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ABSTRACT

To evaluate prenatal and perinatal risk factors for early neonatal seizures, we conducted a case-control study including
100 newborns with neonatal seizures in the first week of life and 204 controls randomly selected from a list of healthy
newborns born in the same hospital during the study period. Generalized tonic seizures were the most common seizures
observed (29%), although the majority of newborns (71%) experienced more than one type of seizure. The most frequent
presumed etiology of neonatal seizures was hypoxic-ischemic encephalopathy (30%). A history of epilepsy in first-degree
relatives was found only for cases. Neonatal seizures were found to be associated with maternal disease in the 2 years
before pregnancy, mother’s weight gain > 14 kg during pregnancy, placental pathology, preeclampsia, low birthweight, low
gestational age, and jaundice in the first 3 days of life. The need for cardiopulmonary resuscitation was found only for
cases (37%). The causal pathways for neonatal seizures often begin before birth, and some of the factors identified may
be preventable. (J Child Neurol 2001;16:651-656).

Neonatal seizures are considered important predictors of
neurologic diseases and are also supposed to be indicators
of the quality of perinatal care. Although they have been
attributed to many causes, the majority of cases are owing
to only a few serious conditions, such as hypoxic-ischemic
encephalopathy, intracranial hemorrhage, infections, and
congenital malformations.2>3

Despite the fact that seizures represent the most fre-
quent neurologic disorder among newborns, there still exists
much controversy: seizures are difficult to recognize, there
is a lack of uniformity of the case definition with different
opinions on &dquo;what&dquo; has to be considered an epileptic seizure,
and there are conflicting opinions as to whether seizures per
se may cause brain damage. 4-7

Consequently, estimates of the frequency of neonatal
seizures may be biased, with the estimated incidence rates
varying greatly according to the level of confidence in the
diagnosis.8 As a result, the identification of risk factors has
also been hindered. In fact, except for preterm birth and low
birthweight, which have been reported as important risk fac-
tors, little is known about other potential determinants, such
as familial and maternal factors.

The objective of the present study was to evaluate
familial, maternal, and neonatal risk factors for early neona-
tal seizures.

MATERIALS AND METHODS

We conducted a case-control study at the Neonatal Intensive Care
Unit and Nursery of the University of Chieti, Italy. Cases were
recruited over a 7-year period from January 1992 to December 1998.
The cases consisted of 100 newborns with seizures in the first

week of life, identified by systematic review of all clinical records.
The controls (n = 204) were randomly selected from a list of

healthy newborns born in the same hospital during the study
period and who had been placed in the Nursery.

To evaluate exposure to potential risk factors, we collected
information from clinical records and from face-to-face interviews

with the mothers of the newborns. The main information collected
from the clinical records was gestational age, birthweight, need for
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intubation and cardiopulmonary resuscitation, clinical character-
istics of seizures, electroencephalographic (EEG) findings, and diag-
nostic evaluation. All of the mothers of both cases and controls were

interviewed by a single pediatric neurologist using a standardized

questionnaire. The information collected included sociodemo-

graphic characteristics, a family history of epilepsy, maternal repro-
ductive history (including diseases in the 2 years before pregnancy,
number of miscarriages, stillbirths, death in the neonatal period,
previous preterm births, and previous placental pathology), course
of the current pregnancy (including the interval between previous
and current pregnancy, order of birth, smoking, drug intake, bleed-

ing, weight gain of > 14 kg, hypotension, hypertension, placental
pathology, preeclampsia, and premature rupture of membranes),
and modality of delivery (presence of umbilical cord around the

neck, breech or shoulder presentation, use of forceps or vacuum

extractor, cesarean section, and twin delivery).
Since healthy newborns are usually discharged within the

third or fourth day of delivery, we investigated the occurrence of
seizures after discharge and up to the end of the first week of life
to avoid possible misclassification. Neonatal seizures were diag-
nosed based on the description on clinical records and on the
evaluation of EEGs by a senior neuropediatrician. The clinical
classification used was that proposed by Volpe, which includes focal
clonic seizures, multifocal clonic seizures, generalized tonic seizures,
myoclonic seizures, and subtle seizures.‘’ Newborns with isolated
subtle phenomena, such as subtle motor movements, autonomic

