
 

 

 University of Groningen

Functional development at school age of newborn infants at risk
Roze, Elise

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2011

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Roze, E. (2011). Functional development at school age of newborn infants at risk. s.n.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://research.rug.nl/en/publications/4b726d5f-17e2-4546-9df9-08cc86b3471f


Chapter 5

LONG-TERM NEUROLOGICAL OUTCOME OF 

TERM-BORN CHILDREN TREATED WITH TWO 

OR MORE ANTI-EPILEPTIC DRUGS IN THE 

NEONATAL PERIOD   

MARISKA J. VAN DER HEIDE, ELISE ROZE, CHRISTA N. VAN DER VEERE,  

HENDRIK J. TER HORST, OEBELE F. BROUWER, AREND F. BOS 

EARLY HUMAN DEVELOMENT 2011; DOI 10.1016/J.EARLHUMDEV.2011.06.012



Functional Development at School Age of Newborn Infants at Risk

Abstract

Background

Neonatal seizures may persist despite treatment with multiple anti-epileptic drugs 

(AEDs).

Objective

To determine in term-born infants with seizures that required two or more 

AEDs, whether treatment efficacy and/or the underlying disorder were related to 

neurological outcome.

Design/Methods

We included 82 children (born 1998-2006) treated for neonatal seizures. We recorded 

mortality, aetiology of seizures, the number of AEDs required, achievement of seizure 

control, and amplitude-integrated-EEG (aEEG) background patterns. Follow-up 

consisted of an age-adequate neurological examination. Surviving children were 

classified as normal, having mild neurological abnormalities, or cerebral palsy 

(CP). 

Results

Forty-seven infants (57%) had status epilepticus. The number of AEDs was not 

related to neurological outcome. Treatment with three or four AEDs as opposed 

to two showed a trend towards an increased risk of a poor outcome, i.e. death or 

CP, odds ratio (OR) 2.74; 95% confidence interval (CI) 0.98-7.69; p=.055. Failure to 

achieve seizure control increased the risk of poor outcome, OR 6.77; 95%-CI 1.42-

32.82, p=.016. Persistently severely abnormal aEEG background patterns also 

increased this risk, OR 3.19; 95%-CI 1.90-5.36; p<.001. In a multivariate model 

including abnormal aEEG background patterns, failure to achieve seizure control 

nearly reached significance towards an increased risk of poor outcome, OR 5.72, 

95%-CI 0.99–32.97, p=.051. We found no association between seizure aetiology 

and outcome. 
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Conclusions

In term-born infants with seizures that required two or more AEDs outcome was 

poorer if seizure control failed. The number of AEDs required to reach seizure 

control and seizure aetiology had limited prognostic value. 
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Introduction

The incidence of seizures is higher in the neonatal period than in any other period 

of life and is estimated at approximately 3 per 1000 live births.1,2 In term infants, the 

most common cause of seizures is perinatal asphyxia. Other causes are cerebral 

infarction, cerebral haemorrhage, and infection.1,3-5 Neonatal seizures are associated 

with the development of neurological impairments in later life, such as cerebral palsy 

(CP), microcephaly, epilepsy, and psychomotor retardation.3,4 

Several anti-epileptic drugs (AEDs) are used for the treatment of neonatal seizures. 

Throughout the world, in accordance to international guidelines, phenobarbitone is 

the first choice of treatment. Failing this, a number of other AEDs including midazolam, 

lidocaine, phenytoin, diazepam, and clonazepam are available as second-choice 

drugs. Seizures may, however, persist in some infants despite treatment with multiple 

AEDs. This may either be a reflection of the severity of the underlying brain disorder 

that leads to the seizures, or the damaging effect of the recurrent and ongoing seizures 

themselves, or a combination of both. Ronen et al. suggest that the necessity to treat 

seizures with multiple drugs and the success of anticonvulsive treatment to achieve 

seizure control may have prognostic value for neurological outcome.1 

To date, the long-term neurodevelopmental outcome of children with recurrent 

seizures during the neonatal period is largely unknown. Particularly, the association 

between long-term outcome and the number of AEDs required and whether seizure 

control had been achieved, is unknown. Our primary aim, therefore, was to determine 

whether treatment efficacy, i.e. the number of AEDs required and seizure control, 

had prognostic value for outcome in term-born infants treated with two or more 

AEDs. Our second aim was to determine whether the underlying disorder causing 

the seizures had prognostic value for outcome. Our hypotheses were that a higher 

number of AEDs and the seizures persisting despite therapy were associated with 

poor outcome, irrespective of the underlying disorder. 
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Materials and Methods

