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Early Prediction of the Development of Microcephaly After Hypoxic-

Ischemic Encephalopathy in the Full-Term Newborn

Isabel Cordes, MD*; Elke H. Roland, MD*; Brian A. Lupton, MB�; and Alan Hill, MD, PhD*

ABSTRACT. The development of microcephaly after
significant hypoxic-ischemic cerebral injury in the full-
term newborn has major prognostic significance. How-
ever, the onset of microcephaly in this context may be
delayed more than 12 months.

Objectives. To determine whether serial head circum-
ference measurements and decreased rate of head growth
in asphyxiated full-term newborns during the first few
months of life may predict the development of eventual
microcephaly.

Methodology. Serial head circumference measure-
ments at 4, 8, and 18 months of age were obtained in 54

full-term newborns who had acute, hypoxic-ischemic en-
cephalopathy. The rate of head growth was determined on
the basis of changes in head circumference ratios which
are calculated as follows: actual head circumference/mean
head circumference for age x 100%. Head circumference
ratios were correlated with severity of newborn encepha-
lopathy and outcome at 18 months.

Results. A decrease in head circumference ratios of
>3.1% between birth and 4 months of age was highly pre-
dictive of the eventual development of microcephaly be-
fore 18 months (sensitivity 90%, specificity 85%).

Conclusions. These data demonstrate that serial head
circumference measurements during the first 4 months of
life and calculation of decreased rate of head growth in
full-term newborns with hypoxic-ischemic encephalopa-
thy may predict microcephaly before its actual occurrence.
Pediatrics 1994;93:703-707; hypoxic-ischemic encephalopa-
thy, head circumference, microcephaly, newborn.

ABBREVIATIONS. HC, head circumference; HIE, hypoxic-
ischemic encephalopathy; NCHS, National Center for Health

Statistics; HCR, head circumference ratio.

The development of microcephaly after acute in-
trapartum hypoxic-ischemic insult in the full-term
newborn has major prognostic significance. Thus, de-
creased rate of head growth during the early months

of life correlates closely with neurological dysfunc-
tion, eg, cognitive impairment, cerebral palsy and
seizures,�3 and cerebral atrophy. Most full-term new-

borns who sustain acute intrapartum hypoxic-
ischemic insult initially have normal head circumfer-
ence (HC) measurements at birth. In fact, the presence

of microcephaly at birth raises concern regarding pos-

sible chronic, intrauterine insult or underlying cere-
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bral dysgenesis. Significant acute intrapartum insult
may result in decreased rate of head growth during

the first months of life and eventual development of
microcephaly, often after 6 months of age. However,

serial HC measurements during the first months may
permit early recognition of decreased rate of head
growth and prediction of eventual microcephaly be-

fore its actual occurrence. Thus, it permits early iden-
tification of infants who are at high risk for major
neurological sequelae.

The objectives of this study are to delineate the rate

of head growth between birth and 18 months of age
in full-term newborns who had acute hypoxic-
ischemic encephalopathy (HIE) in the neonatal period
and to determine whether the early rate of head
growth (during the first 4 months of life) predicts the
development of microcephaly by 18 months of age.
Further, this study correlates the rate of head growth
during the first 18 months with the severity of HIE
during the newborn period and with neurological

outcome at 18 months of age.

PATIENTS AND METHODS

Study Population

The study population comprised 54 consecutive full-term new-

borns (gestational age �37 weeks) with acute HIE who were ad-
mitted to the neonatal intensive care unit at British Columbia’s
Children’s Hospital between April 1, 1984 and July 31, 1989. There

were 33 male and 21 female infants. The ethnic composition of the
population was as follows: white (35), oriental (11), North Ameti-
can Indian (3), and other ethnic origin (5). In each case, the preg-

nancy was uneventful and birth weight was appropriate for ges-

tational age. Infants with evidence of intracranial hemorrhage,

sepsis, or congenital infections, congenital malformations, meta-

bolic disease, or traumatic injuries which may mimic HIE were

excluded from the study.

