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While the number of survivors of term hypoxic-ischemic

encephalopathy (HIE) is lower than the number of survivors of

extreme prematurity, the proportion of neonates with long-term

sequelae is higher. All neonates with Sarnat stages 2 (moderate) and

3 (severe) should be enrolled in follow-up programs. The present paper

discusses the clinical and imaging diagnostic criteria for HIE, which

are essential to decisions about follow-up. Prognostic indicators are

also summarized. The recommendations for follow-up and interven-

tion are based on the clinical condition of the baby at the time of dis-

charge from intensive care, including an assessment of feeding,

vision, hearing and whether seizures continue to be present. Early

assessments (at four to eight months) focus on head growth, general

health and motor neurodevelopment. Assessments at 12 to 24 months

focus on cognitive skills and language development. Preschool assess-

ments are also strongly recommended to provide for the identifica-

tion of children requiring early education programs. Knowledge of

long-term outcome and its secular changes enhance prognostication,

and the evaluation of new preventive and therapeutic approaches.
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Le suivi du nourrisson à terme après une
encéphalopathie hypoxique-ischémique

Le nombre de survivants d’une encéphalopathie hypoxique-ischémique

(EHI) est plus faible que le nombre de grands prématurés survivants, mais

la proportion de nouveau-nés ayant des séquelles à long terme est plus

élevée. Tous les nouveau-nés au stade de Sarnat 2 (modéré) et 3 (grave)

devraient être inscrits à un programme de suivi. Le présent article traite

des critères diagnostiques cliniques et d’imagerie de l’EHI, essentiels pour

prendre des décisions au sujet du suivi. Les indicateurs pronostiques sont

également résumés. Les recommandations de suivi et d’interventions

dépendent de l’état clinique du bébé au moment du congé des soins

intensifs, y compris une évaluation de son alimentation, de sa vue, de son

ouïe et de la présence ou de l’absence de convulsions. Les premières

évaluations (entre quatre et huit mois) sont axées sur la circonférence

crânienne, l’état de santé général et la neurologie du développement

moteur. Les évaluations entre 12 et 24 mois portent sur les aptitudes

cognitives et le développement du langage. De plus, les évaluations

préscolaires sont fortement recommandées afin de dépister les enfants

ayant besoin d’un programme d’éducation précoce. Le fait de connaître le

sort et les changements à long terme améliore le pronostic ainsi que

l’évaluation de nouvelles démarches préventives et thérapeutiques.

The goals of follow-up are to detect impairment or nor-

mality, keep parents informed, promote early interven-

tion and detect changes in outcomes. The purposes of the

present paper are to describe a follow-up regimen for new-

born infants with hypoxic-ischemic encephalopathy (HIE)

and to explain its basis. The basis depends on accurate diag-

nosis of neonatal HIE, which is needed to identify, catego-

rize and select patients for follow-up. Therefore, we

summarize the literature on prediction of outcome in the

first days after birth, which is needed to provide informa-

tion to families and to individualize follow-up. Based on

the prognosis of appropriately categorized infants, a plan

of follow-up and early intervention is suggested.

DEFINITION OF HIE

Neonatal HIE is an acute, nonstatic encephalopathy caused

by intrapartum or late antepartum brain hypoxia and

ischemia. Persistent hypoxia implies ‘asphyxia’, usually asso-

ciated with hypercarbia and causing metabolic acidosis. The

latter – in effect, a cumulative oxygen debt – is quantified in

blood by the base deficit value. The effects of hypoxia on

the perfusion of individual organs or vascular territories

depend on a number of variables. Ischemia (insufficient

blood to supply needs) of the ‘nonessential’ organs occurs in

early hypoxia; with prolongation, the essential organs

(brain, heart and adrenal glands) also become ischemic.

Brain ‘hypoxia-ischemia’ results in HIE with its clinical

manifestations (1,2).

HIE severe enough to cause permanent brain injury is

conventionally defined retrospectively by consensus-based

criteria (3,4), together constituting a clinical syndrome that

describes a causal pathway of HIE (5). The pathway

includes evidence of fetal difficulty in the final hours before

birth, depression at birth and the need for resuscitation,

severe metabolic acidosis, neonatal clinical and imaging

signs of acute neurological abnormalities, evidence of dys-

function of other systems and exclusion of other causes of

neonatal encephalopathy (4).

