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Introduction

Seizures are the most common clinical manifestation of central nervous
system dysfunctions in newborns, with a reported incidence of up to 130/1,
000 very low birth weight infants (birth weight lower than 1, 500 g) and 1. 5-
3. 5/1, 000 term newborns ( 1 - 3 ). The leading causes of neonatal seizures
in pre-term and term newborns are acute symptomatic etiologies, such as
perinatally acquired hypoxic-ischemic (HI), haemorrhagic and inflammatory
or infectious brain injuries, including unfavorable higher-grade
intraventricular hemorrhage in pre-terms, perinatal Hl encephalopathy (HIE),

thrombo-embolic brain injury, and perinatal stroke (1,4 -8).

Etiologically more variable and especially challenging is the group of early-
onset epileptic encephalopathies (EOEE) including neonatal-onset epileptic
encephalopathies (EE) that are mainly of structural, metabolic and genetic
etiology. Early-onset epileptic encephalopathies have been defined by the
ILAE as the presence of frequent epileptiform activity that is usually
associated with high seizure frequency, a primary pharmaco-refractory
course and global impairment of development ( 9 ). Along with the new ILAE
definition of developmental and epileptic encephalopathies ( 9 ), the current
ILAE Neonatal Task Force guidelines (2017) primarily include age-specific
etiologies and comorbidities in the recently revised classification of neonatal
epilepsies. Early-onset epileptic encephalopathies with burst suppression
represent a group of the most severe neonatal-onset EE including Ohtahara
syndrome (OS), often associated with structural brain anomalies, and early
myoclonic encephalopathy (EME), typically associated with inherited
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metabolic disorders; however, recent advances in genetics have elucidated a
wide range of pathogenic genetic variants in these age-dependent EE ( 10 ),

as well as severe neonatal-onset EE other than OS and EME ( 11 - 13 ).

Clinical studies have indicated the prognostic significance of prolonged
neonatal seizures, including non-convulsive and subclinical seizures, in pre-
term and critically ill neonates. They may increase the risk of intellectual

disability, epilepsy, and infantile cerebral palsy ( 3, 14 - 18 ). In a group of

76 pre-term newborns with neonatal seizures, Pisani et al. ( 3.) found a
significant correlation of birth weight, seizure onset, neurologic examination
and EEG with neurodevelopmental outcomes at 1 year of age in neonates
with status epilepticus compared to the pre-term newborns with seizures but
without status. All infants with status epilepticus had an unfavorable
outcome compared to only 22. 3% of those with neonatal seizures. Moreover,
comprehensive experimental studies have supported the hypothesis that
neonatal seizures exert various and long-lasting effects on brain maturation
and plasticity as well as permanent reduction of the seizure threshold.
Profound dysregulations of neuronal and glial proliferation and migration, as
well as disturbed synaptogenesis and maturation of neurotransmitter
systems such as GABAergic synaptic transmission in response to
experimental seizures, are suggested as main contributing factors to the
high sensitivity of the immature brain to seizures ( 19 - 21 ). This highlights
the need for early identification of clinical and electrographic-only seizures

as well as for reliable therapy monitoring.
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According to the American Clinical Neurophysiology Society Guideline 2011 (
22 ), EEG is highly sensitive and essential for diagnosing and monitoring
neonatal seizures and EOEE. However, age-specific semiology and variability
in the EEG maturational pattern and electro-clinical dissociation make
interpreting diagnostic and prognostic EEG parameters in very pre-term and

critically ill neonates particularly challenging ( 3, 8, 23, 24 ). Moreover,

limited data are available on electro-clinical phenotypes of rare genetic
neonatal-onset EEs, and specific EEG changes suggestive of a causative
variant have not been characterized. This article reviews the significance and
challenges of conventional and amplitude-integrated EEG (aEEG) monitoring
in neonatal-onset EE with a special focus on acute symptomatic as well as

specified rare genetic neonatal-onset EE.

Neonatal EEG

Multichannel video-EEG (VEEG) is recommended as the gold standard for
monitoring neonates with an increased risk of neonatal encephalopathy
and/or seizures, and continuation of multichannel vVEEG monitoring is
proposed for at least 24 h after the last electrographic seizure ( 22 ). For
continuous neuromonitoring in high-risk newborns ( Table 1 ), aEEG is well-
established in many neonatal intensive care units and considered a valuable

bedside monitoring tool [for a review, see Hellstrom-Westas ( 25 )],

especially for seizure detection and treatment monitoring ( 16 , 26 - 31 ).