Subjects

We selected all the term-born infants that had been admitted to the Neonatal 

Intensive Care Unit (NICU) of the University Medical Center Groningen between 1 

January 1998 and 31 December 2006 and that had been diagnosed with seizures. 

The study was approved by the Medical Ethical Committee of University Medical 

Center Groningen. We examined the infants’ medical charts and included those 

infants that had been treated with two or more AEDs. We excluded infants with 

major chromosomal and congenital anomalies. 

Perinatal and Neonatal Clinical Data

From the medical charts we obtained data on gestational age, birth weight, Apgar 

scores, and mode of delivery and we noted the age of onset of the seizures in 

hours after birth. Asphyxia was diagnosed by the presence of at least two of the 

following signs: foetal distress (abnormal cardiotocogram and/or meconium-

stained amniotic fluid), Apgar scores of <5 after 5 minutes, need for artificial 

ventilation for >5 minutes, resuscitation (external heart massage and/or the 

use of epinephrine), and umbilical cord pH (arterial pH <7.10). We identified the 

causes of seizures, based on the combination of findings regarding the history, 

physical and neurological examination, laboratory results, e.g. blood glucose, and 

neuro-imaging, all obtained during the first weeks after birth. Neuroimaging was 

performed by cranial ultrasonography, in many cases complemented by Magnetic 

Resonance Imaging. 

Amplitude Integrated EEG (aEEG) Patterns

We started recording of infants admitted with seizures or suspected seizures 

immediately following admission. The aEEGs were recorded by either one of 

two cerebral function monitors (CFM): the analogue Lectromed® Multitrace 2 

or the digital Olympic® CFM 6000 (from September 2003 onwards). When the 

former was used, it was calibrated every 24 hours. The nursing staff recorded 

all nursing and medical procedures including the occurrence of clinical seizures 

and the timing of the administration of all medication. The aEEGs were analyzed 
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by pattern recognition based on Toet et al.6 For this study, we assessed the 

patterns on the presence of epileptic discharges and status epilepticus (epileptic 

state).7 We also analyzed background patterns such as continuous normal voltage 

(CNV), discontinuous normal voltage (DNV), continuous low voltage (CLV), burst 

suppression (BS), and flat trace (FT). 

Treatment of Seizures 

We obtained information on treatment with AEDs from the medical and nursery 

charts. According to the protocol at our NICU, the drug of first choice was 

phenobarbitone at a loading dose of 20 mg/kg, administered intravenously. 

Approximately 30 to 60 minutes were allowed to establish, both clinically and 

electrographically, whether the seizures had stopped. If they persisted or recurred, 

we administered an additional 10 mg/kg phenobarbitone. Our second-choice drug 

was lidocaine (2 mg/kg intravenous loading dose, 6 mg/kg/h maintenance therapy) 

if the seizures persisted. Midazolam (0.05 mg/kg intravenous loading dose, 0.15 

mg/kg/h maintenance therapy) was our third-choice drug. In infants born from 

2001 onwards, our second-choice drug for treating seizures was midazolam and 

lidocaine our third-choice. We used the same dosing schedules as mentioned 

above. During the entire study period clonazepam was our fourth-choice drug (0.1 

mg/kg administered intravenously and repeated after 10 minutes, if necessary). 

We evaluated the effect of treatment both clinically, as recorded in the medical 

charts, and according to the aEEG recordings. We considered treatment with AEDs 

to have been successful, i.e. seizure control was achieved, if the seizures stopped 

(no more seizures) and did not recur, neither clinically nor electrographically. 