Certain caveats are necessary regarding the individual cri-

teria for the neonatal diagnosis of HIE. Data are commonly
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missing, inaccurate and inconsistent, particularly for blood

gases, Apgar scores, appropriate brain imaging and results of

testing for organ dysfunction. The consensus criteria are

probably restrictive, as evidenced by data from clinical trials

of hypothermia to prevent brain injury in infants with HIE

(eg, the 5 min Apgar score was greater than 3 in 27% of

subjects in one trial and greater than 5 in 9% in another)

(6,7). The consensus criteria changed significantly in the

past decade, and more changes are anticipated as new

research results are published. Further, hypoxic-ischemic

insults in the recent antepartum period (measured in hours)

may result in a similar obstetric and neonatal clinical pic-

ture, as well as identical brain injuries. With insults less

proximal to birth, the clinical presentation is often

delayed until well after birth and does not conform with

the consensus-based criteria (8). Another caveat pertains

to near-term infants (35 to 36 weeks), in whom the diag-

nosis of HIE may be confounded by hypotonia of prematu-

rity. Despite these limitations, consensus criteria for HIE

provide a useful framework.

The diagnosis of postasphyxial HIE may be difficult

when conditions that cause or predispose to intrapartum

asphyxia coexist with evidence of intrapartum asphyxia.

Examples include chorioamnionitis, septic or hemorrhagic

shock, cranial birth trauma, bilateral stroke involving two

or more vascular territories, and neonatal hypoglycemia.

HIE may also result from an asphyxial event occurring post-

natally or from postnatal complications of prenatal disor-

ders (eg, persistent pulmonary hypertension).

The three-stage categorization of HIE of Sarnat and

Sarnat (1) is in common use; the most severe stage in serial

examinations, between 1 h and seven days of life, is the

stage most useful in prognosis and follow-up decisions (9).

Other classifications of HIE are mentioned by Volpe (2),

although long-term prognosis for neonates with stage 2 HIE

is also not well clarified.

INVESTIGATION OF NEONATES AFTER

ASPHYXIA AND WITH SIGNS OF

ENCEPHALOPATHY

Neonatal investigations contribute to diagnostic and prog-

nostic accuracy. Umbilical arterial and venous blood at

birth, and samples from the newborn infant in the first hour

or two after birth (although subject to various false-positive

and false-negative results and difficulties of interpretation),

are useful for the diagnosis of HIE (4). Pertinent brain

imaging and electroencephalography have important diag-

nostic and prognostic roles in HIE. Other causes of neona-

tal encephalopathy should be excluded (4).

SUMMARY OF PROGNOSTIC INDICATORS 

IN THE FIRST DAYS AFTER BIRTH

Follow-up planning can wait until near discharge. As the

neonatal illness progresses over the first few days, more

information becomes available, and the accuracy of predic-

tion of outcome of survivors improves. Reported useful pre-

dictors include fetal cardiotochography, administration of

chest compressions at birth, severity of metabolic acidosis at

birth, duration of apnea after birth, encephalopathy category,

age of seizure onset, neonatal behavioural examination,

electroencephalogram changes and brain imaging (10-15).

Definition of the asphyxial time course and sites of brain

pathology on imaging may contribute prognostic informa-

tion (15). An understanding of the associations between

time course of asphyxial insult, brain pathology, brain imag-

ing findings and long-term disability, based on observations

in animals and humans (16-18), is summarized in Table 1.

Brain-damaging, acute, near-total asphyxial insults (eg, as

caused by uterine rupture) are usually accompanied by con-

tinuous bradycardia that leads to emergency delivery and

are associated with a central pattern of brain damage with

relative cortical sparing. On the other hand, brain-damaging,

prolonged, partial asphyxial insults (eg, as seen with func-

tional placental insufficiency) are usually accompanied by

intermittent fetal heart rate decelerations of longer dura-

tion, and are associated with cortical injury in the water-

shed zones and relative sparing of the central grey matter.

Prolongation of either type of asphyxial insult results in

more global damage.