changes, or apneas, were excluded from the study because of the

possible misclassification owing to the low correlation between sub-
tle phenomena and EEG-video monitoring.’ The etiology of seizures
was evaluated based on maternal and neonatal history, physical and

neurologic examination, laboratory data (abnormal arterial gas
values; acid-base balance; biochemical evaluation for serum cal-

cium, magnesium, and glucose; blood cultures; and urine cultures),
cerebrospinal fluid examination, EEG, and cranial ultrasound
scans using a VINGMED, Sonda 7.5 Hz. All of the data mentioned
above were taken from the clinical records. The definitions of the

main variables investigated are provided in the Appendix.

Statistical Analysis
We performed a frequency distribution of the variables investigated
as potential risk factors for neonatal seizures. Continuous variables,
such as mother’s education, weight gain during pregnancy, and age
at delivery, were categorized according to biologic considerations
or conventional cutoff points. Similarly, birthweight and gesta-
tional age were split into three strata z2500 g, 2499-1500 g, < 1500

g and > 37 weeks, < 37 > 32 weeks, < 32 weeks). To test and quan-
tify the association between potential risk factors and neonatal

seizures, crude odds ratios and their 95% confidence intervals

(univariate analysis) were calculated for each exposure factor. To

identify risk factors that were independently associated with

neonatal seizures, variables significantly more frequent in cases than
in controls at a univariate level (P < .05) were included in a logis-
tic regression model.’’ When the results suggested the presence of

confounding effects, owing to the strong association between dif-
ferent variables involved in a multistep chain of events, stratum-

specific odds ratios were calculated (ie, if a noncausal association
between factor C and the main outcome A was mediated through

the association between risk factor B and C, the association
between A and C in the presence or absence of B [ie, the possible
confounding variable] was evaluated). Then, in case of confound-

ing, and only if an effect modification could be ruled out, the vari-
able was included in the final model. 

z

RESULTS

Clinical Characteristics of the Cases

The majority of newborns (71%) experienced more than
one type of seizure; subtle seizures were those most fre-

quently associated with other seizures. Fifty-nine percent
of the newborns experienced seizures in the first 2 days of
life, 19% in the third and fourth days, and the remaining 22%
from the fifth to the seventh day of life. Generalized tonic
seizures were the most common seizures observed (29% of
infants), followed by multifocal clonic seizures (13%), focal
clonic seizures (9%), and myoclonic seizures (5%), all of
which were associated with subtle seizures. The other com-

binations of seizures included generalized tonic and focal
or multifocal clonic (8%), generalized tonic and myoclonic
(2%), and focal clonic and multifocal clonic (5%). The remain-
ing 29% experienced only one type of seizure: clonic (focal
or multifocal) (19%), tonic (focal or generalized) (9%), or
spasms (1%).

Interictal EEG was available for all of the newborns: in

20% of cases, it was normal; in 47% of cases, it showed

asymmetries of background activity and/or background
immaturity for gestational age; in 5% of cases, it showed a
pattern-like burst suppression; and in 28% of cases, it showed
depressed activity or episodic generalized voltage attenua-
tion. The following etiologies were presumed to be respon-
sible for neonatal seizures: hypoxic-ischemic encephalopathy
(30% of infants), variably associated with hyaline mem-
brane disease and metabolic disorders such as hypocal-
cemia, hypoglycemia, and hyponatremia; birth defects and
chromosomal and metabolic diseases (cleft palate and lip,
microcephaly, heart defects, trisomy 13, and glycogen stor-

age disease) (11%); intracranial hemorrhage (subdural,
intraventricular, periventricular, and miscellaneous) (10%);
hypocalcemia and hypomagnesemia (9%); intracranial infec-
tions (bacterial and viral meningitis) or sepsis (8%); iso-
lated hypocalcemia (5%); hypocalcemia associated with
congenital anomalies (4%); isolated hypoglycemia (2%);
miscellaneous (intrauterine growth retardation, benign
neonatal convulsions) (4%); and unknown etiology (16%).

