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  Chapter 1. Effect of treatment of subclinical neonatal seizures detected with amplitude-integrated electroencephalography: randomized, controlled trial*
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  Summary: Seizures are common in full-term infants with hypoxic-ischaemic encephalopathy (HIE). A substantial portion of neonatal seizures are subclinical. There is concern about possible adverse effects of neonatal seizures on the immature brain. The objectives of this study were to investigate how many subclinical seizures in full-term neonates with HIE would be missed without continuous amplitude-integrated electroencephalography (aEEG) and whether immediate treatment of both clinical and subclinical seizures would result in a reduction in the total duration of seizures and a decrease in brain injury, as seen on MRI scans. In this multicentre, randomized, controlled trial, term infants with moderate to severe HIE and subclinical seizures were assigned randomly to either treatment of both clinical seizures and subclinical seizure patterns (group A) or blinding of the aEEG registration and treatment of clinical seizures only (group B). All recordings were reviewed with respect to the duration of seizure patterns and the use of antiepileptic drugs (AEDs). MRI scans were scored for the severity of brain injury. Nineteen infants in group A and 14 infants in group B were available for comparison. Results showed that the median duration of seizure patterns in group A was 196 minutes, compared with 503 minutes in group B (not statistically significant). No significant differences in the number of AEDs were seen. Five infants in group B received AEDs when no seizure discharges were seen on aEEG traces. Six of 19 infants in group A and 7 of 14 infants in group B died during the neonatal period. A significant correlation between the duration of seizure patterns and the severity of brain injury in the blinded group, as well as in the whole group, was found. It was concluded that in this small group of infants with neonatal HIE and seizures, there was a trend for a reduction in seizure duration when clinical and subclinical seizures were treated. The severity of brain injury seen on MRI scans was associated with a longer duration of seizure patterns.


  * This trial has been registered at the International Standard Randomized Controlled Trial Number Registry (identifier ISRCTN61541169) and is reprinted with permission from Pediatrics, Vol. 125, pp. 358­366. Copyright © 2010 by the AAP. This article was originally published online Jan 25, 2010 and can be found at <http://www.pediatrics.org/cgi/content/full/125/2/e358>
 DOI: 10.1542/peds.2009-0136


  


  Introduction


  Neonatal seizures are common in full-term infants with hypoxic-ischaemic encephalopathy (HIE) and pose a high risk for death or neurologic disability (McBride et al., 2000; Miller et al., 2002; Scher et al., 1989; Volpe, 2001). Clinical recognition of neonatal seizures may be difficult, because manifestations may be subtle (Volpe, 2001). Conventional electroencephalography (cEEG) is the standard method to confirm neonatal seizures. Unfortunately, this tool has its limitations; in most units, equipment, technicians, and experienced clinical neurophysiologists are not available 24 hours per day. In the past decade, amplitude-integrated electroencephalography (aEEG) has become a bedside tool that is now used routinely in many NICUs. Prolonged monitoring with aEEG as well as continuous video electroencephalography (EEG) has shown that a substantial proportion of neonatal seizures are subclinical, especially after administration of antiepileptic drugs (AEDs) (Boylan et al., 2002; Clancy et al., 1988; Lawrence et al., 2009; Mizrahi & Kellaway, 1987; Scher et al., 2003). Because clinical recognition of neonatal seizures is difficult, the presence of clinical seizures may be overestimated, resulting in unnecessary use of AEDs. Conversely, subclinical neonatal seizures may not be recognized without continuous monitoring, resulting in inadequate treatment (Lawrence et al., 2009; Murray et al., 2008). Although human data are scarce, studies suggest an adverse effect of both clinical and subclinical seizures on neurodevelopmental outcomes. Neonatal seizures have been reported to predispose patients to later problems with regard to cognition, behavior, and development of postneonatal epilepsy (McBride et al., 2000; Miller et al., 2002; Levene, 2002). Although there is potential harm of seizures in the immature brain, there also is concern about possible adverse effects of anticonvulsant medications on the developing brain (Bittigau et al., 2002, 2003; Sicca et al., 2000). Previous studies showed that infants treated for clinical and subclinical seizures had a lower incidence of postneonatal epilepsy, compared with those treated only for clinical seizures (Brunquell et al., 2002; Clancy & Legido, 1991; Hellström-Westas et al., 1995; Toet et al., 2005). This was one of the reasons we performed this randomized, controlled trial to investigate whether immediate treatment of both clinical and subclinical seizures detected with continuous aEEG resulted in reduction of the total duration of seizures and less-severe brain injury seen on MRI scans.