The diagnosis of HIE was based on the presence of clinical

neurological abnormalities during the first week of life associated
with one or more of the following indicators of intrapartum hy-

poxic-ischemic insult:

I . fetal bradycardia (fetal heart rate less than 80 beats per minute

for at least 60 seconds) or persistent late decelerations during
labor,

2. Apgar score <5 at 5 minutes of age,

3. requirement for positive pressure ventilation for at least 2 mm-

utes after delivery,

4. acidosis (pH < 7.1) during the first hour of life.

The severity of HIE was classified as mild, moderate, or severe,

using a modified Sarnat classification.24 Mild encephalopathy was

characterized by increased irritability and jitteriness for <24 hours

after delivery. Moderate encephalopathy was characterized by
lethargy, hypotonia, suppressed primitive reflexes, and seizures.

Features of severe encephalopathy included coma, seizures, and

brainstem dysfunction, sometimes associated with clinically rec-

ogrnzable increased intracranial pressure. All newborns had corn-
puted tomography scans of the head performed before 5 days of
age.
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Head Circumference Measurements

The maximum occipitofrontal HC was measured serially at

birth, 4, 8, and 18 months of age. The percentiles of HC measure-

ments were calculated according to the reference data of the Na-

tional Center for Health Statistics (NCHS) which are the recom-

mended reference for international comparison.�7 Because the

lower limit of the “normal” range of HC on the NCHS charts is

based on the fifth percentile (-1.6 SD), the second percentile limit

(-2 SD) was extrapolated for all ages studied (assuming a normal

distribution of HC measurements).

Because our study population comprised different ethnic

groups, whereas the NCHS data were derived from a population

of white children, we also calculated percentile values for HC
measurements in our population according to reference data pub-

lished by Nellhaus.8 These reference data were derived from a

composite of 14 studies which included different ethnic groups.

“Absolute” microcephaly was defined as HC >2 SD below the

mean (below 2nd percentile) based on the NCHS reference data.

“Relative” microcephaly was defined as a continuous decline of

>50 centiles between birth and 18 months of age in infants in

whom HC at birth was above the 52nd percentile according to

NCHS reference data. Normocephaly was defined as HC between

2 SD of the mean, ie, between 2nd and 98th percentiles, of NCHS

reference data.

Calculation of Head Circumference Ratio (HCR)

Absolute HC measurements and possibly, head growth, differ

between male and female infants in both normocephalic and mi-

crocephalic groups!’” To eliminate this possible factor of gender

differences and the variable HC growth rates of infants whose HC

measurements are on different percentiles, the HCR was calcu-

lated. The HCR is defined as the ratio of the observed HC to the

“expected” HC, expressed as a percentage. The “expected HC”
value was defined as either the 50th percentile of NCHS reference

data or the Nellhaus mean values at specific ages, ie, birth, 4, 8,
and 18 months. Both the NCHS and Nellhaus growth charts were

used for comparison at all ages of follow-up. The changes in HCR

were calculated between the following time intervals: birth and 4
months, 4 and 8 months, and 8 and 18 months of age to determine

deviations from normal rate of head growth during these inter-

vals. The HCR data were correlated with the severity of neonatal

encephalopathy and neurological outcome at 18 months of age.

Outcome

All infants were followed up prospectively at 4, 8, and 18

months of age by a pediatric neurologist, psychologist, physio-

therapist, and speech therapist, and the Bayley Scales of Infant

Development#{176} were performed. Follow-up assessments could not
be performed in a blinded fashion.

Neurological outcome at 18 months of age was classified as

follows: (1) normal, (2) mild/moderate abnormalities: abnormal

muscle tone or developmental delay and Bayley scores <1.5 SD

below the mean; (3) severe abnormalities: unequivocal neurologi-
cal abnormalities and Bayley scores >1.5 SD below the mean; most

of the infants with severe abnormalities had spastic quadriplegia,

seizures, and mental retardation (see “Results”).

Statistical Analysis

The statistical analysis of the data was performed by Student’s
t-test, �2 test, and linear regression analysis using the software

program “systat R” (Systat Inc., IL).