Outcome 

We determined the mortality rate and cause of death. Follow-up of the survivors 

was part of the regular follow-up programme of children that had been admitted 

to the NICU, and consisted of paediatric and neurological examinations. Parents 

gave their informed consent to participate in the follow-up programme.

The follow-up programme consisted of Hempel’s age-specific neurological 

examination for children aged one-and-a-half to four years.8 This examination 
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was developed to detect subtle neurological abnormalities by observing the 

child during play. It assesses seven subcategories: posture, coordination of trunk 

and extremities, fluency and adequacy of movements, sensorimotor functions, 

cranial nerves and development.8 Children with abnormalities on two or more 

subcategories were diagnosed as having minor neurological dysfunction (MND).9 

For children older than four years we used Touwen’s age-specific neurological 

examination.10 Eight subcategories were assessed: posture and muscle tone, 

reflexes, choreiform dyskinesia, coordination and balance, fine manipulative ability, 

cranial nerves, sensory integrity, and rarely occurring dysfunctions including an 

excess of associated movements. The children were diagnosed as having MND in 

the presence of dysfunction in three or more subcategories.9,10 

Following Bax’ criteria, the presence or absence of cerebral palsy (CP) was 

determined when infants had reached the age of at least 18 months.11 In case of CP, 

gross motor functioning was scored using the Gross Motor Function Classification 

System (GMFCS).12 This is a functional, five level classification system for CP based 

on self-initiated movement with particular emphasis on sitting (truncal control) 

and walking. The higher the level the more serious the impairment of functional 

abilities.

Epilepsy at Follow-up

In addition to categorising outcome as normal, mild, or major neurological 

abnormalities, we determined the presence of epilepsy during follow-up. Epilepsy 

was defined as at least two unprovoked seizures a year during follow-up. In these 

cases we also recorded whether anti-epileptic treatment was started. 

Statistical Analyses

For all the statistical analyses we used SPSS version 16.0. We first established 

whether the infant had survived the neonatal period. Next we classified outcome 

into any of four categories: normal, mild neurological abnormalities, major 

neurological abnormalities, and death. Children classified as normal showed no 

neurological signs or the neurological dysfunction was below the cut-off for MND. 

Children classified as having mild neurological abnormalities had MND but no CP. 
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Children with CP were classified as having major neurologic abnormalities. 

We used the X2 test for trend and Fisher’s exact test to evaluate the relations between 

seizure aetiology, the number of AEDs, seizure control, and outcome results. To do 

logistic regression analyses, we divided the above mentioned four categories into 

two groups: ‘good outcome’ (normal and mild neurological abnormalities) and ‘poor 

outcome’ (major neurological abnormalities and death). In addition, we assessed the 

relation between the presence of epilepsy at follow-up and seizure-related factors 

during the neonatal period. Results were expressed in odds ratios (OR) including 

95% confidence intervals (CI). Finally, we performed backward multiple logistic 

regression analyses to determine which factors were independently associated with 

outcome. Throughout the analyses p<.05 was considered statistically significant. 
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Results 

Between 1998 and 2006, 147 term infants with neonatal seizures were admitted to 

our NICU. Fifty-two infants were treated with one drug only and were not included 

in the study for that reason. Ninety-five infants were treated with two or more AEDs. 

After excluding 13 infants with major congenital or chromosomal abnormalities, 82 

children remained. 

Patient Characteristics

In Table 1 we present an overview of the patient characteristics and the underlying 

causes of the seizures. In all cases the onset of the seizures was from half an hour to 

more than five days after birth. Asphyxia was the most common cause of the seizures 

(n=55) followed by subdural haemorrhage (n=8), arterial cerebral infarction (n=7), and 

infection (n=6). Ten children had two potential causes for the seizures. All ten had 

intracranial haemorrhages or cerebral infarctions, combined with asphyxia in five 

children, bacterial infection in one child, a combination of subdural/subarachnoidal 

and intraparenchymal haemorrhage in two children, and a combination of subdural 

haemorrhage and infarction in two children.

aEEG Patterns

The aEEG recordings of the infants showed status epilepticus at admission in 26 

infants (32%) and during the clinical course in another 21 infants (26%). In 29 infants 

(35%), background activity of the aEEG at admission was scored as DNV or CNV, 

in 14 (17%) as BS and in 13 infants (16%) as FT. During admission, aEEG patterns 

of 48 infants (59%) remained normal or normalised into CNV or DNV. In 34 infants 

(41%) the patterns remained or became severely abnormal, i.e. FT and BS. During 

the clinical course, the most severely abnormal aEEG patterns were FT in 21 infants 

(26%), BS in 27 (33%), and status epilepticus (without FT or BS) in 16 infants (20%). 

