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Background: seizures are one of the most common symp-
toms of acute neurological disorders in newborns. This study 
aimed at evaluating predictors of epilepsy in newborns with 
neonatal seizures.
Methods: We recruited consecutively 85 neonates with 
repeated neonatal video-electroencephalogram (eeG)-
confirmed seizures between January 1999 and December 
2004. The relationship between clinical, eeG, and ultrasound 
(Us) data in the neonatal period and the development of post-
neonatal epilepsy was investigated at 7 y of age.
results: Fifteen patients (17.6%) developed postneonatal 
epilepsy. Partial or no response to anticonvulsant therapy (odds 
ratio (OR) 16.7, 95% confidence interval (cI): 1.8–155.8, P = 0.01; 
OR 47, 95% cI: 5.2–418.1, P < 0.01, respectively), severely abnor-
mal cerebral Us scan findings (OR: 5.4; 95% cI: 1.1–27.4; P < 
0.04), severely abnormal eeG background activity (OR: 9.5; 95% 
cI: 1.6–54.2; P = 0.01), and the presence of status epilepticus 
(OR: 6.1; 95% cI: 1.8–20.3; P < 0.01) were found to be predictors 
of epilepsy. however, only the response to therapy seemed to 
be an independent predictor of postneonatal epilepsy.
conclusion: Neonatal seizures seem to be related to post-
neonatal epilepsy. Recurrent and prolonged neonatal seizures 
may act on an epileptogenic substrate, causing further dam-
age, which is responsible for the subsequent clinical expres-
sion of epilepsy.

seizures are one of the most common symptoms of acute 
neurological diseases in newborns and their incidence is 

considerably higher during the neonatal period than at any 
other time of life (1). Current estimates indicate a prevalence 
of neonatal seizures ranging from 0.5% in full-term newborns 
to 22.2% in preterm newborns (2). Neonatal seizures represent 
a common neurological sign in the neonatal intensive care unit 
(NICU) and are associated with increased risk of death as well 
as of long-term morbidity in survivors, including mental retar-
dation and postneonatal epilepsy (3).

The most frequent etiologies of acute brain injury in the 
perinatal period are hypoxic–ischemic encephalopathy in 
full-term newborns and cerebral hemorrhage in preterm 

infants, often resulting in long-term neurological sequelae 
such as cerebral palsy (CP), mental retardation, and in ~17–
56% of patients, epilepsy (4). Perinatal brain damage and/
or neonatal seizures can be risk factors for developing epi-
lepsy in later years (2). A recent study reports that ~16% of 
patients with neonatal seizures die early, whereas 33% have 
an adverse outcome (3).

Experimental studies in animals show that the immature 
central nervous system is more susceptible to developing sei-
zures secondary to brain damage than that of adult animals, 
although the immature brain is less susceptible to damage 
induced by seizures (5,6).

An association between factors responsible for neonatal 
brain injury and development of epilepsy in childhood has 
been reported. However, published data on the magnitude of 
the risk of developing postneonatal epilepsy and predisposing 
factors present considerable variability mainly due to small 
sample size of some studies, inclusion of newborns with sei-
zures detected only clinically, and short follow-up duration 
(3,7,8). We attempted to address this gap by evaluating the 
frequency of postneonatal epilepsy at 7 y of age in a group of 
patients who presented video-electroencephalogram (EEG)-
confirmed neonatal seizures and evaluated the clinical, EEG, 
and cerebral ultrasound (US) findings associated with the 
development of epilepsy.

Results
Between January 1999 and December 2004, of the 2,072 new-
borns consecutively admitted at the NICU of the University 
of Parma, 85 (4.1%) presented video-EEG-confirmed neonatal 
seizures and fulfilled our inclusion criteria. Mean gestational 
age (GA) was 34.38 (SD 5.9) and birth weight ranged between 
500 g and 4,450 g (mean birth weight 2,283 g, SD 1,174.8). 
Mean follow-up was 8.6 y (SD 1.5) with a minimum of 7 y; no 
patient was lost to follow-up. The characteristics of the sample 
and clinical findings are summarized in Table 1.

