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Seizures present both diagnostic and therapeutic challenges in neonates admitted to 

neonatal intensive care unts (NICU) worldwide. Neonatal encephalopathy, following a 

hypoxic-ischaemic insult around the time of birth (hypoxic-ischaemic encephalopathy or HIE), 

is the most common cause of seizures in term neonates and as a result, most information is 

available about seizure characteristics in this group.1 2 Many neonatal seizures are 

electrographic-only but seizures in moderate to severe HIE exhibit the highest rates of 

electroclinical uncoupling and thus continuous EEG (electroencephalography) monitoring is 

essential to detect and treat seizures effectively. There is now evidence that higher 

electrographic seizure burdens are associated with poor outcomes. 3-5  

Evidence is also emerging showing that earlier treatment is associated with better seizure 

control and reduced overall seizures burden.6-8 However, earlier treatment is only possible if 

continuous EEG monitoring is available to identify the exact onset of seizures.6 9-11 

Unfortunately, multicentre studies have clearly shown that there can be long gaps between 

the onset of seizures and the administration of first treatment and the reasons for this are 

multifactorial.1 Even though the use of EEG monitoring in NICUs has increased considerably 

over the last 10 years, the availability of experts to interpret the EEG 24 hours a day, seven 

days a week is low and as a result, many seizures, particularly those that are electrographic-

only are missed and may not be treated for hours after onset, if at all. Amplitude integrated 

EEG (aEEG) is more widely available for clinical management, but 20-40% of seizures will be 

missed in addition to a significant risk of false positive detections. 12 It is not recommended 

for clinical trials of neonatal seizure treatment 13  

What do we know about seizures in HIE? 

In HIE, electrographic-only seizures predominate, making diagnosis challenging.14 15 Following 

the primary hypoxic ischaemic insult, the EEG becomes isoelectric and the time needed for 

the EEG to recover depends on the severity of the primary injury. What is clear from clinical 

studies, is that seizures in HIE do not happen in the immediate post injury period i.e., the 

latent phase.  Neonates can exhibit abnormal movements such as automatisms, irregular 

myoclonic jerking, spasm like movements, back arching and hyperexcitability in the 

immediate post injury period i.e., during the latent phase but these movements are not 

considered to be seizures as they are not associated with EEG changes and can be triggered 

by external stimulation. Similar movements have been described in preclinical studies.16  



Electrographic seizures emerge during the secondary injury phase (Figure 1) which starts 

around 6 hours after injury.17 Studies using continuous EEG monitoring have shown that the 

median time to seizure onset after birth is approximately 13 hours in moderate HIE and 15 

hours in severe HIE. Of course there is variability as seizure onset depends on the time of the 

primary injury.18 Seizures in HIE have a typical evolution with a peak in seizure burden within 

the first 30 hours. This peak is reached relatively quickly in moderate HIE, at a median time of 

15 hours after birth but a slower evolution is seen in severe HIE with a median peak around 

27 hours.19 20  

 

How do seizures respond to treatment? 

For over 50 years. phenobarbital has been  the most common first line treatment for neonatal 

seizures worldwide, despite the development of multiple new anti-seizure treatments for  

paediatric and adult populations.2 Systematic reviews indicated that around 50% of neonatal 

seizures respond to phenobarbital.21 Recent evidence suggests that phenobarbital may work 

better than previously thought if given promptly after seizure onset.7 22 This was especially 

evident in the multi-centre, randomised, blinded, controlled NEOLEV2 trial which used 

remote EEG monitoring to help identify and treat seizures promptly. In this study the efficacy 

and safety of levetiracetam was compared with phenobarbital as a first-line treatment of 

seizures in term and near-term infants. Primary outcome (seizure freedom at 24 hr) was met 

in 80% of the phenobarbital group (n=24/30) compared to 28% (n=15/53) of the 

levetiracetam group.23 Nevertheless, there is still a need for new drugs to treat neonatal 

seizures that do not respond to phenobarbital. In addition, there are concerns about the acute 

and long-term effects of phenobarbital.  Acute adverse effects are dose dependant and 

include lethargy, feeding difficulties, respiratory insufficiency leading to  ventilator 

dependency, and the need for cardiovascular support, while there are some indications that 

phenobarbital may have an impact on later neurodevelopmental outcome due to excess 

apoptosis.24 However, studies on long term effects were done in healthy animals and it is 

unclear if this effect is seen in infants and if it outweighs the effect of seizure burden  

reduction in the neonatal period.  