RESULTS

Head Circumference Measurements

Twenty of 54 infants (13 boys, 7 girls) developed
microcephaly before 18 months of age: 15 (75%) had

“absolute microcephaly”, ie, HC >2 SD below the
mean and 5 (25%) had “relative microcephaly”, ie, a
decrease of HC measurements of >50 percentiles
within this period (18 months). Three of the five in-

fants who had relative microcephaly developed ab-
solute microcephaly subsequently after 18 months of
age.

Using the NCHS reference data, a diagnosis of ab-
solute microcephaly was made in 6 infants (30%) by
4 months of age and in 11 (55%) by the age of 8
months. Using the Nellhaus reference data, early di-

agnosis of microcephaly could be made in nine infants
(45%) by 4 months of age. However, at 8 and 18

months of age, the number of children who fulfilled
the criteria for microcephaly were the same using

either the NCHS or Nelihaus reference data.
There was a similar distribution of HC measure-

ments at birth in both normocephalic and microce-

phalic groups when boys and girls were considered

separately (Fig 1). In contrast, the mean HC measure-
ments in both boys (Fig 1, top) and girls (Fig 1, bot-

tom) who eventually developed microcephaly were
significantly lower at 4, 8, and 18 months of age com-

pared with normocephalic infants (boys: P < .01, P <

.001, P < .001, respectively; girls: P < .001 at all ages,

Student’s t-test). However, despite diminished head
growth and decreasing mean HC values, the mdi-

vidual HC measurements in the microcephalic group
had not necessarily decreased below the normal range
by 4, 8, or even 18 months.

A comparison of the absolute increases in HC
measurements in both normocephalic and microce-
phalic infants at different ages are summarized in
Table I . To avoid statistical errors related to the

small population size, we combined the values for
boys and girls. The mean head growth in infants

who developed microcephaly was significantly
lower at all ages compared with that of normoce-
phalic children (P < .001) (Table 1).

Head Circumference Ratios

Based on the assumption that HC data are derived
from a group of healthy individuals, a mean HCR of
100% would indicate optimal concordance. Using the
NCHS data, the mean HCR for our normocephalic
population at different ages ranged between 99.4%

and 100.4% in boys and 100.0% and 100.4% in girls. In
contrast, using the Nelihaus data, the mean HCR in
normocephalic infants ranged between 99.6% and

100.7% (boys) and 99.7% and 100.8% (girls). Thus, al-
though our population comprised different ethnic
groups, the mean HCR of our normocephalic popu-
lation had better concordance with NCHS data
than with Nellhaus data. Therefore, NCHS data were
used for calculations of HCR and the definitions of
microcephaly.

Although the HCR at 4 months of age correlated

closely with HCR at 18 months (r = .87, P < .001), we
were unable to predict microcephaly reliably on the
basis of HCR calculations alone.

Calculation of the change in HCRs for different
time intervals, ie, between birth and 4 months, 4 and
8 months, 8 and 18 months, demonstrates a reduction

in rate of head growth during each interval in infants

who developed microcephaly (Fig 2 and Table 2). In

those children who eventually developed micro-
cephaly, the largest decrease in HCR was evident by
4 months of age (Fig 2 and Table 2). Between 4 and 18
months, there were further reductions in HCR which,

although less marked, were still significant statisti-
cally. Because the rate of head growth is greatest be-
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Fig 1. Top, comparison of mean head

circumference measurements between

normocephalic and microcephalic boys

(birth to 18 months). Bottom, compari-

son of mean head circumference mea-

surements between normocephalic and

microcephalic girls (birth to 18

months). NCHS, National Center for

Health Statistics.
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TABLE 1. Comparison of Absolute Head Growth Between 0

and 18 Months of Age in Normocephalic and Microcephalic In-

fants After Hypoxic-Ischemic Insult

Age Absolute Head Growth in cm (Mean ± SD)

Intervals, �-�--- . ---� . . �

mo Normocephalic Infants Microcephalic Infants
(n=34) (n=20)

0-4 6.9 ± 1.0 4.6 ± 1.4* Mt

4-18 3.1 ± 0.7 2.2 ± 0.9* 68t

8-18 3.3 ± 0.6 2.5 ± 0.9* 74t

* Significant differences between groups, P < .001.

