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INFLUENCE OF INTRACRANIAL HEMORRHAGE
AND NEONATAL SEIZURES ON THE NEUROLOGICAL
AND PSYCHOMOTOR DEVELOPMENT OF PREMATURE
INFANTS AT HOSPITAL DE CLÍNICAS DE PORTO
ALEGRE, BRAZIL
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ABSTRACT - This study compared the results of neurodevelopmental examination at 6 months’ corrected age
of premature infants with neonatal seizures and/or intracranial hemorrhage and normal premature infants.
There was a statistically significant correlation (p=0.000007) between intracranial hemorrhage and seizures
in the group of 68 premature infants seen in the neurodevelopmental outpatient service at Hospital de Clínicas
de Porto Alegre, Brazil. Intracranial hemorrhage was significantly associated with multiparity (p=0.02). The
neurodevelopmental examination at 6 months’ corrected age revealed that patients who suffered neonatal
intracranial hemorrhage and/or seizures had inappropriate muscle tone, strength and reflexes, as well as
delay in head control. Conclusion: we compared the results of neurodevelopmental examinations of two
groups of premature infants at 6 months’ corrected age. The difference in neurological development at 6
months’ corrected age was statistically significant when comparison was corrected for premature infants
who had neonatal seizures and periventricular hemorrhage.
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Influência da hemorragia intracraniana e crises neonatais sobre o desenvolvimento neurológico e
psicomotor de recém-nascidos prematuros no Hospital de Clínicas de Porto Alegre, Brasil

RESUMO - Este estudo comparou os resultados do exame do desenvolvimento neuropsicomotor aos seis
meses de idade corrigida de lactentes prematuros com crises neonatais e/ou hemorragia intracraniana com
lactentes prematuros sem estas intercorrências. Houve uma correlação estatisticamente significativa
(p=0.000007) entre hemorragia intracraniana e crises neonatais no grupo de 68 lactentes prematuros vistos
no ambulatório de neurodesenvolvimento do Hospital de Clínicas de Porto Alegre, Brasil. Hemorragia
intracraniana foi significativamente associada com multiparidade (p=0.02). O exame do desenvolvimento
neuropsicomotor aos 6 meses de idade corrigida mostrou que pacientes que sofreram hemorragia intracraniana
neonatal e/ou crises neonatais tiveram tônus, forças e reflexos inapropriados, bem como atraso no controle
do sustento cefálico. Conclusões: Comparamos os resultados dos exames de desenvolvimento neuropsicomotor
dos dois grupos de lactentes prematuros aos 6 meses de idade corrigida. A diferença no desenvolvimento
neurológico aos 6 meses de idade corrigida foi estatisticamente significativa quando comparado com lactentes
prematuros que tiveram crises neonatais e/ou hemorragia periventricular.
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Prematurity is a biological event with very distinct
and sometimes exclusive characteristics1. This event,
which may or may not affect the future life of pre-
mature infants, has been investigated for a long
time2,3. Premature infants are neurologically different

from term infants because they do not complete cer-
tain intrauterine neurodevelopmental stages3,4. Few
parameters have been established to assess the neu-
rological and psychomotor development (NPMD) of
premature infants. Data about the NPMD of prema-
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ture infants who had neonatal seizures or intracranial
hemorrhage are even harder to obtain. Moreover, com-
paring the neurological status of premature infants
with that of term infants would be a serious error5,6.
The neurodevelopmental examination is a useful tool
in the assessment of these patients, who may have a
better prognosis and easier rehabilitation when
developmental abnormalities are identified early on.

The purpose of this study was to compare the re-
sults of neurodevelopmental examination at 6 mon-
ths’ corrected age for premature infants that had
neonatal seizures and intracranial hemorrhage with
the results for neurologically normal premature infants.

METHOD
Sixty-eight premature patients in the Neurodevelop-

mental Service at Hospital de Clínicas de Porto Alegre
(HCPA), Brazil, were selected and divided into two groups:
patients who had had intracranial hemorrhage and/or neo-
natal seizures, and premature infants who had no neu-
rological problems. Patients with cerebral hemorrhage that
progressed to hydrocephalus and those with neonatal sei-
zures secondary to infections or genetic causes were ex-
cluded from the study.

