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Abstract

Purpose—To describe chronological electrographic features of the interictal EEG background 

observed in two patients with MMPEI from neonatal to early infantile period.

Methods—EEGs of two patients who fulfilled diagnostic criteria for MMPEI were acquired over 

the period of 6 months to monitor treatment efficacy and characterize seizures and other 

paroxysmal events.

Results—Both patients followed a similar sequential pattern. A distinctive evolution from a 

dysmature term neonatal EEG pattern to an asynchronous suppression burst pattern was observed 

prior to the interictal background becoming continuous.
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Conclusions—Physicians providing care to infants with intractable epilepsy and burst 

suppression EEG pattern should be alert to the possibility of MMPEI. An earlier diagnosis of 

MMPEI would help guide diagnostic workup including genetic testing.
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Introduction

Malignant migrating partial epilepsy in infancy (MMPEI) is a rare early infantile epileptic 

encephalopathy associated with intractable epilepsy and poor neurodevelopmental outcome 

(Coppola et al, 1995). The diagnosis of MMPEI is based on ictal electroencephalographic 

characteristics of the EEG showing the discharges randomly involving multiple independent 

cerebral sites, moving from one cortical area to another in consecutive seizures (Coppola et 

al, 1995).

A number of genetic causes of MMPEI have been identified, including mutations in KCNT1 

(Barcia et al, 2012), PLCB1 (Poduri et al, 2012), SCN1A (Freilich et al, 2011), SLC25A22 

(Poduri et al, 2013), and TBC1D24 (Milh et al, 2013). Most patients with MMPEI have 

intractable epilepsy and significant neurodevelopmental outcomes (Coppola, 2013). There is 

limited literature describing interictal EEG characteristics in these patients preceding the 

ictal electrographic trademark of MMPEI (Coppola et al, 1995 and 2009). We present 

chronological observations of the interictal and ictal EEG findings of two patients fulfilling 

diagnostic criteria for MMPEI.

Methods

Subjects were recruited as part of the Genetic Studies of Developmental Brain Disorders 

protocol approved by the Research Subjects Review Board of the University of Rochester 

Medical Center. Informed consent was obtained in all cases. Retrospective clinical histories, 

primary EEG studies, and brain MRIs were reviewed.

The interictal and ictal EEG recordings were performed in a Level 4 Epilepsy Center in 

accordance to the Minimum Technical Standards for Pediatric Electroencephalography 

(ACNS, 2006) using an XLTEK vEEG telemetry monitoring system with 21 channels of 

electrodes placed in accordance with the international 10–20 system of electrode placement. 

Supplementary ECG and respiratory channels were also used as part of the monitoring 

including. The tracings were reviewed by JB and OS. There was no disagreement in the 

interpretation.

Case Reports

Subject DB13-002 was a male born full-term via spontaneous vaginal delivery. He initially 

had movements concerning for seizures on the second day of life, but was not confirmed to 

have seizures until 9 days of life. Subject DB12-014 was a female born full-term via repeat 
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cesarean section with no pregnancy or delivery complications. She initially had seizures at 

six days of life. Extensive work up for inborn errors of metabolism was unrevealing. MRI of 

the brain at 10 days for DB13-002 and 17 days for DB12-014 were normal.

Each child was treated with vitamin B6 without improvement. Both patients were treated 

with multiple antiepileptic medications in various combinations as well as the ketogenic diet 

without significant improvement in seizure control. Sequential EEGs were utilized to 

monitor treatment efficacy allowing surveillance of the chronological 

electroencephalographic progression from birth to 6 months of age. Subject DB13-002 was 

identified by research whole exome sequencing to have a de novo c.1420C>T, p.Arg474Cys 

mutation in KCNT1. Subject DB12-014 was found by clinical gene sequencing to have a de 

novo c.4718T>C, p.Leu1573Pro mutation in SCN2A.

Subject DB13-002 died at the age of 18 months after complications from recurrent 

respiratory illnesses. Subject DB12-014 at last follow-up at 16 months had medically 

refractory epilepsy, and has global developmental delay.

EEG findings

Each child had the first EEG at 39 weeks of conceptional age (CA). Subsequent EEGs were 

repeated at 1 to 7 week intervals. Few conspicuous electrographic similarities of the 

interictal background were observed. At no point was the EEG considered normal in either 

subject. The first EEG tracing at 39 weeks CA was characterized by the excessive degree of 

interhemispheric asynchrony with interburst intervals varying between 2 and 5 seconds. 