Sociodemographic Characteristics and Familial

Predisposition to Epilepsy
The frequency distribution of demographic variables is
shown in Table 1. No statistically significant differences
were found between cases and controls with regard to fam-
ily size or gender, although there was an excess of males
among cases (63% vs 37%) compared with controls (56% vs
44%) and family size. The parents of cases tended to have
a lower socioeconomic status than the parents of controls.
The mothers of cases were two times more likely to have
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Table 1. Frequency Distribution of Demographic Variables

attended school for 8 years or less compared with the moth-
ers of controls (Table 2). A history of epilepsy in first-degree
relatives was found for 4 cases (4 of the 285 first-degree rel-
atives : 1 mother, 1 father, and 2 brothers) and for none of
the controls (0 of 570 first-degree relatives) (P < .05) (data
not shown). The 4 newborns with this history showed a com-
bination of different types of seizures in the presence of

hypoxic-ischemic encephalopathy (1 case), cleft palate and
lip complicated by bronchopneumonia (1 case), and
unknown etiology (2 cases).

Maternal Risk Factors

The maternal risk factors for neonatal seizures are shown

in Table 2. Diseases in the 2 years before pregnancy (ie, dia-
betes mellitus, heart disease, ovarian cysts) were 6.1 times
more likely to have occurred among the mothers of cases

compared with the mothers of the controls. Although pre-
vious preterm birth was more common among the mothers
of cases (8% vs 5.4% for the mothers of controls), the dif-
ference was not statistically significant (data not shown).
As far as maternal factors during pregnancy were con-
cerned, a weight gain of more than 14 kg showed the
strongest association with neonatal seizures (odds ratio: 26.9;
confidence interval: 10.3-70.5). Although the univariate
analysis revealed an association for bleeding, this was not
confirmed by the multivariate analysis.

When compared with the mothers of controls, the moth-
ers of cases were 16.6 times more likely to have had a pla-
cental pathology (ie, placenta previa, meconium staining,
placental infarction, retroplacental hematoma, abruptio
placentae) and 5.1 times more likely to have presented
preeclampsia. Premature rupture of membranes was 4.5
times more common among cases; however, after adjustment
for the other variables, the odds ratio dramatically changed
direction, becoming 0.1. This was owing to the confound-
ing effect of low gestational age, which was strongly

associated with premature rupture of membranes (P <

.0001). After stratifying for gestational age, the odds ratio
of neonatal seizures for premature rupture of membranes
was 0.2 for term newborns and 0.5 for preterm newborns.
Cesarean section was reported by 27% of the mothers of
cases and by 22% of the mothers of controls. For 44% of the
mothers of cases who had undergone cesarean section, the
reason was evidence of fetal heart-rate abnormality
(recorded by electronic monitoring during labor). This rea-
son was not reported for any of the mothers of controls.

Neonatal Risk Factors

The neonatal risk factors for seizures are shown in Table 2.

Cases were more likely than controls to have had a low birth-
weight (ie, < 2500 g). Both the crude and adjusted odds ratio
were extremely high, although the lower confidence inter-
val of the odds ratio for birthweight under 1500 g was lower
than 1 at the multivariate analysis. Gestational age of <37
z! 32 weeks was also a significant risk factor for neonatal
seizures, with an adjusted odds ratio of 20.6; the lowest
gestational age (< 32 weeks) was only marginally associated
with neonatal seizures at the multivariate analysis, proba-
bly owing to the small number of preterm newborns included
in the study. Cases were more likely than controls to have
experienced jaundice during the first 3 days of life (adjusted
odds ratio > 11). The proportion of twins among cases was
more than twice that observed among controls (4% vs 1.5%),
but the difference was not statistically significant (data not
shown). With regard to being small for gestational age,
there were no differences between cases and controls (7%
of cases vs 6.4% of controls), although cases tended to be
smaller than controls. The need for cardiopulmonary resus-
citation was found only among cases (37%) and not among
controls.