TABLE 1
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Recommended indications for aEEG monitoring in preterm and term
newborns according to the American Clinical Neurophysiology Society's
Guideline on continuous electroencephalography monitoring in neonates

[Shellhaas et al. ( 22)].

Multichannel vEEG
Neonatal conventional EEG remains a highly sensitive neurophysiological

method for detecting electrographic seizure activity and diagnosing and
monitoring neonatal seizures of acute symptomatic etiology as well as
neonatal EE of structural, metabolic or genetic origin. In addition, the
detection of physiological paroxysmal transients defining electrographic
brain maturation from the pre-term to term developmental stage is of
prognostic value and the exclusive domain of conventional, multichannel

EEG (22, 32).

Clinical diagnosis of seizures in neonates with paroxysmal motor or
autonomic phenomena is associated with a high rate of misdiagnosis ( 33 ).
Also, electro-clinical dissociation (uncoupling) is common in neonates with
seizures and is pronounced in very pre-term and critically ill infants, in
particular in neonates receiving sedative, paralytic, or anticonvulsive drugs (

29 - 31, 34 ). Thus, as proposed by the American Clinical Neurophysiology

Society, video-EEG according to the international 10-20 system of electrode

placement, modified for neonates, is the gold standard ( 22, 32 ) to

diagnose neonatal seizures based on ictal epileptic discharges. One must be
aware of the variability of electrographic patterns and evolution of

discharges in neonates mainly determined by maturational aspects ( 2, 22,

32 ). In neonates, epileptic sharp transients typically occur unilaterally
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repetitively or in series ( 2, 32, 35, 36 ), and ictal electrographic activity is

characterized by paroxysmal, repetitive, evolving and stereotyped pattern
and duration of 10 s or more ( 8 ). Also, brief rhythmic discharges (BRDs) of
<10 s have been found in association with brain lesions and electrographic

seizures in pre-term and term neonates ( 34 , 35, 37, 38). The role of

repetitive slow sharp wave activity (0. 5-1 Hz) in extremely pre-term infants
observed in association with intraventricular hemorrhages and increased

mortality during the first postnatal days remains unclear ( 34 , 39).

Whereas, occipital onset is preponderate in very pre-term infants ( 27 ),

onset in the central and temporal (GA > 32 weeks) and frontal regions (GA >

29 weeks) is found with increasing GA ( 27 , 40 - 42 ) in patients with

seizures of different etiology. Focal sharp waves with a normal background
or ipsilateral suppression are found in neonates with perinatal stroke in the

MCA territory ( 36 ) ( Figure 1 ). These findings may be distinguished from

focal epileptic discharges in non-lesional, genetic benign familial neonatal
convulsions (BFNC) by background activity, being normal in BFNC. Ictal and
interictal epileptic discharges associated with a severely pathological
background pattern may indicate severe symptomatic or genetic EE. In term
infants with acute brain insults (e. g., HIE), burst suppression patterns differs
from burst suppression in neonates with neonatal-onset EIEE and EME. The
latter (also called suppression burst) is characterized by high-amplitude
bursts associated with diffuse epileptic discharges and fast activities, as well
as intermittent periods of suppression (<10 s) ( Figure 2A ) that are typically
shorter in EIEE/EME than in neonates with HIE and burst suppression ( 22,

32 ). In very pre-term infants with acquired acute brain injury, repetitive
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spikes, sharp waves and rhythmic sharp theta and delta transients
associated with a suppressed background activity were more predictive of
unfavorable outcomes than seizure duration ( 34 ). In general, the
background EEG pattern is proposed as a useful prognostic marker in

neonatal seizures and early-onset EE ( 13 , 43 , 44 ). However, its

significance depends on the primary etiology and disease as well as
modifying factors such as anticonvulsive, sedative and analgesic
medications. For example, transient background suppression or increased
discontinuity also have been found after bolus administration of

phenobarbital or phenytoin ( 29 - 31 ) or surfactant application ( 45).

FIGURE 1

Focal epileptic discharges (left central region) in a 12-h-old neonate with
perinatal stroke in the MCA territory. Saw-tooth pattern (arrows) of the aEEG
(C3, C4) point to repetitive electrographic seizure activity. (Calibration is

given in the figure, low-pass 30 Hz, high-pass 0. 5 Hz).