At least one probable etiology was identified in all newborns 
and the most frequent was hypoxic–ischemic encephalopathy 
(43.5%). In all patients, postnatal computed tomography or 
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table 1. sample findings

Variable
All subjects, 

n (%)

subjects, n (%)

P Odds ratio* 95% CI P* Without epilepsy With epilepsy

total 85 70 15

Gender 0.08

 Male 47 (55.2) 42 (60) 5 (33.3)

Delivery 0.5

 spontaneous 35 (41.1) 30 (42.8) 5 (33.3)

Gestational age (wk) 0.8

 ≥37 44 (51.7) 36 (51.4) 8 (53.3)

 34–36 8 (9.4) 7 (10) 1 (6.6)

 29–33 15 (17.6) 13 (18.5) 2 (13.3)

 ≤28 18 (21.1) 14 (20) 4 (26.6)

Birth weight 0.7

 >2,500 g 42 (49.4) 36 (51.4) 6 (40)

 1,501–2,500 g 16 (18.8) 12 (17.1) 4 (26.6)

 1,000–1,500 g 8 (9.4) 7 (10) 1 (6.6)

 <1,000 g 19 (22.3) 15 (21.4) 4 (26.6)

1-min Apgar score 0.3

 8–10 33 (38.8) 29 (41.4) 4 (26.6)

 4–7 17 (20) 12 (17.1) 5 (33.3)

 0–3 35 (41.1) 29 (41.4) 6 (40)

5-min Apgar score 0.2

 8–10 40 (47) 32 (45.7) 8 (53.3)

 4–7 34 (40) 27 (38.5) 7 (46.6)

 0–3 11 (12.9) 11 (15.7) 0 (0)

Reanimation maneuvers 0.4

 Routine assistance 33 (38.8) 26 (37.1) 7 (46.6)

 Oxygen supply 4 (4.7) 4 (5.7) 0 (0)

 Intermittent positive- 
 pressure ventilation

7 (8.2) 7 (10) 0 (0)

 Continuous  
 positive-pressure  
 ventilation, endotracheal  
 intubation/cardiopulmonary  
 resuscitation

41 (48.2) 33 (47.1) 8 (53.3)

etiology 0.6

 Other 25 (29.4) 20 (28.5) 5 (33.3)

 Brain hemorrhages 23 (27) 18 (25.7) 5 (33.3)

 Acute respiratory distress 37 (43.5) 32 (45.7) 5 (33.3)

Onset of seizures 0.1

 ≤24 h 22 (25.8) 21 (30) 1 (6.7)

 25–48 h 11 (12.9) 9 (12.9) 2 (13.3)

 >48 h 52 (61.1) 40 (57.1) 12 (80)

seizures type 1.0

 One 29 (34.1) 24 (34.2) 5 (33.3)

efficacy of therapy <0.01

 Good response 48 (56.4) 47 (67.1) 1 (6.6) 1.00

 Partial response 19 (22.3) 14 (20) 5 (33.3) 16.7 1.8–155.8 0.01

 No response 18 (21.1) 9 (12.8) 9 (60) 47 5.2–418.1 <0.01

table 1.  Continued on following page
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magnetic resonance imaging confirmed the neonatal cerebral 
US findings. Etiology was not related to epilepsy (P = 0.6). 
Furthermore, the majority of newborns (61.2%) presented a 
seizure onset after the first 48 h of life and more than one type 
of seizure (65.9%). Focal/multifocal clonic was the most fre-
quently observed seizure type.

Normal vs. Adverse Outcome
A favorable outcome was seen in 33/85 infants (38.8%) and 
an adverse outcome in 52. Fifteen of those with adverse out-
comes died. Twenty-seven patients (31.7%) presented with CP 
either isolated (8/85 patients, 9.4%) or associated with epilepsy 
and mental retardation (13/85, 15.3%). Mental retardation was 
present in 27 patients (31.7%); in 8 of these (9.4%) this was 
isolated.