t Percent of expected head growth calculated based on head
growth of normocephalic group.

tween birth and 4 months of age, it may be expected

that the greatest change in HCR would occur during
this interval. Furthermore, the change in HCR be-
tween birth and 4 months correlates with HCR at 18

months (r = .62, P < .001). The major change in HCR
between birth and 4 months suggests that impaired

head growth and microcephaly may be predicted as

early as 4 months of age. Using either the NCHS or
Nellhaus reference values it seems that a decrease in

HCR of >3.1 % between birth and 4 months of age was
highly predictive of the development of microcephaly

(sensitivity 90%, specificity 85%) (Table 3).

Severity of Hypoxic-Ischemic Encephalopathy and

Head Circumference

Table 4 correlates the severity of HIE in the new-

born period both with HC measurements at 18

months of age and change in HCR between birth and
4 months. None of the infants with mild HIE (n = 13)

developed microcephaly. In contrast, all infants with
severe HIE (n = 9) developed microcephaly by 18
months of age. Among infants with moderate HIE
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Fig 2. Comparison of head circumfer-

ence ratios in normocephalic and mi-
crocephalic infants using National

Center for Health Statistics (NCHS)

and Nellhaus reference data (birth to

18 months).
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TABLE 2. Comparison of Head Growth Velocity Using Head

Circumference Ratios

Difference of HCR*

0-4 mo 4-8 mo 8-18 mo

Normocephalyt 0.000 -0.5 -0.4

Microcephaly 5.81 -2.41 -1.0�

* Head circumference ratios (HCR) = actual HC/mean HC X

100%.
t Differences of HCR within the normocephalic group were not
significant.

1:Significant differences between groups, P < .001.
§ Significant differences between groups, P < .01.

TABLE 3. Correlation of Head Growth Velocity (0 to 4

Months) With Head Circumference at 18 Months

Head Growth Velocity, % Head Circumference (18 mo)
(Decrease in HCR* No. of Infants With

BetweenBirthand4mo) � _______
Normocephaly Microcephaly

>3.1 5 18

<3.1 29 2

x2 =26.252, P < .001.
* HCR, head circumference ratio.

(n = 32), 9 of 12 with decrease in HCR of >3.1 % de-
veloped absolute microcephaly by 18 months. In the
remaining three infants with moderate HIE and re-
duced early head growth, ie, decrease in HCR >3.1%,
two infants developed relative microcephaly, ie, a
decline in HC of >50 centiles.

Neurological Outcome and Head Circumference Data

There was no substantial difference in maternal so-
cioeconomic status between the 34 normocephalic in-

fants and the 20 microcephalic infants at 18 months of
age.

Neurological outcome of the 54 infants in the study
is correlated with HC data in Table 5. Moderate or

severe neurological abnormalities were demon-
strated in 20 of 22 infants who had reduced HC
growth, ie, decrease in HCR of >3.1% by 4 months of

TABLE 4. Correlation of Severity of Hypoxic-Ischemic
Encephalopathy With Head Circumference Ratio (HCR) (0 to 4
Months)* and Head Circumference (at 18 Months)t

Change in HCR (0-4 mo)
No. of Infants With

Decrease in HCR

Head circumference
(18 mo)

No. of Infants With

Micro- Normo-
cephaly cephaly

>3.1% �3.1%

Mild 2 ii 0 13
Moderate 12 20 11 21
Severe 8 1 9 0

*x2 = 12.854, P = .01.

t;k2 =23.044,P< .001.

TABLE 5. Correlation of Neurological Outcome and Head
Circumference

Neurological Outcome
(18 mo)

N o. of Infants

Total
.

Microcephaly

Normal 24 1 (4%)
Mild/moderate abnormalities 14 5(36%)
Severe abnormalities 16 14 (88%)

age. Only one infant with relative microcephaly did
not demonstrate definite neurological sequelae at 18
months. Thus, a decrease in HCR of >3.1% by 4
months of age was predictive of long-term neurologi-

cal sequelae in 91 % of infants. However, a large num-
ber of infants, eg, 14 (48%) of 32 whose HCR changed

by <3.1% were also abnormal neurologically.
Among the 16 infants who developed severe neu-

rologic abnormalities, nine had quadriplegia, mental

retardation, and seizures, six infants developed a
combination of quadriplegia and mental retardation,
and one infant had quadriplegia only.