FIGURE 2

(A, B)EEG of a female term newborn with non-ketotic hyperglycinemia
presenting apathy and hyperexcitability from day 1. First clinical seizures
occurred at day 5. EEG at day 6(A)and at day 9(B)showed burst suppression
with severe suppression (<4 uV) and intermittent high-voltage burst with
diffuse spikes.(C, D)EEG and cMRI findings of a female neonate presenting

myoclonic seizures, respiratory insufficiency, muscular hypotonia,
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hypoglycemia, and elevated CSF lactate and alanine levels. Interictal(C)and
ictal EEG showed burst suppression during awake and asleep periods.
(D)Brain MRI showed agenesis of corpus callosum and polymicrogyria.
Heterozygous X-linked frameshift deletion in PDHal gene (skewed-X-
chromosome inactivation) was detected. (Calibration is given in the figure,

low-pass 30 Hz, high-pass 0. 5 Hz).

Amplitude-Integrated EEG
Amplitude-integrated EEG (aEEG) is recommended as a useful bedside

monitoring method, especially in neonates being at high risk of
electrographic-only and prolonged seizures as well as status epilepticus (
Table 1 ). Modern digital systems facilitate recording a multichannel vEEG
using 6-8 (-10) active electrodes according to the international 10-20 system
(including central and parietal electrode derivations), combined with the
option that the aEEG trend that is given in a time-compressed and
semilogarithmically transformed display is available for each channel [for a
review see Hellstrom-Westas ( 25 )]. Characteristic maturational aEEG
background patterns are exemplarily demonstrated in Figure 3 [for a

comprehensive review, see ( 46 , 47 )]. Recognition and interpretation of

critical aEEG patterns by an experienced team of the neonatal intensive care
unit without specific expertise in neurophysiological diagnostics is possible (

25 ), such as the “ saw-tooth pattern” of the aEEG trend that points to

repetitive electrographic seizure activity ( Figures 4A-D ) or the typical

pattern of background suppression ( Figures 4C, D).

FIGURE 3
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(A)aEEG findings of normal background activity in relation to maturational
age.(B, C)Pathological background suppression classified according to
Hellstrom-Westas ( 46 ).(B)PCA 39 weeks (postnatal age of 2 h), continuous
extremely low voltage (CLV) tracing.(C)PCA 39 weeks (postnatal age of 5 h)
burst suppression. (Calibration is given in the figure, low-pass 30 Hz, high-

pass 0. 5 Hz).

FIGURE 4

Focal epileptic discharges with a normal(A, B)and suppressed background(C,
D). (A, B)EEG in a 2-day-old term newborn presenting tonic seizures with
opisthotonos and apnoea. Ictal EEG(A)showed focal epileptic discharges that
were also present during interictal periods(B). A saw-tooth pattern of the
aEEG (C3, C4) indicates repetitive subclinical electrographic seizure activity.
BFNC caused by a heterozygous KCNQ2 mutation was diagnosed.
Neurodevelopmental outcome was normal.(C, D)EEG in a 10-h-old term
newborn with moderate perinatal HIE (Sarnat stage Il) and therapeutic
hypothermia. Multichannel EEG(C, D)shows prolonged focal epileptic
discharges and severely suppressed background activity. Suppressed lower
amplitudes (<5 uV) and saw-tooth pattern of the aEEG (C3, C4) are shown.

(Calibration is given in the figure, low-pass 30 Hz, high-pass 0. 5 Hz).

However, there are significant methodological limitations of aEEG
monitoring. Studies on the sensitivity of aEEG in the detection of seizure
activity in pre-terms and critically ill neonates are rare and most often very

heterogenous regarding gestational age (GA), electro-clinical diagnosis, and
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technical methods, which vary from 2-4 (cerebral function monitoring, CFM)
to 8-10 active electrodes (aEEG) ( 48 , 49 ). Furthermore, results on inter-

observer reliability in interpreting neonatal aEEG are inconsistent ( 49 - 51 ).

Well-known limits of aEEG monitoring include a low sensitivity for low
voltage, as well as brief (<10-30 s) epileptic discharges ( Figure 5A ) and
age-related maturational pattern (physiological paroxysmal transients) not

being detected ( Figures 5C, D).

FIGURE 5

Limits of aEEG monitoring in detection of seizure activity.(A)Low-voltage and
brief (<10-30 s) epileptic discharges in a preterm of 28 weeks
postconceptual age (PCA) not detected by the time-compressed display.
(B)Pseudosuppression of background due to artifacts of high-frequency
oscillatory ventilation.(C, D)Physiological paroxysmal transients.(C)Sharp
theta on the occipital area of prematures (STOP) in a preterm of 30 weeks
PCA.(D)Frontal sharp theta transients and delta brushes in a term newborn.

(Calibration is given in the figure, low-pass 30 Hz, high-pass 0. 5 Hz).