Moreover, there was excessive suppression of interburst background activity, particularly 

during sleep (Fig. 1). The first electro-clinical seizure was recorded at the age of 39 weeks 

CA in DB13-002 and 40 weeks CA in DB12-014. In each patient the seizures had 

polymorphic electrographic patterns and were multifocal in onset.

Subsequently, a distinguishing pattern of persistent and invariable asynchronous suppression 

burst ensued first at the age of 46 days in DB13-002 (there was longer periods of time 

between first and second EEG for this case), and 13 days in DB12-014. This pattern became 

distinguishing and the dominant feature of the interictal electrographic tracing. The bursts of 

cerebral activity contained morphologically variable high voltage (ranging from 50 to over 

100 microvolts) spikes, spike-wave complexes, and polyspikes. The bursts lasted between 

5-10 seconds in each hemisphere and alternated with irregular 2-10 second periods of 

background suppression with background being lower than 25, and frequently below 10 

microvolts. Although these bursts were similar in morphology and amplitude in each 

hemisphere, they occurred independently creating notable checkerboard appearance. This 

pattern was invariable and persisted during clinical waking and sleeping states (Fig. 2). 

There was no normal sleep architecture during clinical sleep. At this chronological stage the 

patients continued having frequent electrographically polymorphic and multifocal seizures.

The asynchronous burst suppression pattern was subsequently replaced by a continuous 

background with intermixed multifocal epileptiform potentials. The continuous EEG 

background was first noted at 107 and 67 postnatal days in DB13-002 and DB12-014 

respectively (Fig. 3). As the background becomes continuous the ictal patterns were 
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relatively monomorphic and migrating resembling those reported in patients with MMPEI 

(Coppola et al, 1995), first observed at 107 postnatal days in DB13-002 and 102 postnatal 

days in DB12-014 (Fig. 4).

Discussion

The diagnostic criteria for MMPEI are based on the characteristic ictal electrographic 

patterns in neonates with the onset of seizures in the first 6 months of life with progressive 

deterioration of psychomotor development (Coppola, 2013). The focus of our report are the 

sequential interictal EEG features observed over a period of time in two patients fulfilling 

diagnostic criteria for MMPEI with seizures first manifesting in the neonatal period. We 

found consistent abnormalities in the interictal background continuity and interhemispheric 

synchrony. In addition, a transient suppression burst pattern was noted in both of our 

subjects with MMPEI. These observations broaden the described EEG findings in MMPEI 

patients.

The evolution from discontinuous to continuous cerebral pattern is a normal expected 

physiologic process observed in preterm infants without neurological abnormalities 

(Vecchierini et al, 2007). The EEG of the full term newborn is expected to be continuous 

during waking and active sleep with trace alternant present only during quiet sleep. (Clancy 

et al, 2002). In our patients the degree of asynchrony and discontinuity at 39 weeks of CA 

was excessive, suggesting cortical neuronal dysfunction. Continuity was achieved only 

months later in both subjects, past the neonatal period.

Interhemispheric synchrony is likewise age-dependent and defined as a temporal delay no 

longer than 1.5 to 2 seconds between the bursts of identical waveforms between 

hemispheres (Andre et al, 2010.) The degree of synchrony should approach 100% in normal 

term neonates (Tsuchida et al, 2012). Interhemispheric asynchrony has been previously 

described in patients with corpus callosum dysgenesis (Shany, 2011). In addition, it is 

postulated that thalamic afferent input on cortical generators and rapid dendritic spine 

development and synaptogenesis are responsible for the interhemispheric synchrony that is 

expected to ensue close to full-term gestational age (Silvestri-Hobson, 2012). Striking 

interhemispheric asynchrony in our patients, particularly in the setting of normal corpus 

callosum morphology, raises the possibility of abnormalities in thalamocortical circuitry or 

aberrant synaptogenesis.

