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To discuss 

•  Who needs monitoring and treatment 
•  How should we monitor 
•  How should we treat seizures 
•  How long should we treat for 



The Current Etiologic Profile and Neurodevelopmental 
Outcome of Seizures in Term Newborn Infants 

Tekgul et al; Pediatrics 2006; 117(4):1270-80   
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Electrographic  
Seizures 

n=9 children 
526 seizures 

 
Clinical signs 

present on Video 
n=179 seizures 

(34%) 

 
Staff detected 

n=48/526  
of all seizures 

(9%) 
 

and 48/179  
of all clinical seizures 

(27%) 
 

 
Staff overdiagnosed 

Suspected but not  
EEG confirmed 

n= 129/177 
(73%) 

Murray et al;  
Arch Dis Child, FFN 
2007 



Distribution of seizure duration among 851 seizures 
studied. 60% lasted <90 seconds 

Shellhaas R.A. et al, Pediatrics 2007  

125 
conventional 
EEGs from 

121 neonates. 
 

PMA ranged 
from 34 to 50 

weeks. 

78% (664/ 851) of the individual seizures 
were visible in the C3-C4 channel !! 



How should we monitor 
How should we monitor; aEEG 
 

•  Can be started in the level II unit 
•  Can be used during transportation (lifelines) 
•  Can be used for many days without need for 

maintenance when needles are used 
•  Many infants can be monitored simultaneously 



How to monitor: cEEG 

•  More reliable to diagnose seizures 
•  Simultaneous video recording 

•  Mainly available in level III NICUs 
•  Few machines available to use simultaneously 
•  Not many units have access to 24 hr review 



How do we treat neonatal seizures 

•  Which drugs do we use (questionnaires) 
•  Do we treat clinical as well as subclinical seizures 
•  Differences per site 
•  Differences between Europe and USA 
•  Lack of RCTs 

Boylan G et al, Arch Dis Child 2002 



Which drugs do we use to treat  
neonatal seizures? 



Pediatr Neurol 2008 

Seventy-three percent (40/55) recommended treatment of 
neonatal seizures with one or both of levetiracetam and 
topiramate; 47% (26/55) recommended levetiracetam;  

and 55% (30/55) recommended topiramate. 



Neonatal seizures: multicenter variability in 
current treatment practices.  

Bartha AI et al. Pediatr Neurol 2007 

Second drug given to 46% in site 2-5 



Neonatal seizures: multicenter variability in 
current treatment practices.  

Bartha AI et al. Pediatr Neurol 2007 

ASM discharge     77%        82%         57%         92%           76%        75% 



How good are we in treating neonatal 
seizures? 



Comparison between phenobarbital and phenytoin; 
Painter et al; NEJM 1999 
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randomly assigned
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Enrolled (n=59)



•  Randomised study for phenobarbital or phenytoin. 
When lack of seizure control, the second drug was 
added. 

•  43% seizure control for phenobarbital and 45% for 
phenytoin treatment 

•  combined treatment resulted in seizure control in 57% 
when phenobarb was the first drug and 62% when 
phenytoin was the first drug.  

Comparison between phenobarbital and phenytoin;  
Painter et al; NEJM 1999 



22 fullterm infants 
with electrographic 

seizures 

n = 22 
phenobarbital (40 mg/kg) 

11 responded 

n = 5 
lidocaine, second line drug 

3 responded 

n = 6  
 midazolam, second line drug 

none responded 

Second-line anticonvulsant treatment of neonatal seizures: a 
video-EEG monitoring study;  

Boylan GB et al Neurology. 2004;62:486-8  
 



Should we treat Clinical  
and  

Subclinical Seizures? 
 

Van Rooij LGM et al. Pediatrics 2010. 
 



63 infants included in 
study 

42 infants randomised 

Group A 
N=19 

Group B 
N=14 

21 infants had no subclinical 
seizures 

9 infants excluded because of 
missing data 

N=13 
survived 

N=6 died in 
neonatal period 

N=7 
survived 

N=7 died in 
neonatal period 

Results 
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Results: MRI 

all infants Group B Group A 

P < 0.001 P = 0.001 P = 0.292 

Linear regression between seizure duration and MRI score 



Treating EEG Seizures in HIE:  
A Randomized Controlled Trial  

Srinivasakumar P et al; Pediatrics 2015,  



Treating EEG Seizures in HIE:  
A Randomized Controlled Trial  

Srinivasakumar P et al; Pediatrics 2015,  



Treating EEG Seizures in HIE:  
A Randomized Controlled Trial  

Srinivasakumar P et al; Pediatrics 2015,  

Conclusion: Treatment of electrographic seizures results in significant 
reduction in SB. SB is associated with more severe brain injury and 

significantly lower performance scores across all domains on BSID III. 