The views expressed by the researchers in recent commentaries25 26  and published in this 

issue are very important. These investigators are striving to develop better treatments for 

neonatal seizures and for these efforts they must be congratulated. As in all preclinical 

research, it is difficult to replicate the exact clinical scenario, and this is especially the case for 

the neonate in the intensive care unit. Therefore, it is not surprising that there are contrasting 

results and opinions expressed in the results of the studies described by these researchers.  

Neonates with seizures, particularly those due to HIE, have a seizure onset within 24 hours of 

birth. Hypoxic ischaemic brain injury, when it happens, is an unexpected event and requires 

emergency intervention from both obstetric and neonatal teams. The subsequent  hours after 

birth are critical. Interventions usually start in the delivery room where every minute counts 

and where the neonatal team resuscitates (giving cardiorespiratory support) and stabilises 

the newborn for transfer to the neonatal unit for further management. Unfortunately, 

complications at delivery can happen in any setting and infants with HIE born outside of a 

cooling centre will also require urgent transfer (by ambulance or air transport) to a tertiary 

unit for intensive care management and therapeutic hypothermia. Moderate and severe 

hypoxic ischaemic injury usually manifests as multiorgan dysfunction, and infants might need 

respiratory support (i.e. mechanical ventilation), cardiovascular support, management of 

electrolyte and acid-base imbalances , correction of coagulation disturbances (transfusions) 

sedation and pain management. All infants with encephalopathy secondary to a hypoxic 

ischaemic event are closely monitored with serial neurological examinations and continuous 

monitoring of all vital signs (respiration, cardiovascular, temperature), as well as with 

neuromonitoring (aEEG/cEEG, NIRS), and neuroimaging (serial cranial ultrasounds, brain MRI) 

as available. Within a very short window (6 hours from birth), before the onset of secondary 

energy failure (figure 1), the clinical team has to decide if therapeutic hypothermia is 

indicated. In level III and IV neonatal units, the aEEG/EEG monitoring takes place early, often 

within 6 hours of age, but in other settings it may not be possible until the second day, and 

consequently, seizure onset may be missed. However, even when seizures are diagnosed 

quickly, delay in treatment may still happen because of the time required for anti-seizure 

medication to be prescribed, prepared and slowly administered. This can take up to 1-2 hours 

in a busy clinical setting.7 22 All of this may be happening in the middle of the night when staff 

resources are at a minimum. It is perhaps not surprising that sometimes, it can take many 



hours from seizure onset to seizure treatment. As in all critical care situations, it is not always 

possible to plan for all scenarios. Consequently, timelines in the real-life clinical setting are 

very different to the carefully prepared and orchestrated preclinical situation, which may go 

some way in helping to explain the conflicting results presented by the research teams 

working in this field. 

 

What are the differences between human and animal studies? 

Drug adverse effects are different in humans compared to animals and different in neonates 

compared to older children. In the NICU, neonates may be on multiple other drugs which is 

not the situation in controlled animal studies. This difficulty in translating preclinical findings 

to the clinic was evident in studies that have used bumetanide to treat neonatal seizures. The 

multicentre NEMO trial was terminated prematurely because of possible additive effects of 

bumetanide and aminoglycosides on the inner ear of neonates,  which is already 

compromised due to hypoxia.27 In the Boston study, this effect was not reported but may 

have been due to the fact that a single dose of bumetanide was used.28 Clinical trials of drugs 

in neonates are extremely challenging and  due to medical, regulatory and ethical reasons, 

there can be  no  tolerance for any side effects that may be associated with a trial drug.  As a 

result, studies that are very feasible in a preclinical setting are simply impossible in the clinical 

situation.  