Moreover, detection of short ictal suppression or transient suppression in
response to sedative or analgesic medication ( 29 ) is impossible without
additional multichannel EEG recording. An example of “ pseudosuppression”
of background due to artifacts of high-frequency oscillatory ventilation is
shown in Figure 5B . Furthermore, reported experience in seizure detection

in extremely pre-term infants (GA 24-28 weeks) is limited ( 18 , 27,35, 52

). A systematic review reported a sensitivity of 76% and a median specificity
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of 85% of aEEG for the detection of seizure activity in neonates ( 53 ). In
terms of these methodical limitations, aEEG monitoring is recommended as a
useful bedside method for continuous and long-term monitoring in neonates
at risk for seizures, but as a complementary tool to multichannel EEG
[American Clinical Neurophysiology Society's Guidelines on EEG Monitoring

in Neonates; ( 22, 32)].

Continuous EEG Monitoring in Electrographic-Only Seizures

Data on “ electrographic-only” seizures, recently recommended as a defined
seizure type of the neonate by the ILAE Task Force on Neonatal Seizures ( 8
), are limited and include heterogeneous study groups in terms of definition,

age distribution, and technical conditions ( 18 , 27 , 33,34 ,42 ,54).

Electrographic-only seizures that are characterized by a “ repetitive and
evolving pattern with a minimum 2 uV voltage and duration of at least 10 s”
( 32 ) are commonly described in both pre-term and term infants with acute

symptomatic seizures and encephalopathies such as hypoxic-ischemic or

infectious encephalopathies ( 8, 55 ), as well as structural and genetic

neonatal-onset epileptic encephalopathies ( 8 , 33, 42 ).

In term infants with HIE receiving therapeutic hypothermia (TH),
comprehensive multicentre studies have confirmed the high risk of

electrographic-only seizures. The fraction of electrographic-only seizures has

been found as high as 50-80% of the whole seizure burden ( 8 , 55 ). During
TH (72 h), Nash et al. ( 55 ) detected seizures in 34% and status epilepticus
in 10% of term infants with HIE, and more than 50% of these seizures were
electrographic-only. In term neonates with moderate HIE, TH has been
shown to reduce the degree of electrographic seizure burden ( 5, 56, 57 );
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however, more than 50% of infants with moderate HIE developed seizures

during TH and after its cessation [> 72 h; (5, 28, 29 )]

Together, aEEG has been shown to enable the detection of recurrent
electrographic-only seizures and neonatal status epilepticus with high

sensitivity in selected populations ( 18 , 32, 33 ). However, the detection

rate is significantly limited in the case of low-amplitude epileptic discharges

and repetitive seizure activity of short duration (<105s) ( 3, 58, 59); thus, a

combination of aEEG and multichannel EEG is required ( 22, 32 ).

EEG Monitoring in Neonatal-Onset Epileptic
Encephalopathies

EEG Monitoring in Perinatal HIE

In particular in term neonates with HIE, aEEG combined with multichannel

EEG has been proposed as a reliable diagnostic and prognostic tool ( 22, 60

, 61 ). Based on large international studies ( 4 , 62 ), the significance of

background suppression and burst suppression, which represent previously
established prognostic EEG patterns in perinatal HIE, needs to be re-
evaluated in the era of TH, in part: Initial burst suppression was not
associated with death or severe disability in about 40% of the affected
infants ( 4 ). Thus, initial burst suppression does not exclude normal
neurological development, and sequential EEG recordings during the
postnatal interval of 36-48 h are recommended for estimating prognostic

aspects and long-term outcomes ( 4, 60 - 62 ). Based on comprehensive

analyses of the prognostic value of aEEG criteria in HIE it remains

unchanged, that the rapid improvement of an initial suppression [<24 h; ( 16
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, 26, 62 )] and the early development of sleep-wake cycling (<36 h) are

associated with a favorable neurodevelopmental outcome ( 55, 60 ).

The prognostic significance of prolonged epileptic discharges and high
seizure burden in neonates with HIE is well-described. In term neonates with
HIE and TH, a high frequency of electrographic seizures has been strongly
associated with severe hypoxic and ischemic cMRI lesions and abnormal
development ( 17 ). Using cEEG for at least 72 h in term neonates with
moderate or severe HIE, Weeke et al. ( 35 ) found a significant relationship
between the total seizure burden and neurodevelopmental outcomes at the
age of 24 months, with a PPV of 78% and an NPV of 71%. Similarly,
unfavorable neurodevelopmental outcomes in infants with HIE and prolonged
electrographic-only seizure activity have been observed by others ( 16, 17,