The groups were compared with respect to sex, race,
maternal age, mode of delivery, parity, infant’s gestational
age, weight for gestational age, birth weight, Apgar score
at 5 minutes, use of mechanical ventilation, and sepsis
during gestation. Brain ultrasound studies were performed
for all patients.

An experienced examiner, blinded to patient’s group,
examined the neurodevelopmental status of infants at 6
months’ corrected age with respect to muscle tone, strength,
deep tendon reflexes, Moro reflex, head control, sitting with
support, and grasping objects. Results were analyzed with
the software Epi-Info 6.04; level of significance was α =
0.05, β = 0.80, with 95% confidence intervals.

This study was approved by the Committee for Ethics
in Research, HCPA, and conducted after parents signed
an informed consent term.

RESULTS
There were no significant differences between the

groups with and without neonatal seizures and/or
intracranial hemorrhage with respect to sex, race,
parity, gestational age, weight for gestational age,
Apgar score, mechanical ventilation, and sepsis du-
ring hospitalization (Tables 1 and 2). Six patients had
grade I hemorrhage, and five of them had neonatal
seizures; three had grade II hemorrhage, and all of
them had neonatal seizures; one had grade II he-
morrhage and no seizures; two had grade IV hemor-
rhage, and one of them had neonatal seizures. The
factors under study were observed in 17 (25%) of
the 68 patients, and there was a statistically sig-
nificant correlation between having neonatal seizures
and/or hemorrhage (p=0.000007) (Table 3).

There were no differences between patients with
intracranial hemorrhage and controls with respect
to sex, race, maternal age, mode of delivery, Apgar

Table 1. Pre- and perinatal characteristics.

Characteristic Controls Neonatal seizures p
(N=51) and/or PIVH (N=17)

% %

1st gestation 46 37 0,36

> 2 gestations 54 63

Mode of delivery vaginal: 40 vaginal: 47 0.579
caesarean: 60 caesarean: 53

W/GA AGA: 59 AGA: 50 0.519
SGA: 41 SGA: 50

Apgar 5 min N % N %

7 6 12 2 11

8 21 41 9 52

9 20 39 6 37

10 4 08 0 0

MV 33 26 0.576

Sepsis 82 83 0.605

W, weight; GA, gestational age; AGA, adequate for gestational age; SGA, small for gestational age; PIVH, peri- and
intraventricular hemorrhage; MV, mechanical ventilation.
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score, gestational age, weight for gestational age,
birth weight, mechanical ventilation and sepsis du-
ring hospitalization. There was a statistically greater
frequency of multiparity in the group of patients with
intracranial hemorrhage (p=0.02). The neurodeve-
lopmental examination performed at 6 months’ is
showed in the Table 4.

There were no differences between patients with
seizures and control patients with respect to sex, ra-
ce, maternal age, mode of delivery, multiparity, Apgar
score, gestational age, weight for gestational age,
birth weight, mechanical ventilation and sepsis
during hospitalization.

Again, no differences were found between patients
with intracranial hemorrhage and seizures and con-
trol patients with respect to sex, race, maternal age,
mode of delivery, multiparity, Apgar score, gestational
age, weight for gestational age, birth weight, me-
chanical ventilation, and sepsis during hospitalization.

DISCUSSION

Studies about the neurological and psychomotor
development of premature infants are quite recent
because the mortality rates for these patients used
to be very high some years ago7,8. The creation and
later development of neonatal intensive care units

promoted a significant decrease in mortality and in
the occurrence of bronchopulmonary dysplasia and
interstitial emphysema9,10. The incidence rate of neu-
rological sequelae in surviving infants is inversely pro-
portional to gestational age11. Some important phy-
siopathological factor may be associated to the im-
maturity of the central nervous system (CNS), which
results in poor control over the autonomic nervous
system (ANS) and, consequently, over spontaneous
ventilation in premature infants12.

Neonatal seizures are some of the most frequent
signs of neurological involvement, and may interfe-
re with vital functions, such as feeding and ventila-
tion13. Mortality rates for neonatal seizures have

Table 2. Mother-infant characteristics.