Development of Subsequent Epilepsy
At the last follow-up, 15 infants presented with epilepsy, 
making the cumulative incidence of postneonatal epilepsy in 
these children with antecedents of neonatal seizures 17.6%. In 
60% the onset of epilepsy was in the neonatal period, whereas 
in 13.3% the onset occurred in the first 3 mo of life or the first 
year, and after the first year of life in the remaining 26.6%. 
Statistical analysis showed that EEG background activity, US, 
and efficacy of the anticonvulsant therapy were independent 
variables predictive of a higher risk of subsequent epilepsy 
(Tables 1 and 2). Epilepsy-free survival data are presented in 
Figure 1.

Regarding nosological aspects, all of our patients developed 
symptomatic localization-related epilepsy with focal motor 
seizures and secondary generalization. Four infants also pre-
sented an electro-clinical pattern consistent with West syn-
drome. Moreover, all but two of the patients with epilepsy 

had CP and mental retardation (86.6%); of these, 73.3% had a 
spastic quadriplegia. Table 3 shows the US and electro-clinical 
features as well as the outcome of the epileptic patients at 7 y 
of age.

Refractoriness to Antiepileptic Drug Treatment
In our sample only one of 18 newborns (5.5%) who were 
refractory to anticonvulsants had a completely normal ultra-
sound scan and 5 newborns (27%) were diagnosed with a 
mild intraventricular hemorrhage or transient periventricular 
echodensities. Nine of the 18 refractory patients subsequently 
 developed epilepsy. The coexistence in the majority of our 
patients of brain damage and drug-resistant seizures (12/18) 
did not allow us to disentangle which was the cause of the 
increased incidence of epilepsy in this subgroup.

DIsCussION
Neonatal seizures are often thought to be an epiphenomenon 
of the underlying brain damage and it is the latter that usu-
ally leads to an adverse outcome. According to Lilienfeld and 
Pasamanick, it is the “brain damage incurred during the pre-
natal and perinatal periods as a result of abnormalities during 
these periods” that leads to “a gradient of injury extending 
from fetal and neonatal death through CP, epilepsy, behavior 
disorder, and mental retardation (9)”. In our study, we evalu-
ated whether neonatal seizures that occurred in our sample 
could be considered a risk factor for epileptogenesis. The risk 
for developing epilepsy in childhood in patients with history 
of neonatal seizures is reported as greater than 50% as com-
pared with a 0.5% risk for the general pediatric population 
(2). However, this rate has significant variability in the lit-
erature partly due to variability in inclusion criteria adopted 
by different studies. In addition, some authors only consider 

ultrasound brain scans <0.01

 Normal 23 (27) 21 (30) 2 (13.3) 1.00

 IIa 27 (31.7) 26 (37.1) 1 (6.6) 0.4 0.03–4.7 0.4

 IIIb 35 (41.1) 23 (32.8) 12 (80) 5.48 1.1–27.4 0.04

eeG 0.01

 Normal or mildly abnormal 37 (43.5) 35 (50) 2 (13.3) 1.00

 Moderately abnormal 31 (36.4) 24 (34.2) 7 (46.6) 5.1 0.9–26.7 0.054

 severely abnormal 17 (20) 11 (15.7) 6 (40) 9.5 1.6–54.2 0.01

Neurological examination 0.3

 Normal 36 (42.3) 32 (45.7) 4 (26.6)

 Moderately abnormal 30 (35.2) 23 (32.8) 7 (46.6)

 severely abnormal 19 (22.3) 15 (21.4) 4 (26.6)

status epilepticus <0.01

 Yes 19 (22.3) 11 (15.7) 8 (53.3) 6.1 1.8–20.3 <0.01

cI, confidence interval; eeG, electroencephalogram; IVh, intraventricular hemorrhage.
aII = IVh of degree I or II, transient periventricular echodensities on ultrasound brain scan. bIII = IVh of degree III or IV, intraparenchymal hemorrhage, periventricular leukomalacia on 
ultrasound brain scan. *Odds ratio and P values from univariate logistic regression analysis. P < 0.05 was considered significant.

table 1.  Continued

Variable
All subjects, 

n (%)

subjects, n (%)