Eighteen infants (22%) had consistently normal (CNV or DNV) aEEG patterns.
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Number of AEDs and Seizure Control

The number of AEDs required to treat seizures and the achievement of seizure control 

are presented in Figure 1. Twenty-one infants (26%) were treated with two AEDs, 36 

(44%) with three AEDs, and 25 (30%) with four AEDs. In 21 of the infants (26%) 

seizure control was achieved after administering a second AED, in another 27 (33%) 

after administering a third drug, and finally in another 17 (21%) after we administered 

a fourth drug. In 17 infants (21%) the seizures persisted despite therapy, 8 of these 

infants (10%) received four AEDs. Thus, 9 infants received three AEDs although 

seizure control was not achieved. Our reasons for not administering a fourth AED 

were various: short and/or unrecognised (electrographic) seizures and normal to 

high plasma levels of midazolam with the notion that clonazepam belonged to the 

same category of AED. Sometimes it remained unresolved. Of the 17 infants in 

whom seizures persisted despite therapy, 12 had asphyxia, 2 had arterial cerebral 

infarctions, 2 had meningitis, and in 1 infant the cause remained unresolved, but 

was presumably based on an unknown inborn error of metabolism. The distribution 

of aetiologies and neuroimaging findings of the infants in whom seizure control was 

achieved did not differ from that of the infants in whom seizure control failed. 

Outcome

Of the 82 infants, 31 (38%) children died. In 22 children intensive care treatment 

was withdrawn because of very poor prognosis based on the combined results of 

clinical findings, neuroimaging, background patterns of aEEG, and conventional 

EEG. Failure to achieve seizure control, whether clinically or on aEEG, was not a 

criterion to withdraw intensive care treatment. Nine children died due to combined 

respiratory and circulatory failure despite maximum treatment. 

Forty-five of the 51 survivors (88%) participated in the follow-up programme. Three 

sets of parents declined to participate while another three sets were lost to follow-up. 

Thus, outcome was known of 76 children (93%) of the total study group. Seventeen 

(38%) of the 45 children examined at follow-up were normal. Thirteen children (29%) 

had minor neurological abnormalities. These children all had coordination problems 

and most children also had deviations of development, abnormalities in the fluency 

and/or adequacy of movements, and/or in fine motor skills. Fifteen children (33%) 
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had major neurological abnormalities (14 had spastic CP and one dyskinetic CP) 

with GMFCS ranging from levels I to V (median II). 

The Number of AEDs in Relation to Outcome

We found no relation between the number of AEDs and outcome (Figure 2A). 

Nevertheless, treatment with three or four AEDs as opposed to two AEDs showed 

a trend towards an increased risk of neonatal death (OR 2.60; 95% CI 0.85 - 7.97; 

p=.095); and of poor outcome (OR 2.74; 95% CI 0.98 - 7.69; p=.055). Treatment with 

four AEDs, as opposed to treatment with two or three AEDs, did not increase the risk 

of neonatal death or poor outcome. In addition, the number of AEDs was not related 

to the cause of the seizures.

Seizure control in relation to outcome

The outcome of children in whom seizure control had not been achieved was worse 

than that of children in whom seizure control had been achieved (Figure 2B). Of the 

17 children in whom seizure control had not been achieved, 13 (76%) died and of 

the 65 in whom seizure control had been achieved, 18 (28%) died. Failure to achieve 

seizure control increased the risk of neonatal death considerably (OR 8.49; 95% CI 

2.44 - 29.48; p=.001). It was also related to outcome categorised into four categories 

(p=.004). The risk of poor outcome, i.e. death and CP, was significantly increased if 

seizure control had not been achieved (OR 6.77; 95% CI 1.42 – 32.82; p=.016). Of 

the four surviving infants in whom seizure control had not been achieved two were 

classified as normal and two had CP with GMFCS levels IV and V (not significant). 