  Methods


  ■ Study design


  We conducted a randomized, prospective, multicentre trial (Subclinical Seizure Question [Suseque] Study). Eleven perinatal centres in the Netherlands and Belgium participated between November 2003 and April 2008. All participating centres were trained in the application and interpretation of aEEG and followed a standardized study protocol. The institutional review board of every centre approved the protocol. Written informed consent was obtained from parents before randomization.


  ■ Entry criteria


  Infants were eligible for the study on the basis of gestational age of x 37 weeks, admission to 1 of the NICUs < 24 hours after birth, and diagnosis of HIE and neonatal seizures. HIE was defined on the basis of meeting x 3 of the following criteria: (1) signs of intrauterine asphyxia (i.e., late decelerations on fetal electrocardiograms or meconium-stained liquor), (2) arterial cord blood pH of < 7.10, (3) delayed onset of spontaneous respiration, (4) Apgar score of X 5 at 5 minutes, or (5) multiorgan failure (elevated liver enzyme levels, reduced diuresis, and cardiovascular problems).


  Exclusion criteria included the presence of congenital or chromosomal abnormalities, maternal use of narcotics or sedatives, treatment with phenytoin before referral, and administration of muscle-relaxing drugs. Infants who demonstrated subclinical status epilepticus at the beginning of the aEEG registration also were excluded because immediate treatment with AEDs was considered indicated.


  ■ Randomization


  For infants who met the entry criteria, aEEG was started immediately after admission. If infants demonstrated clinical seizures, then they were treated with AEDs. When infants showed their first subclinical seizure, as confirmed with aEEG, they were assigned randomly to either group A (treatment of both clinical and subclinical seizure patterns) or group B (blinding of the aEEG registration and treatment of only clinical seizures). We stratified randomization according to centre with a randomized block design with a block size of 6. Randomization codes for every centre were supplied in numbered sealed envelopes.


  ■ aEEG monitoring


  aEEG was performed with an Olympic 6000 cerebral function monitor (Natus, Seattle, WA). Single-channel aEEG signals were recorded from 2 parietal needle electrodes (corresponding to P3 and P4 in the International 10­20 System). The EEG signal was filtered, rectified, and smoothed before it was printed out at slow speed (6 cm/hour). A second tracing recorded the electrode impedance continuously. The Olympic 6000 monitor gave access to the raw EEG data in the review mode and, with the latest software version, the raw EEG signal ran continuously during recording. For blinding of the screen, we used special software (Olympic Medical, Seattle, WA). During blinding, the impedance recording was visible and events such as care procedures, medications, and clinical seizures could be marked.


  ■ Treatment protocol


  Table 1 shows the treatment protocol. In the first years (November 2003 to June 2005), lidocaine was given as a second-line drug. Because of concerns about potential cardiovascular side effects and the fact that midazolam was sometimes used around the time of intubation, we changed our treatment protocol (Malingré et al., 2006), with midazolam being given as the second AED. Twenty-six infants received midazolam as a second drug.
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  ■ Grading of HIE


  HIE was classified as moderate (grade II) or severe (grade III) according to the criteria described by Sarnat & Sarnat (1976). Evaluation of HIE took place 24 and 48 hours after birth.


  ■ aEEG analysis


  Seizure patterns (characteristic pattern, with a sudden increase of both minimal and maximal amplitudes of the recorded signal and a decrease in amplitude in the postictal period) were classified (Hellström-Westas & Rosen, 2006) as a single seizure pattern, repetitive seizures (x 3 seizure patterns during a 30-minute period), or status epilepticus (continuous seizure pattern for x 30 minutes, presenting as a `sawtooth pattern' or as continuous increases of the lower and upper margins). All aEEG recordings were analyzed off-line after the completion of enrollment. Analysis was performed independently by 2 aEEG experts (Drs de Vries and Toet), with respect to seizure patterns and background pattern. The readers had full access to all marked events, for differentiation between true ictal discharges and artifacts. When there was disagreement about seizure discharges or background patterns between the 2 raters, a third rater (Dr van Rooij) was involved and consensus was reached.


  For each infant, the total duration of seizures was calculated (in minutes) by using the raw EEG data. When status epilepticus was seen, this was taken as 1 period. Only seizure patterns that could be confirmed with the raw EEG data were selected. When AEDs were given, we assessed whether treatment was appropriate, meaning that AEDs were given within 2 hours after the onset of clinical and/or subclinical seizures and another AED was administered if no effect was seen within 1 to 2 hours. For infants in group B, who received AEDs for clinical seizures, we analyzed the aEEG findings for the presence of EEG seizure patterns at the time when clinical seizures were observed.