P Odds ratio* 95% CI P* Without epilepsy With epilepsy
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 full-term newborns, whereas others include both full-term 
and preterm newborns. A 56% rate of epilepsy has been 
reported in newborns with video-EEG-confirmed seizures 
that were followed-up to a mean postnatal age of 31 mo (7), 
whereas only 17.6% of the newborns recruited to our study 

developed epilepsy later in life. However, even with reported 
variability in the incidence across different studies, early sei-
zures seem to be predictors of epilepsy following brain inju-
ries, although it is not clear if this effect is independent of 
the severity of the injury. Remote symptomatic seizures are 
thought to be the consequences of chronic changes in neural 
networks favoring excitation. In fact, it is reported that about 
20% of survivors with neonatal seizures have one or more 
seizures by 7 y of age, with most occurring during the first 
year of life (10). Because neonatal seizures seem to contribute 
to the development of postneonatal epilepsy, a careful indi-
vidual assessment of the potential risk factors in these new-
borns is required. In our study, the response to antiepileptic 
drugs (AEDs), the presence of status epilepticus (SE), severe 

table 2. Multivariate analysis: risk factors for postneonatal epilepsy

Variable OR 95% CI P

efficacy of therapy <0.01

 Good response 1.00

 Partial response 10.7 1.1–103.5 0.04

 No response 38.1 3.7–383.2 <0.01

cI, confidence interval; OR, odds ratio.
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Figure 1. Kaplan–Meier estimates for epilepsy-free survival rate (y-axis) among 85 newborns with video-eeG-confirmed neonatal convulsions, calculated 
over the minimum follow-up period of 7 y (2,555 d). (a) Patients with a normal or mildly abnormal background eeG, dashed line (n = 37); moderately 
abnormal eeG, dash-dot line (n = 31); or severely abnormal eeG, solid line (n = 17). (b) Newborns with normal us brain scan, dash-dot line (n = 23); us 
abnormalities grade II, dashed line (n = 27); and us abnormalities grade III, solid line (n = 35). (c) Patients with status epilepticus, solid line (n = 66); and 
patients without, dashed line (n = 19). (d) Patients in which drug treatment was effective on convulsions, dashed line (n = 48); patients with partial 
response, dash-dot line (n = 19); and patients with refractoriness, solid line (n = 18). eeG, electroencephalogram; us, ultrasound. 
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abnormal background EEG activity, and severely abnormal 
cerebral US scan findings seem to be predictors of postneo-
natal epilepsy.

Newborns who fail to respond to anticonvulsant treatment 
have up to a fourfold increased risk of developing epilepsy 
(11,12). Furthermore, these patients had more severe cerebral 
damage, which could independently lead to more prolonged 
and untreatable acute seizures and subsequent development of 
epilepsy. Whether or not the underlying etiology accounts for 
both the poor seizure control and the adverse outcome is still a 
matter of debate. Some authors consider the underlying etiol-
ogy and not the seizures to be the main factor responsible for 
subsequent epilepsy (13). However, animal studies highlight 
how recurrent neonatal seizures may impair neurogenesis in 
the dentate gyrus (14) and lead to a persistent enhancement of 
neocortical excitability with increased susceptibility to seizure 
generation (15).

Capitalizing on the fact that all newborns who have neo-
natal seizures at our NICU are EEG-monitored, we observed 

that 27.1% (13/48) of those with severe abnormalities in the 
background EEG activity developed epilepsy, accounting for 
86% of all epileptic patients. Some studies suggest that back-
ground EEG activity is a predictor of epilepsy, although usu-
ally related to the neurodevelopmental outcome, and more 
recently the presence of persistent background abnormali-
ties in sequential EEG recordings was related to an increased 
risk for epilepsy (relative risk = 1.8; ref. 16). Increasing avail-
ability of amplitude-integrated EEG in monitoring neonates 
with seizures (11,17) and differences in ascertainment (pro-
spective vs. retrospective studies) might account for some of 
the differences in results (7,18). A rate of 9.5% of postneo-
natal epilepsy has been reported in studies using amplitude-
integrated EEG (11) and higher rates were seen in hospital-
based studies where the seizures were EEG-confirmed (41.4 
to 56%; refs. 7,16). Furthermore, rates of epilepsy in the sur-
viving patients varying between 18 and 27% are seen in large 
population studies with clinically identified seizures and 
long follow-up (3,18).