Controls (N=51) Neonatal seizures and/or PIVH (N=17) p
mean   mean

Maternal age (years) 28 26 0.816

Gestational age (weeks) 31.6 32 0.83

Birth weight (grams) 1254 1259 0.957

Table 3. Correlation between neonatal seizures and PIVH.

Characteristic  n (%)

Neonatal seizures and PIVH   9 (13)

Neonatal seizures but no PIVH   5 (7)

PIVH but no seizures   3 (5)

None 51 (75)

Total 68 (100)*

*p, 7X10-6; PIVH, peri- and intraventricular hemorrhage.

Table 4. Neurodevelopmental examination and neonatal seizures and/or PIVH.

Characteristic Controls Neonatal seizures RR CI p
and/or PIVH

Muscle tone appropriate for CA 35/48 4/15 0.37 0.16-0.86 0.003*

Strength appropriate for CA 41/41 7/9 0.78 0.55-1.1 0.029

Reflexes appropriate for CA 43/44 8/13 0.63 0.41-0.97 0.001*

Moro reflex 2/51 3/17 4.5 0.82-24.7 0.09

Head control 44/44 6/8 0.75 0.5-1.12 0.021*

Sitting with support 45/45 12/12 - 1

Grasping 1 object in each hand 30/45 10/11 1.36 1.03-1.8 0.15

CA, corrected age; PIVH, peri- and intraventricular hemorrhage.*Singnificance
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decreased over the last decades, but there has not
been great improvement in relation to sequelae, such
as mental retardation and motor deficit. Seizures
occur in about 10% of all patients with intracranial
hemorrhage, but this rate is higher for premature
infants. Our study revealed a 75% frequency rate in
cases of intracranial hemorrhage, and demonstrated
that premature patients are more susceptible to the-
se events. Periventricular and ventricular hemorrha-
ges are associated with prematurity, and their severity
is inversely proportional to gestational age14-17.

Hypertonia is expected to decrease at 6 months’
of age because of the beginning of cortical control
over reflex activity. Appendicular hypertonia and hy-
perreflexia may be strong evidence that cortical con-
trol is not efficient yet13. At the same age - and follo-
wing the craniocaudal sequence of neurological
development - the infant is expected to hold the head
up, sit without support, and grasp objects with both
hands. Primitive reflexes of the newborn infant, such
as the Moro reflex, should also disappear. Our study
analyzed these key elements to measure the damage
caused by neonatal seizures and intracranial hemor-
rhage. About 30 to 60% of all premature infants
with severe intracranial hemorrhage and ventriculo-
megaly had developmental sequelae, such as cere-
bral palsy18-19. Even when not accompanied by he-
morrhage, ventriculomegaly is associated with a
higher risk for delay in neurological development20.
Reports in literature have amply demonstrated that
there is a cause and effect relationship between in-
tracranial hemorrhage and seizures in the neonatal
period. Therefore, the neurological prognosis may
be better when these two events are not associated21.

Abnormal results in the neonatal neurological exa-
mination are associated with impaired neurological
development in premature infants21-23. An abnormal
result does not always predict developmental pro-
blems, but this examination is a good tool to screen
this high-risk group of patients who have to be care-
fully observed and, if necessary, treated. Persistent
tone and reflex abnormalities in infancy may suggest
cerebral palsy, motor dysfunction, learning or beha-
vioral problems24. Our patients’ neurodevelopmental
examination at 6 months’ corrected age revealed
inappropriate muscle tone, strength and reflexes, as
well as delay in head control, for those patients that
had neonatal intracranial hemorrhage and/or seizu-
res. Early neurological assessment is extremely impor-
tant because its results help making decisions about
rehabilitation and prevention of disorders that typi-
cally affect these patients.

The association between multiparity and intracra-
nial hemorrhage may be explained by the shorter ex-
pulsion stage of babies born to multiparous mothers.

Conclusions - We compared the results of
neurodevelopmental examination for two groups of
premature infants at 6 months’ corrected age.
Further studies with these same premature infants
are under way, and these patients will be followed
up until they reach school age.
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