DISCUSSION

The measurement of HC is a recognized clinical pa-

rameter for assessment of cerebral volume and

weight.’2”3 Infants who sustain acute, perinatal intra-
partum hypoxic-ischemic insult usually have normal
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HC at birth. After significant intrapartum hypoxic-

ischemic cerebral injury, the development of second-

ary microcephaly correlates closely with major long-
term neurological sequelae, eg, cerebral palsy and
intellectual impairment. Neuropathological corre-

lates commonly include cerebral atrophy and multi-
cystic encephalomalacia.”2 There are some limitations

regarding the use of HC measurements as an indica-
tor of brain size, related principally to scalp edema at

birth, as well as head shape, skull, and hair thickness.
Furthermore, the HC of parents of our patients were
not measured, which precludes comment on possible

genetic influences on head growth.
After significant intrapartum hypoxic-ischemic ce-

rebral injury, microcephaly may develop before 4

months of age.’4 However, similar to previous reports
by Rosman et al,’4 our data demonstrate that second-

ary microcephaly developed later in the majority of

this group of patients. Thus, microcephaly was evi-
dent by 4 months of age only in approximately 40%
of infants who eventually developed microcephaly by
18 months of age. In our population the development

of microcephaly could be predicted by 4 months of
age in 80% of infants based on simple calculations of
rate of head growth between birth and 4 months.

Recent studies of head growth and neurological
outcome in infants of very low birth weight have
demonstrated that subnormal HC at 8 months of age
is associated with abnormal neurological outcome

and cognitive impairment at school age.1�’7 In a series
of infants with birth weight <1500 g, infants with nor-
mal HC at birth and decreased rate of head growth

between birth and 6 weeks of age, 44% had neuro-
logical abnormalities at 15 months, although only 23%
had developed microcephaly by that age.’8 In con-

trast, infants who were normocephalic at birth and
maintained normal postnatal rate of head growth had
normal neurological outcome. Similarly, our data

suggest that impaired head growth in full-term in-
fants who sustained acute hypoxic-ischemic cerebral
injury is a useful clinical parameter for prediction of

eventual development of microcephaly and abnormal

neurological outcome. Early recognition of reduced
rate of head growth may have important implications
for prognosis, especially in infants who exhibit mod-
erate clinical encephalopathy during the neonatal pe-
nod and who have been reported previously to have
variable outcome.2’4’19’�#{176} Thus, 9 of 12 infants who had
moderate HIE and reduced rate of head growth dur-

ing the first 4 months of life, developed microcephaly
and 11 of 12 infants had evidence of major neuro-
logical sequelae at 18 months. Conversely, normal
head growth does not preclude significant long-term
neurological abnormalities. Thus, in our study popu-
lation, 14 of 32 infants with normal rate of head
growth were abnormal neurologically by 18 months

of age.
The value of HCR for prediction of neurological

outcome has been established previously in a popu-
lation of very low birth weight infants)6 In our popu-
lation of full-term newborns, the development of mi-

crocephaly could be predicted by 4 months of age by
calculation of the change in HCR between birth and
4 months of age. The high predictive value of early
head growth between birth and 4 months relates pre-

sumably to the relatively rapid rate of myelination,
glial proliferation, and elaboration of axonal ramifi-

cations during this period.17 However, it is important
to emphasize that although microcephaly at 4 months
of age is associated with a high probability of neu-

rological abnormalities, this group comprises only a
minority of infants who sustained hypoxic-ischemic
cerebral insult and subsequently developed major
long-term neurological sequelae.

In summary, a decreased rate of head growth in the
first 4 months of life after acute, intrapartum hypoxic-
ischemic encephalopathy, correlates closely with the
development of secondary microcephaly. Infants
with reduced head growth have a high probability of

long-term neurological sequelae.
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