Electrographic seizures are associated with brain injury in 
newborns undergoing therapeutic hypothermia.  
Shah DK et al, Arch Dis Child Fetal Neon Ed 2014 



Neonatal seizures 

 
 
 
 
•  Lidocaine is a sodium channel blocker 
•  No evidence based guidelines for treatment 
•  Lidocaine effective (60-90%) 

1) Vento M et al. Acta Paediatr 2010 
2) Glass H et al. Pediatr Neurol 2012 
 
Boylan et al. Neurology 2004, Hellström-Westas et al. Acta Pediatr Scan 1988, Hellström-Westas et al. 
Acta Pediatr 1992, Lundqvist et al. Acta Pediatr 2013, Malingre  et al. Eur J Pediatr 2006, Radvanyi-
Bouvet et al. 1990, Rey et al. Ther Drug Monit 1990, Shany et al. J Child Neurol 2007, van den Broek et 
al. ADC FN 2013 

1st AED 2nd AED 3rd AED 
Europe (1) 
(n=13 centres) 

Phenobarbitone Midazolam Lidocaine 

International (2) 
(n=193 neurologist/
neonatologists, mainly US) 

Phenobarbitone Phenytoin Levetiracetam Lidocaine 
1-6% 



Lidocaine response rate in aEEG-confirmed neonatal 
seizures: Retrospective study of 413 term and preterm 

infants. Weeke et al, Epilepsia 2016 

  
•  Seizure response to lidocaine was seen in ~70%.  

This was influenced by GA, underlying etiology, and timing of administration 
•  Lidocaine had a significantly higher response rate than midazolam as 

second-line AED, with a trend for a higher response rate as third-line AED 



 
 

Survey among193 international neurologists, 
neonatologists, and specialists in neonatal 

neurology or neonatal neurocritical care to assess 
management practices for seizures in preterm and 

term neonates  

Neonatal Seizures: Treatment Practices Among 
Term and Preterm Infants.  

Glass H et al, Pediatr Neurol 2012  
 



How long do we use anti-epileptic 
medication for ? 

 
 



How long do we use ASM for? 

•  Only during acute seizures 
•  Also following discharge home 
•  Which factors do we take into account? 

- ongoing seizure activity 
- neuro-imaging abnormalities 
- neuro-examination at discharge 



ASM No ASM P value 
Abn EEG 89 % 68 % 0.001 
Brain imaging 72 % 39% 0.0001 
2nd AED 37 % 26 % 0.03 

Neonatal seizures: multicenter variability in 
current treatment practices.  

Bartha AI et al. Pediatr Neurol 2007 

Factors significantly associated with 
administration of ASM (overall 75%) 



Treatment duration after acute symptomatic 
seizures in neonates: a multicenter cohort study. 

Shellhaas RA et al, J Ped 2017 



Treatment duration after acute symptomatic 
seizures in neonates: a multicenter cohort study. 

Shellhaas RA et al, J Ped 2017 



Neonates with 
FU n=59  

Electrographic 
seizures  n=21 

ASM 
n=15 

PNE 
n=3 (14%) 

Clinical 
seizures  n=14 

ASM 
n=2 

PNE 
n=1 

Early discontinuation of ASM in neonates with HIE. 
Fitzgerald MP. Epilepsia 2017 

ASM continued: 
- LOS: 27 versus 18d, 
 p=0.02 
- ES: 88% versus 33%,  
p<0.01 
- abn brain MRI 61% versus 
19%, p=0.03 
 
PNE 11% including clinical sz 



Early discontinuation of ASM in neonates with HIE. 
Fitzgerald MP. Epilepsia 2017 
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Early discontinuation of ASM in neonates with HIE. 
Fitzgerald MP. Epilepsia 2017 



Prediction of future epilepsy in neonates with HIE 
who received selective head cooling.  
McDonough TL et al. J Child Neurol 2017 

n= 80 with selective head cooling 
n= 67 were 2 yrs, but only 50 had FU 

Nine (18%) developed PNE  



Early anatomic injury patterns predict epilepsy in 
head cooled neonates with HIE.  
Jung DA et al Pediatr Neurol 2015 

n=73, mean follow-up 41 m 
18% developed PNE including 8 with infantile spasms 

Risk of PNE was associated with BGT injury with/without 
brainstem involvement (12/39 versus 1/34, p<0.003) 

 



Seizures and Antiseizure Medications are 
Important to Parents of Newborns With Seizures. 

Hill E et al Pediatr Neurol 2017  
 

126 eligible respondents. Likert scale used. 
- neonatal seizures had a major effect on their families  
  (median 10 of 10; interquartile range 3; n 1⁄4 85).  
- anti-seizure medications had a significant impact on their 
  families (median 7 of 10; interquartile range 5.5; n 1⁄4 75).  
 



YES !! 
we do need guidelines  



WHO guidelines 2011 



Conclusions  

•  Over the recent decade more attention has been paid 
to brain monitoring, especially 
- continuous aEEG 
- cEEG with video 

•  Subclinical seizures are better recognized and more 
often treated 

•  Treatment strategies vary and new guidelines 
are needed 