DISCUSSION

We found neonatal seizures to be strongly associated with
low gestational age and low birthweight, two related factors
that have been shown to play an important role in predis-
posing newborns to seizures., 10, 11 It is plausible that the
effect of these factors is mostly mediated through hypoxic-
ischemic events or intracranial hemorrhage, which have
been reported to be the most important conditions associ-
ated with preterm birth and neonatal seizures This could

explain our finding that 38% of newborns had a cranial
ultrasound diagnosis of hypoxic-ischemic encephalopathy
or intracranial hemorrhage. Neonatal seizures related to
the above-mentioned conditions appear to have the same

pattern of risk factors identified for other central nervous

system disorders, such as cerebral palsy, symptomatic
epilepsies, and mental retardation. 13, 11 Given that the high
risk of neonatal seizures in preterm newborns is high, ther-
apeutic strategies for preventing and controlling seizures in
these infants should be adopted. This is especially impor-
tant when considering the results of a recent study among
neonatal rats, which suggests that neonatal seizures increase
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Table 2. Maternal and Neonatal Risk Factors for Early Neonatal Seizures

the susceptibility of the developing brain to subsequent
seizure-induced injury. 6

With regard to premature rupture of membranes, there
was an association only at the univariate analysis. Gestational

age was a confounder of the association between premature
rupture of membranes and neonatal seizures, as shown by
the inversion of the odds ratio. This was mainly owing to the
unexpectedly high frequency of premature rupture of mem-
branes in preterm controls (ie, seven of the eight preterm
controls had premature rupture of membranes), which
caused problems in estimating the odds ratios. These results
make it difficult to disentangle the effect of premature rup-
ture of membranes and low gestational age on neonatal
seizures. The results of previous studies suggest that preterm
premature rupture of membranes can be complicated by
chorioamnionitis in up to 70% of cases, and infection is

likely to result in termination of the pregnancy.l5 Further-
more, preterm infants exposed to chorioamnionitis are two
to three times more likely to develop neurologic disorders,
including seizures, compared with infants with the same ges-
tational age but without a diagnosis of chorioamnionitis. 16
Jaundice was also found to be an important neonatal risk

factor, and since hyperbilirubinemia has the potential to
cause cerebral damage, an increased risk of neonatal seizures
owing to its possible neurotoxicity cannot be ruled out. A
previous study showed an independent association between

hyperbilirubinemia and neonatal seizures only in infants
with intracranial hemorrhage. 17 This finding is somewhat
consistent with our results, which show a stronger associ-
ation with hyperbilirubinemia in the preterm newborns
(data not shown), who are at higher risk of intracranial
hemorrhage.

With respect to maternal characteristics, we found an
association between low educational level and neonatal

seizures. Low educational level, which has been reported
to be associated with other neurologic conditions, such as
cerebral palsy, mental retardation, and newborn
encephalopathy, 14,18 19 may play a role in the mothers receiv-
ing inadequate care during pregnancy and the lack of pre-
ventive interventions.

To our knowledge, this is the first study to report an
association between excessive weight gain during preg-
nancy and neonatal seizures. Although excessive weight
gain may be associated with diabetes and hypertension,
in our study, the association remained even after con-
trolling for these factors. However, it must be considered
that excessive weight gain during pregnancy has been
shown to be associated with increased incidence of

induced labor, admission to neonatal intensive care, and
perinatal mortality.2°

Bleeding in the first trimester tended to be more com-
mon among mothers of cases, although the association was
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not statistically significant on multivariate analysis. In
previous studies, first- and second-trimester vaginal bleed-
ing was found to be associated with neonatal seizures in term
infants and was considered a risk factor for preterm deliv-

ery and subsequent neonatal complications.zl-z3
We found a strong association for placental pathology.

To our knowledge, no studies have investigated the impact
of this potential risk factor specifically for neonatal seizures,
although numerous studies have examined the association
between placental findings and preterm delivery, cerebral
palsy, mental retardation, and epilepsy. Our finding is some-
what consistent with more detailed studies that show that

various placental pathologic features, such as chorioam-
nionitis, are associated with preterm delivery or neurologic
disorders other than neonatal seizures.24

A strong association was also found for preeclampsia.
Chronic hypertension and pregnancy-induced hypertension
associated with proteinuria are known risk factors for
reduced uteroplacental perfusion and higher mortality in
term growth-restricted fetuses.25 Furthermore, chronic
hypertension in the presence of proteinuria has been
reported to be associated with adverse neonatal outcome,
including neurologic disorders