  ■ MRI scoring


  Depending on their clinical condition, infants underwent MRI 4 to 10 days after birth. MRI scans were reviewed retrospectively by 2 investigators (Drs Groenendaal and de Vries), who were blinded to aEEG results. The severity of brain injury was assessed by using conventional T1- and T2-weighted spin echo sequences, with diffusion-weighted imaging and apparent diffusion coefficient maps when available. Injury was scored for the basal ganglia and thalami in combination with cortical involvement, the watershed areas, and the posterior limb of the internal capsule, by using systems described previously as being predictive for neurodevelopmental outcomes after HIE22­24 (Barkovitch et al., 1998; Rutherford et al., 1998; Shah et al., 2006) ( Table 2).
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  ■ Statistical analyses


  Before the study was started, a power analysis was performed by using a power (1 ­ β) of .80 and a significance level (α) of .05. This resulted in a sample size of 65 infants in both groups.


  Statistical analysis was performed by using SPSS 12.0 for Windows (SPSS Inc, Chicago, IL). Comparisons of baseline and aEEG characteristics between groups were made with Fisher's exact test or khi;2 tests for categorical variables and with t tests for logarithmically transformed continuous variables. Univariate linear regression models were used to test differences in the duration of seizure patterns between groups and to evaluate the association between seizure duration and MRI scores. The level of significance was set at .05.


  Results


  ■ Baseline characteristics


  During the study period, a total of 138 infants met the inclusion criteria (Fig. 1 ). Neonatal baseline characteristics are summarized in Table 3 . There were no substantial differences between groups regarding clinical characteristics. One infant also had a right-sided middle cerebral artery infarction and a left-sided anterior cerebral artery infarction. None of the infants received hypothermia as treatment for HIE.
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  ■ aEEG characteristics


  aEEG characteristics are summarized in Table 4 . These characteristics were not statistically different between treatment arms.
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  ■ Duration of seizure patterns


  For the 33 infants, we calculated a total duration of seizure patterns of 19,378 minutes (10.8 per cent of total registration time). For 12 of the 33 infants, there was x 1 episode of disagreement between the 2 reviewers regarding seizure discharges, but consensus was reached in all cases.


  In both groups, there was a wide distribution of seizure discharges ( Fig. 2). The duration (median ± SD) of seizure patterns was 196 ± 340 minutes in group A, compared with 503 ± 1,084 minutes in group B (Fig. 3 ). No significant difference in duration was found between the groups by using linear regression. In both groups, a longer duration of seizure activity was noted for infants with grade III HIE compared with infants with grade II HIE, although this difference was not significant (P = .8) (Fig. 4 ).
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Fig. 1. Flow diagram of inclusion.
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‘Basal ganglia and thalamus
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Abnormal signalin thalamus

Abnormal signalin thalamus and lentiform nucleus

Abnormal signalin thalamus, lentiform nucleus and perirolandic cortex.

More-extensive involvement

‘Normal

single focal infarction

Abnormal signalin anterior or posterior watershed white mater

Abnormal signalin anterior or posterior watershed cortex and white mater

Abnormal signal in both anterior and posterior watershed zones

2
3
4
5

More-extensive cortical involvement

Posterior limb of infernal capsule.

0

Myelination present

Myelination present but impaired

2

Myelination absent
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Phenobarbitone: 20 me/kg, eventually another 10 mg/kg

>

‘Midazolam: loading dose of 0.05 mg/kg, followed by continuous infusion of 0.15 me/kg per b, o
‘maximum of 0.2 me/kg per h (when seizures have been stopped for 24 h, tapered (00,1 mg/kg
per hand stopped afler 48 h)

=

Lidocaine: loading dose of 2 mg/ke, followed by continuous infusion of 6 mg/kg per h for 6 h, then
4 mg/kg per h for 12 b, and then 2 me/ke per h for 12 h (always stopped ater 36 h)

=

Clonazepam: loading dose of 0.1 mg/kg, followed by continuous infusion of 0.1-0.5 me/kg per d

=

Pyridoxine: 50 mg/kg.

-

Further treatment on basis of clinician’s decision

“Every next siep s taken when no effect is seen within 1 o 2 hours afler adminisration of the AED or when recurrence of seizures

is noled.
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