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Hypoxic Ischemic Hypoxic Ischemic 
Encephalopathy in NewbornsEncephalopathy in Newborns
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ChildrenChildren’’s National Medical Centers National Medical Center

EpidemiologyEpidemiology

In U.S., severe HIE is rareIn U.S., severe HIE is rare
22--4 cases / 1000 live births4 cases / 1000 live births
Mortality up to 50% in severe HIEMortality up to 50% in severe HIE
1515--20% mortality overall20% mortality overall
Up to 80% of surviving infants with severe HIE Up to 80% of surviving infants with severe HIE 
develop serious complications; 10develop serious complications; 10--20% develop 20% develop 
moderately serious disabilitiesmoderately serious disabilities
25% of survivors have permanent 25% of survivors have permanent 
neuropsychologicneuropsychologic deficitsdeficits

AsphyxiaAsphyxia

Criteria per AAP and ACOGCriteria per AAP and ACOG
Profound metabolic or mixed Profound metabolic or mixed acidemiaacidemia (pH < (pH < 
7.0) in cord blood7.0) in cord blood
Persistence Persistence ApgarApgar score of 0score of 0--3 for > 5 3 for > 5 
minutesminutes
Neurologic sequelae (seizures, coma, Neurologic sequelae (seizures, coma, 
hypotoniahypotonia))



2

Grading of HIE SeverityGrading of HIE Severity

Stupor or coma with Stupor or coma with 
diminished diminished 
responsiveness to stimuliresponsiveness to stimuli

May require ventilatory May require ventilatory 
supportsupport

Hypotonic and Hypotonic and 
depressed depressed DTRsDTRs

Abnormal cranial nerve Abnormal cranial nerve 
examexam

Seizures which occur Seizures which occur 
early and often initially early and often initially 
resistant to treatmentresistant to treatment

Autonomic irregularitiesAutonomic irregularities

Lethargic, hypotonic Lethargic, hypotonic 
and diminished and diminished DTRsDTRs

Sluggish or absent Sluggish or absent 
brainstem reflexesbrainstem reflexes

ApneaApnea
Seizures usually within Seizures usually within 

first 24 hrsfirst 24 hrs
Fully recovery within 1Fully recovery within 1--

2 weeks associated with 2 weeks associated with 
better long term better long term 
outcomeoutcome

Slightly increased Slightly increased 
tone and brisk tone and brisk DTRsDTRs
in first few daysin first few days

Transient Transient 
behavioral behavioral 
abnormalities (crying, abnormalities (crying, 
irritability, sleepiness)irritability, sleepiness)

Normal CNS exam Normal CNS exam 
by 3by 3--4 days of life4 days of life

Severe HIESevere HIEModerately Severe Moderately Severe 
HIEHIE

Mild HIEMild HIE

SarnatSarnat & & SarnatSarnat Clinical Staging of Clinical Staging of PerinatalPerinatal
Hypoxic Ischemic Brain Injury (1976)Hypoxic Ischemic Brain Injury (1976)

Hours to weeksHours to weeks22--14 days14 daysLess than 24hrsLess than 24hrsDurationDuration

MicrocephalyMicrocephaly, MR, , MR, 
CP, seizuresCP, seizures

Good prognosis if recovery Good prognosis if recovery 
within 5 dayswithin 5 days

Less than 24 hrsLess than 24 hrs
No sequelaeNo sequelae

PrognosisPrognosis

Deep, periodic EEG Deep, periodic EEG 
with burst patternwith burst pattern

First day low voltage then First day low voltage then 
bursting pattern and bursting pattern and 
multifocalmultifocal electrographic electrographic szsz

NormalNormalEEGEEG

UncommonUncommonCommonCommonNoneNoneSeizuresSeizures

Both systems Both systems 
suppressedsuppressed

Parasympathetic activationParasympathetic activationSympathetic Sympathetic 
activationactivation

Autonomic Autonomic 
ReflexesReflexes

SuppressionSuppressionSuppressedSuppressedNormalNormalPrimitive ReflexesPrimitive Reflexes

SuppressionSuppressionBriskBriskMildly briskMildly briskReflexesReflexes

Severe Severe hypotoniahypotoniaMild Mild hypotoniahypotonia
Cortical thumbingCortical thumbing

NormalNormalMotorMotor

AbsentAbsentWeak or absentWeak or absentWeak suckWeak suckCranial nervesCranial nerves

StuporousStuporousLethargic or obtundedLethargic or obtundedHyperalertHyperalertMental StateMental State