table 3. us and electroclinical features of subjects with postneonatal epilepsy

Pt GA wk us findings eeG findings West syndrome seizures type Outcome

1 35 Multicystic encephalopathy Multiple foci, more evident 
on right posterior regions

+ Class 2 CPs, 
PssG

spastic quadriplegia, 
DD, epilepsy

2 24 IV/IP hemorrhage, hydrocephalus, 
right porencephalic cyst

Focus on right posterior 
region

Class 2 PssG spastic quadriplegia, 
DD, epilepsy

3 30.5 IV/IP hemorrhage, hydrocephalus, 
bilateral porencephalic cysts

Hypsarrhythmia, then 
multiple foci more active 
on the left centrotemporal 
regions

+ Class 2 CPs, 
PssG

spastic quadriplegia, 
DD, epilepsy

4 24 IV/IP hemorrhage, ventricular 
dilatation

left parieto-occipital focus Class 1 PssG Right hemiplegia, 
DD, epilepsy

5 28 IV/IP hemorrhage, hydrocephalus, 
right porencephalic cyst

Focus on the right posterior 
regions

Class 3 CPs, 
PssG

spastic quadriplegia, 
DD, epilepsy

6 29 Cystic PVl, ventricular dilatation, 
atrophy

Hypsarrhythmia, then 
multiple foci more active on 
the left posterior regions

+ Class 2 CPs, 
PssG

spastic quadriplegia, 
DD, epilepsy

7 27 IV/IP hemorrhage, hydrocephalus, 
brain atrophy

Multiple foci Class 2 PssG spastic quadriplegia, 
DD, epilepsy

8 40 Microcephaly, brain atrophy Multiple foci Class 4 PssG spastic quadriplegia, 
DD, epilepsy

9 37 IV/IP hemorrhage Multiple foci Class 1 CPs spastic quadriplegia, 
DD, epilepsy

10 41 Cystic PVl, brain atrophy Multiple foci Class 2 ts spastic quadriplegia, 
DD, epilepsy

11 42 Cystic PVl ventricular dilatation, brain 
atrophy

Multiple foci Class 4 CPs spastic quadriplegia, 
DD, epilepsy

12 40 IV/IP hemorrhage Multiple foci + Class 4 PssG left hemiplegia, DD, 
epilepsy

13 40 subependymal hemorrhage Multiple foci Class 2 CPs spastic quadriplegia, DD, 
epilepsy

14 40 Normal Focus on the left anterior 
regions

Class 1 ts epilepsy

15 40 Normal Focus on the right posterior 
regions

Class 1 PssG epilepsy

cPs, complex partial seizures; DD, developmental delay; eeG, electroencephalogram; Ga, gestational age; IV/IP, intraventricular/intraparenchymal hemorrhage; PssG, partial seizures 
with secondary generalization; PVL, periventricular leukomalacia; Ts, tonic seizures; Us, ultrasound.
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The duration of the seizures also seems to be a predictor of 
epilepsy. In our study, of the 19 patients with SE, 8 (42%) devel-
oped epilepsy. Often SE occurs in the context of brain insults 
that are in themselves risk factors for epilepsy. Animal models 
of SE are often used to understand epileptogenesis; however, 
the real influence of SE in human epilepsy is difficult to estab-
lish. In a retrospective study, a history of SE at onset of the 
seizures increased the incidence of later unprovoked seizures 
to 41% compared with 13% in those without SE (19). The etiol-
ogy of acute SE has been reported as responsible for increased 
risk of late seizures with those with anoxic insults having the 
highest relative risk (18.8 ref. 19). Furthermore, our study sug-
gests that the more severe the brain damage seen on US, the 
higher the risk of developing postneonatal epilepsy. These data 
suggest a synergistic effect of the underlying brain disorder 
and SE for the development of epilepsy, such that when sei-
zures are particularly prolonged and/or are coupled with struc-
tural brain damage, subsequent epilepsy may occur (20). This 
is also indirectly corroborated by recent clinical studies that 
reported that larger stroke size is associated with higher risk of 
later seizures (21), and patients with neonatal encephalopathy 
who  developed severe brain damage are more likely to develop 
epilepsy as compared with those with mild to moderate brain 
injuries; furthermore, SE was independently associated with 
epilepsy (hazard ratio = 17.3) in the multivariate analysis 
adjusted for degree of encephalopathy and severe/near-total 
brain injury (22).