RECOMMENDATIONS FOR FOLLOW-UP 

AND INTERVENTION

The timing and type of individual childhood follow-up after

HIE are based on the detectability of impairments as follows:

severe motor or sensory loss (first year), low developmental

quotient (second year), fine and gross motor dysfunction

(two to four years), abnormalities in cognitive function (four

to seven years) and learning disabilities (seven to nine years)

(19). Levene (20) commented that cognitive impairment, as

measured by IQ, appears to represent a continuum of disabil-

ity reflecting the severity of the asphyxial insult. This differs

from the assertion that adverse outcomes of postasphyxial
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TABLE 1
Relationships between time course of asphyxial insult,
site(s) of brain injury and type of disability

Typical site of
Time course* brain injury Disability

Acute, Moderate Basal ganglia Athetoid or dystonic CP,

near-total and thalami intact or mildly impaired 

cognitive development

Severe or Cerebral cortex Severe, spastic 

prolonged added to basal quadriplegia, cortical 

ganglia and thalami visual impairment, 

microcephaly, 

cognitive deficit

Prolonged, Moderate Watershed regions Moderate, spastic 

partial quadriplegia, variable

cognitive deficit

Severe Extensive cortical Spastic quadriplegia,

pathology severe cognitive 

impairment, cortical 

visual impairment,

microcephaly

*See references 16-18. CP Cerebral palsy
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HIE are restricted to cerebral palsy of the quadriplegic or

dyskinetic types (4). Recommended standardized measure-

ments and their times of administration for high-risk newborns

are available (21).

RECOMMENDATIONS FOR THE NEWBORN

PERIOD, BEFORE HOSPITAL DISCHARGE

Intensive follow-up for those most likely to have severe

disability

Surviving neonates with stage 3 HIE, as well as those with

stage 2 HIE and feeding and swallowing difficulties, should

be referred directly to a developmental therapist, and, if

severe, to a feeding team. Referral before hospital discharge

helps parents to learn how to use community resources,

including respite. Acceptance of a shared-care concept for

the severely disabled child greatly assists the parents in

future years. Parents should also be aware of the risk of post-

discharge death of the most severely affected infants.

Vision loss

Because of the possibility of damage of the posterior visual

pathway, including the primary visual cortex, the indica-

tions for early referral to a paediatric ophthalmologist

include the following: stage 3 HIE, stage 2 HIE with an

abnormal neurological examination or reduced visual

awareness at hospital discharge, and stroke associated with

HIE. Although cortical visual impairment may improve

with time, close monitoring and appropriate intervention

by an ophthalmologist can avoid secondary amblyopia,

with optimal preservation of vision. Ophthalmological

examination may have other benefits, such as revealing

optic atrophy or optic nerve hypoplasia.

Sensorineural hearing loss

The assessment of sensorineural hearing by testing brain-

stem evoked responses is indicated after intrapartum

asphyxia and before discharge from hospital (22). Should

persistent pulmonary hypertension of the newborn accom-

pany the diagnosis of HIE, the child is at risk for late-onset

sensorineural hearing loss (23), and repeated testing in early

childhood is indicated.

Seizures

More than one-half of infants with HIE have neonatal

seizures (24). Epilepsy develops by 3.5 years of age in 10% of

subjects (9); few develop epilepsy after this age (25,26).

Neonates with continuing, difficult-to-treat neonatal

seizures should have postdischarge medical supervision by a

physician with knowledge of epilepsy.

Head circumference and growth

The head circumference at birth is an important baseline

parameter; measurements below the third percentile may

indicate that brain pathology preceded the intrapartum

asphyxia, whereas a normal baseline with subsequent

decelerated growth suggests a peripartum cause. A decrease

of head circumference growth in the early months, as

determined by serial measurements, is associated an with

adverse outcome (27-29).

Newborns with HIE who are feeding adequately on 

discharge

Newborns with HIE who are feeding adequately on dis-

charge – the majority of cases of HIE – fall into two groups.

Those with stage 1 encephalopathy, including hyperalert-

ness and hyperexcitability and no hypotonia, should be

discharged to regular care unless they have a secondary

diagnosis requiring specialized follow-up; their parents

should be assured of their good prognosis (26,30). We rec-

ommend that those with any degree of hypotonia for any

duration or abnormalities on cranial imaging should attend

a developmental follow-up clinic. Low shoulder girdle

muscle tone implies a watershed lesion for which regular

follow-up is indicated. In the authors’ opinion, follow-up is

indicated for all infants surviving stages 2 and 3 HIE, as

well as those with encephalopathic signs persisting at dis-

charge (21).