The Cause of Seizures and Outcome

The most common cause of seizures was asphyxia. It reached a nearly significant 

relation with death in the neonatal period. In the neonatal period, 24 of the 55 children 

(44%) with asphyxia died compared to seven out of 27 children (26%) with other 

causes underlying the seizures (Fisher’s exact test, p=.094). There were no other 

relations between the several causes of the seizures and outcome (Table 2). Taken 

together, intracranial haemorrhage (subdural, subarachnoidal, and intraparenchymal 

haemorrhage), arterial cerebral infarction, and cerebral venous sinus thrombosis, 
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were not related with outcome either. Finally, the outcome of the ten children with 

more than one potential cause for the seizures did not differ from the children with a 

single aetiology for seizures.

aEEG Patterns and Outcome

The outcome of the children was significantly related to the course of the aEEG 

patterns. Out of the 33 children in whom aEEG patterns became or remained 

severely abnormal (FT and BS), 31 had a poor outcome, i.e. death and CP. Still, of 

the 43 children in whom background patterns became or remained normal, 15 had 

a poor outcome (Fisher’s exact, p<.001). There was a significant relation between an 

abnormal background pattern on the last aEEG registration and poor outcome (OR 

3.19; 95% CI 1.90-5.36; p< .001).

Status epilepticus was observed on aEEG in 44 of the 76 children of whom 

outcome data were available. Twenty of them died, 12 developed CP, 4 had mild 

neurological abnormalities and 8 were classified normal. Of the 32 children in whom 

status epilepticus was not observed on aEEG, 11 died, 3 developed CP, 9 had 

mild abnormalities and 9 were classified normal. This distribution nearly reached 

significance (X2 test for trend, p=.074).

Epilepsy at Follow-up

Epilepsy was diagnosed during follow-up in 13 of the 45 surviving children (29%): 

ten during the first year, two the second year, and one child during the fourth year. 

Epilepsy was more frequent in children with major neurological abnormalities, i.e. CP 

(X2 test for trend, p=.004). There was no relation between the development of epilepsy 

and the number of AEDs, causes of the seizures, specific neuroimaging findings, 

presence of status epilepticus on aEEG, and achievement of seizure control. 

Multivariate Analysis

We performed a multivariate logistic regression analysis to investigate which 

seizure-related factors contributed independently to death and poor outcome. 

Factors which had shown associations with poor outcome at p<.10 were entered 

as predictors: seizure control, and treatment with three or four AEDs, as opposed 
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to two AEDs. Regarding neonatal death, failure to achieve seizure control remained 

in the model (OR 8.49; 95% CI 2.44 - 29.48; p=.001). It explained 20.7% of the 

variance. Regarding good and poor outcome, again only failure to achieve seizure 

control remained in the model (OR 6.77; 95% CI 1.42 – 32.28, p=.016) explaining 

13.5% of the variance. We did not perform a multivariate logistic regression analysis 

among survivors to determine independent predictors of neurological development. 

The reason for this was that in some groups there were so few survivors so as to 

render statistical analyses inappropriate. 

We repeated the analyses entering the course of aEEG patterns in the model, 

together with seizure control and treatment with three or four AEDs, as opposed to 

two AEDs. Regarding good and poor outcome, the course of aEEG patterns (OR 

3.08, 95% CI 1.82 – 5.24, p<.0001) and failure to achieve seizure control (OR 5.72, 

95% CI 0.99 – 32.97, p=.051) remained independently in the model, of which failure 

to achieve seizure control nearly reached significance. The model explained 47.7% 

of the variance.
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TABLE 1 Patient characteristics and aetiology of seizures

Patient characteristics (n=82)

Male / Female    52/30

Gestational age (weeks)   40.0 (36.4 – 42.4)