Finally, a history of epilepsy and febrile seizures in
first-degree relatives was more common in cases than in con-
trols. Familial predisposition might reflect a genetic sus-
ceptibility to seizures. It should also be considered that a

high proportion of our cases was at high risk of developing
epilepsy owing to the underlying etiology, and neonatal
seizures could represent the beginning of a true epileptic his-
tory. In this regard, it is already known that genetic sus-
ceptibility may increase the risk of symptomatic epilepsy
associated with neurologic deficit presumed to be present
at birth.27 However, because of our limited sample size, we
were not able to determine the extent to which familial

predisposition to seizures contributes to neonatal seizures.
Before drawing conclusions, some limitations and pos-

sible biases of the study need to be addressed. First, it is dif-
ficult to disentangle the effects of specific exposures because
they are often closely related. Furthermore, these expo-
sures may occur at different times between the beginning
of pregnancy and delivery, yet they usually coexist at some
point. For this reason, the analysis of confounding effects
is a necessary step, although it can hardly provide definitive
results. Second, the risk factors identified in our study prob-
ably cannot be generalized to all of the diagnostic cate-
gories (ie, infections, metabolic disorders, etc) because of
the high proportion of cases with hypoxic-ischemic
encephalopathy and intracranial hemorrhage. This high
proportion has been reported by most of the studies con-
ducted to date and is likely to reflect the etiologic distrib-
ution of neonatal seizures, mainly those of early onset

Larger studies are needed to identify risk factors specific for
the minor diagnostic categories.

In conclusion, we found an association between neona-
tal seizures and some important familial, maternal, and

neonatal exposures. The causal pathways for neonatal
seizures seem to begin before birth. However, whether
there is a &dquo;continuum&dquo; of exposure, through familial, mater-
nal, and neonatal factors, remains to be determined. Addi-
tional studies are needed to determine the extent to which

the removal of specific risk factors can reduce the inci-
dence of neonatal seizures.

References
1. Niswander K, Henson G, Elbourne D, et al: Adverse outcome of

pregnancy and the quality of obstetric care. Lancet 1984;ii:827-831.
2. Volpe JJ: Neonatal seizures, in Volpe JJ, (ed): Neurology of the New-

born. Philadelphia, WB Saunders, 1995, 172-207.
3. Lien JM, Towers CV, Quilligan EJ, et al: Term early-onset neona-

tal seizures: Obstetric characteristics, etiologic classification,
and perinatal care. Obstet Gynecol 1995;85:163-169.

4. Painter MJ, Gaus LM: Neonatal seizures: Diagnosis and treat-
ment. J Child Neurol 1991;6:101-108.

5. Lombroso CT: Neonatal seizures: A clinician’s overview. Brain Dev

1996;18:1-28.
6. Scmid R, Tandon P, Stafstrom CE, et al: Effects of neonatal

seizures on subsequent seizure-induced brain injury. Neurology
1999;53:1754-1761.

7. Mizrahi EM, Kellaway P: Pathophysiology, in Mizrahi EM, Kellaway
P (eds): Diagnosis and Management of Neonatal Seizures. New
York, Lippincott-Raven, 1998, 35-46.

8. Lanska MJ, Lanska DJ, Baumann RJ, et al: A population-based
study of neonatal seizures in Fayette County, Kentucky. Neurol-
ogy 1995;45:724-732.

9. Breslow NE, Day NE: The analysis of case-control studies, in
Davis W (ed): Statistical Methods in Cancer Research, vol 1. Lyon,
IARC Scientific Publications, 1980, 192-246.

10. Tudehope DI, Harris A, Hawes D, et al: Clinical spectrum and out-
come of neonatal convulsions. Aust Paediatr 1988;24:249-253.

11. Scher MS, Asok K, Beggarly M, et al: Electrographic seizures in
preterm and full-term neonates: Clinical correlates, associated
brain lesions, and risk for neurologic sequelae. Pediatrics
1993;91:128-134.

12. Ronen GM, Penney S, Andrews W: The epidemiology of clinical
neonatal seizures in Newfoundland: A population-based study. J
Pediatr 1999; 134:71-75.

13. Curatolo P, Arpino C, Stazi MA, et al: Risk factors for the co-
occurrence of partial epilepsy, cerebral palsy and mental retar-
dation. Dev Med Child Neurol 1995;37:776-782.

14. Arpino C, Curatolo P, Stazi MA, et al: Differing risk factors for cere-
bral palsy in the presence of mental retardation and epilepsy. J
Child Neurol 1999;14:151-155.