Later sequelae of neonatal HIE

Neonatal HIE in infants with a gestational age of 34 weeks

or more was considered the likely cause of cerebral palsy in

23 of 152 cases (15%) born in western Sweden in 1995 to

1998 (numbers derived from Table 1), most commonly spas-

tic quadriplegia and dyskinetic cerebral palsy (8).

Prevalence of the latter has increased (8), which may be

related to an increased rate of vaginal birth after previous

cesarean section (31). Hemiplegic and diplegic spastic cere-

bral palsy and ataxia are uncommonly attributable to

neonatal HIE (32). Severe cerebral palsy is usually detected

by 12 months and less severe cerebral palsy by two years of

age; dystonia and athetosis are occasionally detected later.

Developmental delay without motor sequelae may result

from neonatal HIE (20,33), and less severe cognitive

deficits without motor sequelae may not be detected until

school age (26,33).

RECOMMENDATION FOR THE FOUR- TO

EIGHT-MONTH NEURODEVELOPMENTAL

FOLLOW-UP VISIT

For the more severely involved neonates, several early

assessments may be necessary to initiate early interven-

tion. Key concerns are adequate feeding and nutrition,

head growth, visual awareness and motor development.

Oral-motor function, including facial and mouth muscle

tone, salivary control, coordination of feeding and swal-

lowing, and early vocalization, are evaluated. At six

months, the opportunity exists to ensure that primitive

reflexes have subsided, balance reactions are developing

and muscle tone has normalized. For those infants with-

out a chronic neurological diagnosis, assessment by a

physical therapist with a standardized measure (34-36) to

monitor progress and guide therapy is useful. Other stan-

dardized neurological or visual tests (37) may be similarly

valuable.
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RECOMMENDATIONS FOR 12- TO 24-MONTH

NEURODEVELOPMENTAL FOLLOW-UP VISITS

For most survivors not referred to paediatric rehabilitation

programs, follow-up is recommended between 12 and

24 months, ensuring ongoing multidisciplinary team moni-

toring. By 18 to 24 months, motor impairment, including

oral-motor dyspraxia, can be confirmed. We recommend

that the Bayley III cognitive, language, motor and adaptive

behavioural scales (35) be conducted at this time, if not

precluded by severe motor, mental or visual impairment.

Enrolment in early learning programs is encouraged.

Language scores lower than mental scores are not uncom-

mon after bilateral asphyxial watershed injury at term;

referral to a speech-language pathologist is helpful. If hear-

ing loss of late onset is suspected for any reason, audiologi-

cal examination is repeated.

RECOMMENDATIONS FOR THE THREE- TO

FIVE-YEAR ASSESSMENT

A three-year assessment provides the child with the oppor-

tunity of referral to an early educational program. A speech

and language assessment rules out oral-motor dyspraxia or

language disorders. Isolated cognitive deficit occurs more

commonly than in the general population (33,38), and

school-readiness delay is found in almost one-half of the

nondisabled survivors (25). A number of measures may be

used to evaluate cognitive and adaptive behavioural func-

tion (21). Examination of gross motor skills, especially

those requiring balance, and fine motor skills, especially

motor speed and visual attention, are important (33).

RECOMMENDATIONS FOR THE EIGHT- TO 

10-YEAR ASSESSMENT

Most children requiring specialized educational assistance

are identified by school age. For those remaining with

school difficulties, assessments to be offered include the

Wechsler Intelligence Scale for Children – IV (39), a

school achievement test (40,41), and measures of language

and auditory processing (33). An adaptive behavioural meas-

ure (42) is recommended to support findings of the cognitive

assessment. In some cases, a neuropsychological screen (43)

or referral to a neuropsychologist may be indicated.

THE FUTURE

Follow-up is based on prognostication. Outcome predic-

tions are improving, qualitatively and quantitatively, based

on developing epidemiological and statistical methods, as

well as better definition of neuropathology and neuropatho-

physiology by brain imaging and electrophysiology. Better

predictive data from prospective, geographically based clin-

ical research with interdisciplinary participation will con-

tribute to improved prognostication. A culture of

multicentre collaboration through the implementation of

large clinical trials and disease registries will contribute to

progress. Follow-up challenges will continue as long as the

prevention or cure of postasphyxial HIE is beyond our reach.
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