Birth weight (grams)    3405 (2000 – 5475)

Onset of seizures (hours post partum)  4.0 (0.5- 135)

Age at follow-up (years)   4.0 (1.5 – 9)

Cause of seizures1

Asphyxia2     n=55 (67%)

Subdural haemorrhage   n=8 (10%)

Arterial cerebral infarction   n=7 (9%)

Infection / meningitis    n=6 (7%)

Intraparenchymal haemorrhage  n=4 (5%)

Hypoglycaemia3    n=3 (4%)

Miscellaneous causes4   n=2 (2%)

Cerebral venous sinus thrombosis  n=2 (2%)

Subarachnoïdal haemorrhage   n=1 (1%)

Unknown     n=4 (5%)

Data are given as median (minimum-maximum) or as numbers (percentage).
1.  Given as percentage of the total group. Since 10 infants had more than one cause for the seizures 

the total is > 100%
2.  Asphyxia was defined as two or more of the following criteria present: Signs of foetal distress 

(abnormal cardiotocogram and/or meconium-stained amniotic fluid); Apgar score of <5 after 5 
minutes; need for artificial ventilation for more than 5 minutes; resuscitation (external heart massage 
and/or use of epinephrine); umbilical cord pH <7.10

3.  Hypoglycaemia was defined as: blood glucose < 2.0 mmol/L or symptomatic hypoglycaemia with 
blood glucose <2.6 mmol/L

4. Kernicterus (n=1) and urea cycle disorder (n=1)
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Persistent seizures

   3rd drug (n=61)

Persistent seizures

   4th drug (n=25)

Seizure control

n = 27 (33%)

Seizure control

n = 17 (21%)

Persisting seizures, no other drugs

n = 9 (11%)

Persisting seizures, no other drugs

n = 8 (10%)

Persistent seizures despite first choice 

treatment

2nd drug

Seizure control

n = 21 (26%)

Figure 1 Distribution of children that received two, three, and four
anti-epileptic drugs in relation to seizure control
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In six of the children the outcome was unknown. Of these, one child received two drugs, three 
children received three drugs, and two children received four drugs.
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Discussion

With this study we demonstrated that seizures persisting despite anticonvulsant 

treatment in children receiving two or more AEDs were highly prognostic for poor 

outcome. Especially the risk of neonatal death was significantly increased. Moreover, 

we found that an increasing number of AEDs required to control seizures had some 

prognostic value. Treatment with three or four AEDs, as opposed to two AEDs, 

increased the risk of poor outcome: either death or CP. Seizure aetiology was not 

associated with outcome.

Our most striking finding was that failure to achieve seizure control was strongly 

associated with poor outcome rather than the number of AEDs required. Not 

surprisingly, persistently severely abnormal aEEG background patterns were most 

predictive of a poor outcome. Previously, the predictive value of aEEG background 

patterns have been demonstrated beyond doubt in asphyxiated infants.5-7 In our 

study, asphyxia was by far the most common cause of therapy-resistant seizures. 

It was found in two thirds of our children. Still, failure to achieve seizure control 

remained independently in the multivariate model, although its predictive value for 

adverse outcome now just failed to reach statistical significance. Previously, Castro 

et al. also reported that seizures persisting despite adequate therapy are prognostic 

for adverse outcome.13 They found that outcome at one year was better in children 

with seizure control with two or more AEDs than in children with persistent seizures 

with single or two-drug treatment.13 Their study group, however, was very small with 

only 13 children receiving midazolam as second-choice drug. Ronen et al., in their 

study on risk factors for adverse outcome following neonatal seizures, suggested 

that the need for multiple AEDs is a sign for poor outcome.1 Unlike us, they also 

included children that had been treated with only one AED. It is not clear from their 

study whether treatment with two or more AEDs, as opposed to one drug only, 

increased the risk of poor outcome. Possibly this fact was responsible for their 

findings. Our study on a large, high-risk group of children since they all required two 

or more AEDs, makes us believe that in these children achieving seizure control is 

more important than the number of AEDs required in the management of neonatal 

seizures.
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We did not find a relation between seizure aetiology and outcome. Others have 

reported that prognosis is strongly related to the aetiology of the seizures.4 In particular, 

asphyxia and cerebral haemorrhage are related to poor outcome.1,4,11 We think that 

the discrepancy can be explained by the differences in study populations. The 

seizures in the children of our study were difficult to treat because two or more AEDs 

were considered clinically necessary. Perhaps the severity of the underlying brain 

damage, irrespective of its cause, led to the seizures being impervious to treatment. 