Although cerebral magnetic resonance imaging pro-
vides high-resolution images especially for detecting subtle 
white matter injury, we used cerebral US in close temporal 
 relationship with onset of neonatal seizures as this is still 
the most frequently used brain imaging technique in the 
vulnerable newborn in the NICU due to its safety, nonin-
vasiveness, and accessibility at bedside (23). Moreover, US 
is an highly sensitive method for detecting germinal-layer 
hemorrhage, cystic changes, periventricular leukomalacia, 
and intraventricular hemorrhage, which are all known to be 
risk factors for an adverse outcome (23). In our study, we 
could not find any association between the type of etiology 
and postneonatal epilepsy. In a population-based cohort 
study, the highest relative risks for childhood epilepsy were 
associated with eclampsia and neonatal seizures regardless 
of cause (24).

The frequency of epilepsy was similar in full-term (18.1%) 
and preterm (17.1%) newborns. In our study, data in preterm 
newborns are similar to those reported in the literature. The 
frequency in full-term newborns is somewhat lower com-
pared with that of Scher et al. (25), who reported a rate of 
postneonatal epilepsy of 30% in their full-term newborns in 
a  hospital-based study with EEG-confirmed seizures. Their 
study includes a higher percentage of cerebral infarcts (77%) 
and of newborns at high risk of adverse outcome (such as 
outborn patients, those with brain malformations, and those 
with inherited metabolic diseases: all of these conditions 
were excluded from our study). These considerations sug-
gests that difficulties in comparing results from different 

studies might be due to a combination of factors, including 
therapeutic advances occurring in the NICU in recent years 
and differences in inclusion criteria. In all but two of our 
children, epilepsy was associated with developmental delay 
and CP. This confirms that patients with acute symptomatic 
neonatal seizures are at high risk of multiple neurodevelop-
mental disabilities (26).

Individuals with neurological abnormalities and develop-
mental delay are known to be at higher risk of febrile seizures 
(27). Moreover, febrile seizures are reported to be associated 
with an increased risk of epilepsy, which is particularly high 
for persons with CP, low Apgar scores, or a family history of 
epilepsy (28). In two of the three patients with onset of epi-
lepsy after the first year of life, this was preceded by a febrile 
SE. The effect of febrile convulsive SE on the brains of our 
patients might, therefore, have resulted in an additive acute 
brain injury and therefore contributed to the development of 
epilepsy.

A wide range of studies conducted on different developmen-
tal models of epilepsy suggest that epileptogenesis early in life 
has unique features (29). In 60% of the studied patients, the 
onset of epilepsy was in the neonatal period (9/15) in the form 
of symptomatic epilepsy with focal seizures, 4 patients (26.6%) 
developed West syndrome, and in 3 patients onset was after the 
first year of life. One of the explanations might be in the sever-
ity of the cerebral damage in our group of patients. In only 
six patients, a brief silent period preceded the development 
of epilepsy. Such time delay might have allowed an abnormal 
synaptic reorganization and in turn epileptic neuronal circuits. 
The frequency of West syndrome was lower than in a previous 
report (30).

Whatever the specific mechanisms of injury, the main patho-
logical features include either massive cell death that starts the 
epileptogenesis process, or repetitive and prolonged seizures 
that may alter the developing brain early in life to create epi-
leptic neuronal circuits (29,31). Finally, our data confirm that 
newborns with neonatal seizures deserve special care because 
they are at higher risk of developing postneonatal epilepsy and 
require specialist care.

MetHODs AND PAtIeNts
This study was conducted on newborns with neonatal seizures who 
were consecutively admitted to the NICU of the University Hospital 
of Parma between January 1999 and December 2004. We set the fol-
lowing inclusion criteria: (i) repeated neonatal EEG-confirmed sei-
zures; (ii) the first video-EEG with ictal activity performed before 
starting antiepileptic therapy; (iii) more than one video-EEG per-
formed during the neonatal period; (iv) more than one US examina-
tion performed up to term age and at least one computed tomography 
and/or magnetic resonance imaging examination obtained in the first 
year of life in the surviving patients; and (v) neurological and EEG 
follow-up to at least 7 y of age.