15. Polzin WJ, Brady K: The etiology of premature rupture of the mem-
branes. Clin Obstet Gynecol 1998;4:810-816.

16. Alexander JM, Gilstrap LC, Cox S, et al: Clinical chorioamnioni-
tis and the prognosis for very low birth weight infants. Obstet
Gynecol 1998;5:725-729.

17. van de Bor M, Ens-Dokkum M, Schreuder AM, et al: Hyperbiliru-
binemia in low birth weight infants and outcome at 5 years of age.
Pediatrics 1992;89:359-364.

18. Decoufl&eacute; P, Boyle CA: The relationship between maternal edu-
cation and mental retardation in 10 year old children. Ann Epi-
demiol 1995;5:347-353.

19. Badawi N, Kurinczuk JJ, Keog JM, et al: Antepartum risk factors
for newborn encephalopathy: The Western Australian case-con-
trol study. BMJ 1998;17:1549-1553.

20. de Groot LC: High maternal body weight and pregnancy out-
come. Nutr Rev 1999;57(2):62-64.

 at PENNSYLVANIA STATE UNIV on May 17, 2016jcn.sagepub.comDownloaded from 

http://jcn.sagepub.com/


656

21. Patterson CA, Graves WL, Bugg G, et al: Antenatal and intra-
partum factors associated with the occurrence of seizures in
term infants. Obstet Gynecol 1989;74:361-365.

22. Signore CC, Sood AK, Richards DS: Second trimester vaginal
bleeding: Correlation of ultrasonographic findings with perinatal
outcome. Am J Obstet Gynecol 1998;178:336-340.

23. Chan CWC, To WKW: Antepartum hemorrhage of unknown ori-
gin&mdash;What is its clinical significance? Acta Obstet Gynecol Scand
1999;78:186-190.

24. Beebe LA, Cowan LD, Altshuler G: The epidemiology of placen-
tal features: Associations with gestational age and neonatal out-
come. Obstet Gynecol 1996;5:771-778.

APPENDIX

&bullet; Family history of epilepsy: maternal report of two or
more unprovoked seizures not related to a specified
acute underlying cause

&bullet; Diseases in the 2 years before pregnancy: maternal report
of any major illness in the 2 years before pregnancy

&bullet; Bleeding: maternal report of bleeding during pregnancy
lasting at least 24 hours

&bullet; Placental pathology: maternal report of physician diag-
nosis of placenta previa, meconium staining, placental
infarction, retroplacental hematoma, abruptio placentae

&bullet; Preeclampsia: pregnancy-induced hypertension associ-
ated with proteinuria

25. Piper JM, Lauger O, Xenakis EM, et al: Perinatal outcome in
growth-restricted fetuses: Do hypertensive and normotensive
pregnancies differ? Obstet Gynecol 1996;88:194-199.

26. Sibai MB, Lindheimer M, Hauth J, et al: Risk factors for preeclamp-
sia, abruptio placentae, and adverse neonatal outcomes among
women with chronic hypertension. N Engl J Med

1998;339:667-671.

27. Ottman R, Lee JH, Risch N, et al: Clinical indicators of genetic sus-
ceptibility to epilepsy. Epilepsia 1996;37:353-361.

28. Sarnat HB, Sarnat MS: Neonatal encephalopathy following fetal
distress. Arch Neurol 1976;33:696-705.

&bullet; Premature rupture of membranes: rupture of membranes
before the onset of labor

&bullet; Small for gestational age: birthweight less than the 10th
percentile for gestational age

&bullet; Hypoxic-ischemic encephalopathy: defined according
to Sarnat and Sarnat’s criteria28

&bullet; Hypocalcemia: total calcium < 8 mg/dL (birthweight >

2500 g); < 7 mg/dL (birthweight < 2500 g) 
&bullet; Hypomagnesemia: < 1.6 mg/dL
&bullet; Hypoglycemia: < 35 mg/dL (birthweight > 2500 g) in the

first 72 hours of life; < 25 mg/dL (birthweight < 2500 g)
in the first week of life; < 40 mg/dL (any weight) at the
end of the first week of life

&bullet; Hyponatremia: < 130 mEq/L
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