We found that asphyxia was a relatively common cause for the seizures among 

children that died, but the association just failed to reach statistical significance. 

In the present study the age at follow-up ranged from one-and-a half to nine years. 

We only investigated neurological and motor functioning; cognitive functions were 

not tested in our follow-up programme. Of the surviving children the outcome in 

38% was normal, in 29% it was mildly abnormal, and in 33% outcome was severely 

abnormal. Other studies on neonatal seizures, without considering the number of 

AEDs, report comparable percentages of surviving children with normal outcomes 

(35-54%), mildly abnormal outcomes (37%), and severely abnormal outcomes 

(28%).1,4,14 This suggests that the requirement of multiple AEDs is not a poor 

prognostic sign per se. This is supported by our finding that outcome did not differ 

between children that required three versus four AEDs. 

We found that 29% of the surviving children developed epilepsy three months or 

more after discharge from our NICU. The development of epilepsy was strongly 

related to CP. Other studies in term-born infants that do not distinguish between the 

number of AEDs, reported percentages ranging from 9.4 to 29%.1,4,14-16 As was the 

case in our study, they found a strong association between development of epilepsy 

and poor neurological outcome.15 We were unable to identify neonatal risk factors 

that were independently associated with the development of epilepsy. 

It may well be that cerebral injury is the keystone of a poor response to AEDs. It 

explains the adverse outcome in children with seizures persisting despite therapy. 

Whether the seizures themselves are harmful for the brain remains unresolved. Several 

studies indicated that seizures may disrupt brain development in infants.2,17,18 This 

is in line with our findings of a better neurological outcome in the children in whom 

seizure control had been achieved. Other studies found the number or duration of 
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seizures to be predictive of poor outcomes which suggests that seizures cause 

additional damage.3,14,15,19 Finally, it has been suggested that AEDs interfere with 

brain development or even initiate apoptotic neurodegeneration.20,21 Especially the 

combination of several different AEDs would cause these changes. This is, however, 

highly speculative and could be neither confirmed nor denied by our data.

Strengths of our study are that we took both clinical and subclinical seizures 

into consideration and that we included a large number of children with a high 

percentage remaining for follow-up. We also recognise some limitations. We only 

included children treated with two or more AEDs; we did not include a control group 

of children, e.g. children treated with only one drug. Since the latter group is usually 

not referred to a NICU, including these children would have biased our results. 

Another limitation was the fact that ours was a single-centre study. Even though 

referring hospitals follow the same guidelines for treatment, caution should be taken 

to generalise our results to other centres. A third limitation was that we do not have 

data on cognitive outcome. Finally, our study was retrospective. 

Our study may have implications. On the basis of our findings it seems to be more 

important to achieve seizure control than to restrict the number of AEDs, irrespective 

of the aetiology of the seizures. It might be that newer AEDs such as levetiracetam 

and topiramate are more successful in stopping neonatal seizures than the AEDs 

currently used. Nevertheless, further research is needed to assess in detail the use 

of these drugs in newborns and to find optimal dosing regimens.22 

Conclusion 

Our study demonstrated that persistent seizures in term-born newborns, despite 

multiple AEDs, are prognostic for poor outcome. We also found that treatment with 

three or four AEDs, as opposed to two, had some prognostic value. Persistently 

severely abnormal aEEG background patterns were most predictive of a poor 

outcome. It may well be that cerebral damage is the common underlying factor, 

related both to the difficulty in achieving seizure control and to poor neurological 

outcome. Additionally, ongoing seizures and AEDs may possibly exacerbate already 

existing brain damage. Our findings may have implications for the treatment policy 

of neonatal seizures.
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