Neonates with congenital malformations or inherited metabolic 
diseases were excluded from this study. Video-EEG data were avail-
able as part of the routine assessment and care of all newborns at 
high risk of having seizures based on predisposing factors such as 
birth asphyxia, sepsis, meningitis, metabolic disorders, malforma-
tions, intraventricular hemorrhage, or periventricular leukomala-
cia on brain US, or who presented with clinical signs suggestive of 
seizures.
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Clinical Findings
The following variables were collected: natural childbirth or cesar-

ean section, singleton versus multiple gestation, kind of delivery, gen-
der, GA, birth weight, Apgar score at the first and fifth minute, and 
need for cardiopulmonary resuscitation.

Based on GA, our sample was divided into four subgroups; GA ≥ 
37 wk, GA = 34–36 wk, GA = 29–33 wk, and GA ≤ 28 wk.

Birth weight was ranked in three categories: ≥1,500 g (low birth 
weight), between 1,000 and 1,499 g (very low birth weight), < 1,000 g 
(extremely low birth weight).

Apgar score at the first and fifth minutes was ranked as follows: ≤3; 
between 4 and 7; ≥8.

The need for and the kind of resuscitation was separated into the 
following four categories: (i) routine assistance, (ii) need for oxygen 
supply, (iii) intermittent positive-pressure ventilation, (iv) continuous 
positive-pressure ventilation/endotracheal intubation/cardiopulmo-
nary resuscitation.

The neurological examinations performed at the beginning of the 
neonatal seizures were classified as follows: (i) normal: with normal 
muscle tone, active muscle movements present, normal alertness for 
age; (ii) moderately abnormal: with hypotonia/hypertonia, decreased 
active muscle movements, and lethargy; and (iii) severely abnormal: 
meaning flaccid, inactive, and/or coma (32).

Clinical seizures without EEG correlates were not considered. Time 
of seizure onset was divided into periods before or after the first 24 
or 48 h of life. Based on seizure semiology, patients were classified as 
having one or multiple seizure types (33). The occurrence of SE (34) 
was also coded as a variable.

The current therapeutic approach in our unit prescribes an intra-
venous bolus of phenobarbital at a dose of 20 mg/kg, repeated once 
if seizures persist, followed by intravenous administration of phe-
nytoin at a loading dose of 20 mg/kg at a rate of no more than 1 mg/
kg/min should seizures persist. When this treatment failed to con-
trol the seizure, our third-line anticonvulsant treatment consisted 
of an intravenous bolus of midazolam at 0.15 mg/kg followed by 
continuous intravenous infusion at 1 µg/kg/min, increased by 1 µg/
kg/min every 15 min. Response to anticonvulsant therapy was clas-
sified as good if seizures stopped after the use of the first AEDs; 
partial when seizures stopped after the use of the second AED, and 
no response when they persisted or recurred after the use of the 
second AED.

Electrophysiological and Neuroimaging Assessment
Polygraphic EEGs were obtained at the bedside in the NICU. 
Depending on the head size of the infants, 10 or 21 scalp elec-
trodes were applied according to the 10–20 International System. 
Electrocardiogram, lateral eye movements, chin electromyographic 
activity, and abdominal respiration were the other most frequently 
monitored physiological variables; an EEG technician was pres-
ent throughout the entire recording. Recordings continued until a 
complete cycle of wakefulness, quiet, and active sleep was obtained. 
However, when the state changes were not clearly distinguishable, the 
recording continued for at least 60 min. Standardized age-dependent 
criteria (35) were applied to assess EEG background activity, which 
was scored as:

1. Normal or mildly abnormal: excess sharp activity, absence or 
decreased frequency of normal patterns, excessively long low-
voltage periods, or overall slightly decreased voltage;

2. Moderately abnormal: asymmetries in voltage or frequencies, 
asynchrony for age;

3. Severely abnormal: isoelectric or low-voltage invariant activity, 
burst-suppression pattern, permanent discontinuous activity.