The timing of drug administration is also very important and differs in clinical studies 

compared to controlled animal studies. Most invitro studies examined if an intervention 

would block the generation and propagation of induced seizures29 30, which is the equivalent to 

a prophylactic study.  In the preclinical in-vivo studies in question, the antiseizure drugs were 

given at different time points and often prophylactically: for example in Johne et al 202116 the 

drug  intervention was given before intermittent asphyxia; in Johne et al 202131 the drug 

intervention was given before and   after asphyxia (but before onset of seizures). In only very 

few studies the intervention was initiated after seizure onset, but even then, this was 

immediately after the onset.32 Neither prophylactic treatment nor such precise timing of drug 

intervention is possible in humans. Only around half of all neonates with HIE develop seizures 

and it is unclear which neonates are most at risk.  Neonatal seizure prediction models using 



early background EEG analysis and clinical information are advancing rapidly to try and help 

address this question and the addition of machine learning may further help this effort. 33-35 

In one study by Hall et al in 1998,36 Phenobarbital, was administered in a dose of 40 mg/kg 

intravenously soon after birth in  term, severely asphyxiated newborn infants and appeared 

to be safe. It was associated with a 27% reduction in the incidence of seizures and a significant 

improvement in neurologic outcome at 3 years of age. However, this study needs to be 

interpreted with caution as EEG was not used to assess seizure burden and seizures were 

identified using clinical assessment alone, which we now know to be very inaccurate. Today, 

in NICUs all over the world, seizure treatment is only started when there is a strong clinical 

suspicion of seizures and/or there is confirmatory EEG evidence. In the preclinical studies 

included in this discussion, antiseizure drugs were given at different times (see figure 1) which 

is not the case in the NICU and this point may need to be examined in future preclinical 

models.  

Most seizures in neonates are acute provoked seizures; the primary cause is hypoxia 

ischaemia, which can be acute due to a sentinel event (e.g., cord prolapse, placental 

abruption, profound fetal bradycardia) or chronic due to prolonged or intermittent hypoxia 

ischaemia. This needs to be considered in preclinical study designs, as animal models using  

hypoxia-only to provoke seizures may not truly represent the nature of the seizure provoking 

injury seen in neonates in the NICU.  

Despite all of these challenges, there is an urgent need to develop animal models that truly 

mimic the clinical scenario for neonates in the NICU. The only way to really advance this field 

is for greater collaboration between both preclinical and clinical teams.  The teams that have 

published commentaries in this issue are leading the way to advance research in neonatal 

seizure treatments and they have made huge strides so far.  This is happening in parallel with 

huge advances in neonatal neurocritical care in recent years and in monitoring of seizures. 

Maybe now is the right time to check in with clinical researchers in the field and work 

collaboratively to develop truly translational models that will benefit infants worldwide.  
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Figure 1 

 



Figure legend 

Figure 1: Graphic representation of the pathomechanism of hypoxic ischemic encephalopathy in 

newborns in relationship to timing of interventions in preclinical and clinical setting. 17 37 Acute cell 

death starts with the initial insult but damage is maximal in the secondary phase, persisting  into the 

tertiary phase. The EEG becomes suppressed following the primary injury and gradually recovers, 

first with discontinuous activity. Seizures may emerge in the secondary phase. At the bottom of the 

graph, timing of interventions in preclinical studies are compared with the timing of clinical trials in 

the NICU or in a real world setting where the start of interventions often varies by hours or even 

days. Many preclinical studies are in fact prophylactic interventions while in humans there is no 

evidence that prophylactic treatment is beneficial and consequently is not part of clinical practice.  

hr: hours, PT: prophylactic therapeutics, HT therapeutic hypothermia, ASD antiseizure drugs  

 

 