The next striking chronological feature of the interictal background included suppression 

burst (SB) pattern with alternating periods of relative of background inactivity between 

hemispheres. The SB pattern is described in the states of hypoxia, drug-related intoxication, 

hypothermia, and anesthesia (Amzica, 2009). The SB EEG patterns in neonates without 

these cofactors have traditionally been associated with either Ohtahara or early myoclonic 

epilepsy (EME) syndromes (Ohtahara, 2003). Both syndromes are included under the 

common designation of early infantile (neonatal) epileptic syndromes or encephalopathies 

with suppression-burst (EIEE) (Ohtahara, 2003). The key electrographic difference between 

these syndromes is persistent periodic appearing suppression-burst pattern appearing 

continuously in both waking and sleeping states in OS (Panayiotopoulos, 2010) versus 
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presence of SB primarily in sleeping states in EME (Ohtahara, 2003 and 2006). The SB 

pattern in OS is typically bilaterally synchronous between hemispheres (Panayiotopoulos, 

2010) but may show some asymmetry (presumably due to underlying structural lesion) 

(Ohtahara, 2003). In EME, SB often shows some asynchrony and irregular burst-to-burst 

intervals (Ohtahara, 2003). The SB EEG pattern in our patients was a transient phenomenon. 

Characteristically, SB pattern was noted in both waking and sleeping states and was 

associated with marked degree of interhemispheric asynchrony, sharing characteristics of 

both OS and EME syndromes, constituting a continuum of epileptic encephalopathies with 

suppression burst patterns.

The physiological basis of the SB state has been attributed to various mechanisms resulting 

in transient cortical neuronal inactivity, including those induced by deep level of anesthesia 

(Ching et al, 2011). These mechanisms mainly explain SB pattern that is synchronous 

between the two hemispheres. The strikingly disjointed inter-hemispheric SB pattern noted 

in our patients, particularly in the absence of callosal defects, remains difficult to explain.

Despite the EEG becoming continuous the multifocal spikes persisted and were considered 

abnormal as neonatal sharp transients were expected to disappear past 46 weeks of 

conceptional age (Fisch, 1999).

Electro-clinical seizures were noted in both subjects in the neonatal period. Initially the 

seizures were polymorphous and multifocal remaining confined to a single hemisphere 

without a characteristic migrating phenomenon. The migrating nature of the seizures in our 

subjects became apparent only when the background became continuous. Further description 

of the ictal patterns is beyond the focus of this report.

Several genetic etiologies of MMPEI and other developmental epilepsies have recently been 

identified. De novo gain-of-function mutations affecting the C-terminal domain of the 

KCNT1 potassium channel have been reported in patients with MMPEI (Barcia et al, 2012). 

KCNT1 is a calcium-activated potassium channel that regulates the rate of bursting and 

enhances the accuracy with which action potentials lock to incoming stimuli (Barcia et al, 

2012). One of our patients, DB13-002, was found to have a KCNT1 mutation. DB12-014 

was found to have a mutation in SCN2A, which is a known sodium channel gene implicated 

in infant onset epilepsy (Baasch et al, 2014; Matalon et al, 2014; Hackenburg et al, 2014), 

including infantile spasms (Sundaram et al, 2013) and Ohtahara syndrome (Nakamura et al, 

2013).

The interictal EEGs of these patients underwent rapid sequential metamorphosis from 

abnormal neonatal pattern to a transient alternating burst suppression state prior to becoming 

continuous. This transient developmental phenomenon was recognized solely due to 

frequent electrographic assessments which allowed us to observe conspicuous patterns of 

early interictal electrographic evolution not previously reported in MMPEI. Replication of 

these findings will be essential in establishing a characteristic electrographic developmental 

signature for MMPEI to improve recognition of this rare disorder. This in turn could provide 

further insight into the developmental process of cerebral malfunction in patients with 

MMPEI.
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Although these EEG patterns cannot be rendered specific for MMPEI, the physicians 

providing care to the infants with medically intractable epilepsy and asynchronous burst 

suppression EEG pattern need to be alert to the possibility of MMPEI and consider 

expansion of available genetic testing to include known mutations associated with this 

disease. This report is a contribution to greater awareness of the chronological changes in 

the interictal EEG of patients with manifestations of MMPEI in the neonatal period which 

may facilitate an early diagnosis of this rare condition.
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Figure 1. 
Similar interictal patterns of the first recording at 39 weeks of CA. The background is 

discontinuous and asynchronous between hemispheres in DB13-002 (A; waking state) and 

DB12-014 (B; sleeping state).
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Figure 2. 
The EEG background is characterized by the asynchronous and discontinuous suppression 

pattern in DB13-002 (A) and DB12-014 (B). The state is indeterminate sleep.
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Figure 3. 
The background is continuous and contains multifocal epileptiform discharges. The periods 

of suppression are no longer evident. DB13-002 (A) chronological age is 107 days. 

DB12-014 (B) chronological age is 67 days.
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Figure 4. 
Example of a seizure in DB12-014. Left hemispheric seizure migrates to the right 

hemisphere.
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