The ictal EEG discharges were selected according to the following 
criteria: (i) clear beginning and end, (ii) lasting more than 10 s, and 
(iii) evolution in frequency and morphology. Any behavioral change 
and specific clinical correlates were noted.

In all infants, we performed real-time cerebral US in the first 72 h of 
life and repeated the procedure in the second week of life by the 14th 
postnatal day and at 40-wk postconceptional age. Abnormalities such 

as intracranial hemorrhage, parenchymal echodensities, and hydro-
cephalus and brain malformations were recorded and classified, with 
increasing scores reflecting more severe damage. Computed tomog-
raphy or magnetic resonance imaging was available for every patient 
and the data were used in the analysis only if discordant from the US 
findings.

Outcome Measures
Neurodevelopmental outcome was assessed at 44-wk postconcep-
tional age, 1 mo after hospital discharge, at the corrected age of 3, 
6, 9, 12, 18, and 24 mo and every 6 mo afterwards up to the age of 
7 y. The oldest patients continued to be followed up every 6 mo or 
according to clinical needs. Neuromotor assessment was based on 
Amiel-Tison and Dubowitz’s neurological examination (32,36). 
Developmental quotient was measured using Griffiths’ Mental 
Developmental Scale (37). Results were classified as normal when 
the developmental quotient was 80 or above and as abnormal when 
it was below 80. CP was diagnosed in the presence of a qualitative 
motor disorder due to nonprogressive interference with develop-
ment of the brain occurring before the growth of the central nervous 
system is complete (38). It was classified according to topography 
and the nature of the motor disorder (38). Neurodevelopmental 
outcome was classified as favorable in the presence of normal neu-
rological development or mild muscle tone and reflex abnormalities. 
Adverse outcome was defined as the presence of CP, developmental 
delay, epilepsy, or death. Infants were considered as having epilepsy 
when unprovoked, recurring epileptic seizures either occurred in 
the neonatal period persisting beyond the third month of corrected 
age and it was impracticable to taper off the antiepileptic therapy 
or had an onset after the neonatal period. We defined the neonatal 
period up to 44 completed weeks’ postconceptional age for preterm 
infants born at ≤36 wk of GA. Epileptic spikes/sharps waves in the 
routine EEG and need for chronic anticonvulsant therapy had to be 
present. The types of seizures and epileptic syndromes were deter-
mined based on the proposed classification by the International 
League Against Epilepsy (39). Epilepsy was graded according to a 
modified Engel classification (40). All the measured clinical vari-
ables were investigated in relation to the development of postneo-
natal epilepsy.

Statistical Analysis
The Student’s t test for unpaired data was used to compare means of 
continuous variables. Nominal data were analyzed by means of the 
χ2 test or Fisher’s exact test as appropriate. OR was calculated using 
a univariate logistic regression model to determine which indepen-
dent variable(s) were related to epilepsy. Variables with a P value 
<0.05 and with an OR>1 on univariate analysis were included in a 
multiple logistic regression analysis. We used multivariate analysis 
to evaluate which independent variable/s were related to postneona-
tal epilepsy. To test the association of predictors with time to onset 
of epilepsy and the equality of survival distributions for the different 
levels of the predictors (EEG, US, SE, and efficacy of therapy) the 
log-rank (Mantel-Cox) statistics were computed. The Kaplan–Meier 
estimator was used to compute and display graphically the survival 
curves.

For the statistical analysis, etiologies were grouped into the fol-
lowing three categories: hypoxic–ischemic encephalopathy, cerebral 
hemorrhage, and others. In all instances, a P value less than 0.05 was 
accepted as significant. Statistical analysis was performed using the 
Statistical Package for the Social Sciences (Version 19.0.0; IBM SPSS 
Statistics, Chicago, IL, 2010).

The study was approved by the University of Parma Ethics Review 
Board. In accordance with current practice at our institution, informed 
consent was obtained before recruitment to the study and a form was 
signed by the parents of the patients to approve the use of patient 
information or material for scientific purposes; the informed consent 
forms were placed in the patient’s hospital chart.
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