Stage 3Stage 3Stage 2Stage 2Stage 1Stage 1

Labs & StudiesLabs & Studies

Serum electrolytesSerum electrolytes
ImagingImaging

Head ultrasoundsHead ultrasounds
CT scans of head with/without contrastCT scans of head with/without contrast
MRI of brain with DWIMRI of brain with DWI

ElectrophysiologyElectrophysiology
EEGEEG
SSEPsSSEPs and/or and/or VEPsVEPs

Metabolic studiesMetabolic studies
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HistologicHistologic FindingsFindings

Selective neuronal necrosisSelective neuronal necrosis
Most commonMost common
Status Status marmoratusmarmoratus (delayed, lesions in basal (delayed, lesions in basal 
ganglia)ganglia)

ParasagittalParasagittal cerebral necrosis cerebral necrosis (bilateral)(bilateral)
Focal and multiFocal and multi--focal ischemic brain focal ischemic brain 
necrosis necrosis (MCA territory most common)(MCA territory most common)
PeriventricularPeriventricular leukomalacialeukomalacia

Preterm infantsPreterm infants

EEGEEG

NeuroimagingNeuroimaging

DOL #1 DOL #8
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NeuroimagingNeuroimaging

1 week old

NeuroimagingNeuroimaging

TreatmentTreatment

Support careSupport care
Ventilation, perfusion, metabolic statusVentilation, perfusion, metabolic status

Cerebral edemaCerebral edema
Treatment of seizuresTreatment of seizures

Phenobarbital, Phenobarbital, fosphenytoinfosphenytoin, , lorazepamlorazepam
NeuroprotectionNeuroprotection

AllopurinolAllopurinol, high, high--dose PB, NMDA antagonists dose PB, NMDA antagonists 
(MK801), hypothermia(MK801), hypothermia
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Seizure TreatmentSeizure Treatment
PhenobarbitalPhenobarbital

Loading: 20 mg/kg IV (may need multiple)Loading: 20 mg/kg IV (may need multiple)
Dosage: 4Dosage: 4--6 mg/kg/d 6 mg/kg/d divdeddivded q12hrsq12hrs
LevelsLevels

1010--30 30 µµg/mLg/mL →→ 40% seizure free40% seizure free
40 40 µµg/mLg/mL →→ 70% seizure free70% seizure free
100 100 µµg/mLg/mL →→ 77% seizure free77% seizure free
Addition of 2Addition of 2ndnd AED AED →→ 88% seizure free88% seizure free

FosphenytoinFosphenytoin
Loading: 20 mg/kg P.E. IV (usually multiple loads)Loading: 20 mg/kg P.E. IV (usually multiple loads)
Dosage: 7Dosage: 7--12 mg/kg/d 12 mg/kg/d divdeddivded q8hrsq8hrs

LorazepamLorazepam 0.050.05--0.1 mg/kg/dose0.1 mg/kg/dose

Neuroprotection Therapies Under Neuroprotection Therapies Under 
InvestigationInvestigation

OxygenOxygen--free radical inhibitorsfree radical inhibitors
SuperoxideSuperoxide dismutasedismutase, , endoperoxidaseendoperoxidase, , catalasecatalase, , allopurinolallopurinol, , 
indomethacinindomethacin

Endogenous scavengersEndogenous scavengers
Cholesterol, vitamin E, ascorbic acid, glutathione, 21Cholesterol, vitamin E, ascorbic acid, glutathione, 21--amino steroidsamino steroids

Excitatory Amino Acid Antagonists (NMDA or AMPA/QA antagonists)Excitatory Amino Acid Antagonists (NMDA or AMPA/QA antagonists)
MK801, MK801, ketamineketamine, , dextromethorphandextromethorphan, phencyclidine, NBQX, phencyclidine, NBQX

Calcium channel blockersCalcium channel blockers
Growth FactorsGrowth Factors
PhenobarbitalPhenobarbital
Hypothermia (systemic or focal cooling)Hypothermia (systemic or focal cooling)

Biochemical Indicators of Moderate or Biochemical Indicators of Moderate or 
Severe HIESevere HIE

9696575788888080SS--100 and 100 and 
Apgar(1min)Apgar(1min)

10010067679292100100SS--100 and 100 and 
cord BDcord BD

10010057578888100100SS--100 and 100 and 
cord pHcord pH

9595838396968383CKCK--BB and BB and 
Apgar(1min)Apgar(1min)

9191676791916767CKCK--BB and BB and 
cord BDcord BD

9191717191917171CKCK--BB and BB and 
cord pHcord pH

9595717191918383SS--100 & CK100 & CK--
BBBB

Spec (%)Spec (%)SensSens (%)(%)NPV (%)NPV (%)PPV (%)PPV (%)
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THE ENDTHE END


