article-abstract/574959?redirect=true


Modified Clinical Staging of HIE (Sarnat and 
Sarnat)



Modified Clinical Staging of HIE (Sarnat and 
Sarnat)



Summary of Staging

• Mild (Stage 1)
– Hyperalertness, uninhibited reflexes, sympathetic over-activity, 

duration <24 hours.

• Moderate (Stage 2)
– Lethargy-stupor, hypotonia, suppressed primitive reflexes, 

seizures

• Severe (Stage 3)
– Coma, flaccid tone, suppressed brainstem function, seizures, 

increased ICP. 



Imaging/Other Investigations



Other assessment tools in HIE

• Amplitude-integrated EEG (aEEG)
– Determine which infant are at high risk for long term brain injury

• Evoked Potentials 
– Directly related to glycemic levels

• Cranial ultrasound 
– Has limited utility in the term infant; preferable in the preterm infant (calcifications)

• CT Scan 
– Less sensitive than MRI in detecting central gray nuclei
– Has limited utility to identify cortical injury during the 1st few days of life
– Identifies focal hemorrhagic lesions, diffuse cortical injury, and damage to basal ganglia



Management



Management

• Neuro-resuscitative measures to reduce cerebral edema – oxygen etc
• Treat seizures with phenobarbitone, dilantin, lorazepam
• Ensure physiological oxygen and acid-base balance
• Maintain environmental temperature and humidity
• Correct caloric, fluid and electrolyte disturbances
• Maintain blood volume and hemostasis
• Treat infection
• Excitatory amino acid antagonists, free oxygen radical 

inhibitors/scavengers, calcium channel blockers, nitric acid synthetase 
inhibitors

• Hypothermia
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Hypothermia
(Cooling)



Historical facts about 
cooling

How does cooling therapy work?

Which infants qualify for 
cooling therapy?

Outcomes after hypoxic 
ischemic encephalopathy and 

cooling therapy

Hypothermia (cooling)

Steps in cooling therapy



• Historically known that cooling a body down protects the nervous system
– Egyptians, Romans, Greeks – used cooling for battle wounds

• Hippocrates
– Discovered that babies did well during winter than summer

• In the 1950’s-60’s babies who experienced extreme birth events were dipped 
in cold water – higher chances of survival

• Animal studies demonstrated effect of cooling <6 hours

• Then the randomized controlled trials. 

Historical facts about cooling
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How does cooling work?



How does cooling work?

• Exact mechanism of action not known
– Decreased metabolic rate
– Decreased oxygen radicals in neonatal plasma
– Inhibits apoptosis
– Decreases overall inflammatory response

Decreased cell death
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Which infants qualify for cooling?
(Inclusion criteria)



• Refusal of parental consent
• Major congenital anomalies
• Severe IUGR
• Severe pulmonary hypertension
• Severe bleeding issues
• Moribund infant for whom further treatment would not 

improve outcome
• Infants older than 6 hours of age

Which infants qualify for cooling?
(Exclusion criteria)
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cooling

How does cooling therapy work?

Which infants qualify for 
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Hypothermia (cooling)

Cool cap Whole body cooling
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Outcome after HIE and cooling from published 
trials



Therapies combined with therapeutic 
hypothermia



Newer Modalities of Therapy
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Prognosis

• Depends on
– Apgar score of <5 at 10 minutes
– Grade 2 or more HIE
– Abnormal neurological findings on day 7
– Persistently abnormal EEG past 36 hours
– Continuous/repetitive seizures
– Abnormalities in thalamus/basal ganglia on MRI
– Multi-organ dysfunction



Biomarkers to predict brain injury in HIE

Massaro AN, Wu YW et al. Plasma Biomarkers of Brain Injury in Neonatal Hypoxic-Ischemic Encephalopathy. J Pediatr 2018; 194:67-75



In cases with delivery of a depressed newborn 
Apgar of <5 at 5 mins

• Obtain umbilical artery pH (properly)
• Submit placenta for pathological examination
• Review FHR pattern on admission (1st 30 minutes)
• Compare FHR 30 minutes before delivery
• Review maternal risk factors
• Review fetal antepartum conditions (e.g IUGR, LGA)
• Labor duration, especially 2nd stage
• Amniotic fluid status



Conclusions

• There are several causes of neonatal encephalopathy
– Hypoxic Ischemic Encephalopathy – Specifically lack of oxygen and blood flow due to ischemia.

• Pathophysiology of hypoxic ischemic encephalopathy is understood to a reasonable degree

• ACOG has criteria to recognize HIE most likely attributable to peripartum events

• Therapeutic cooling before 6 hours of neonatal life the only available intervention to prevent permanent 
brain damage – Standard of care

• MRI both early and late are essential. Perform placental pathology in all cases of low Apgar scores. 
Accurate blood gases are critical. 

• Promising research regarding biomarkers to predict HIE. New therapies in the horizon

• Prevention of HIE is key



Thank you!