63 , 64 ). Using multivariate analysis, Fitzgerald et al. ( 17 ) identified the

prognostic significance of prolonged seizure exposure in term infants with
HIE ( N = 93) and proposed a high frequency of electrographic seizures (OR
5.2,95% CI 1. 3-21. 2, p = 0. 02) and moderate or severe slowing of
background activity (OR 8. 3, 95% CI 1. 6-43. 9, p = 0. 01) as predictive
parameters for abnormal motor development, and a high electrographic
seizure frequency for deficiencies of speech development (OR 4. 2, 95% CI 1.
1-15. 9, p = 0. 04). Repetitive electrographic seizures or status epilepticus
pattern during the first 24 h after rewarming but not the first 24 h after
cooling were associated with post-neonatal epilepsy in patients with
moderate or severe HIE at the age of 12 months ( 65 ). Increased
hippocampal apoptosis and elevated IL-8 and inflammatory cytokine levels

may lower the seizure threshold during the acute period of HIE and increase
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the risk of post-neonatal epilepsy [6-22%; ( 57 )]. However, comparison of
different predictors of outcomes in neonates with HIE and TH showed a
higher specificity of neonatal cMRI than EEG/aEEG and neonatal

electrographic seizure burden ( 61 - 65 ). The strength of EEG/aEEG is its

high overall availability during the early postnatal period compared to cMRI (

56,58, 59), its high sensitivity to identify electrographic seizures and

abnormal background activity, and to monitor therapeutic management.

EEG Monitoring in Structural and Metabolic Neonatal-Onset EE
In general, abnormal EEG findings in structural and metabolic neonatal-onset

EE are not specific; however, they could point to the differential diagnoses of
structural brain anomalies or inherited metabolic diseases, and direct
specific investigations. Suppression burst pattern in neonates with refractory
seizures may indicate severe brain malformation as well as metabolic
diseases, e. g., sulphite oxidase deficiency, molybdenum cofactor deficiency,

pyridoxine-dependent epilepsy, non-ketotic hyperglycinemia ( Figures 2A, B

), mitochondrial cytochrome c oxidase deficiency or pyruvate dehydrogenase

complex deficiency ( Figures 2C, D ), and lipoic acid synthetase deficiency (

66 ). In pyridoxine-dependent epilepsy, continuous high-voltage rhythmic
delta slow waves have been reported as a characteristic EEG pattern ( 60 ).
Appropriate treatments other than anticonvulsive drugs may improve the
course of these rare EE. Concerning structural neonatal-onset EE, rhythmic
and high-amplitude alpha or beta activity in all cortical regions may indicate

the so-called lissencephaly-pachygyria spectrum based on disturbances of

neuronal migration ( 67 ).
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Electro-Clinical Findings in Genetic Neonatal-Onset EE

In neonatal-onset EE, a genetic etiology is increasingly identified. In a
prospective cohort of neonates with seizures enrolled in the multicentre US

Neonatal Seizure Registry ( 11 ), neonatal EE was found in 13% of patients

(79/611), and 83% had a genetic etiology, with KCNQZ2 variants the most
common. Using targeted gene sequencing, Na et al. ( 12 ) recently identified
pathological variants in 42. 9% (30/70) of infants with neonatal-onset EE,
with the most common pathogenic variants detected in the KCNQZ2, STXBP1 ,
and CDKL5 genes (20/30, 66. 7%). Similarly, Lee et al. ( 10 ) identified 31
patients (64. 4%) with a genetic etiology among a total of 48 neonates with
EE with burst suppression, with the most commonly diagnosed pathogenic
variants in the STXBP1 (27. 1%), KCNQZ2 (10. 4%), and SCN2A genes (10.

4%).

To optimize short- and long-term management and targeted treatment

options ( 68 - 71 ), a better understanding and characterization of the

electro-clinical phenotypes of genetic neonatal-onset EE is increasingly
important and highly challenging. At present, no electrographic pattern
specific for a defined genetic etiology have been identified in genetic

neonatal-onset EE. However, supported by the recommendations of the

American Clinical Neurophysiology Society ( 22 ), the increasingly common

use of EEG monitoring in at-risk neonates might lead to increased experience
in the characterization of the electro-clinical phenotypes of neonatal-onset
EE ( 71 - 74 ). Rare neonatal-onset, severe EE such as Ohtahara syndrome
[OS; syn. early infantile EE (EIEE)], early myoclonic encephalopathy (EME),

and vitamin-dependent epilepsies are well-characterized electro-clinically,
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and increasingly genetically ( 10, 12, 13 ). The hallmark of OS is an

unresponsive and invariant burst suppression pattern with bursts of high-
amplitude spikes and polyspikes alternating with short periods of
suppression in a regular pattern. Burst suppression in EME occurs
predominantly during sleep and might be not continuous. As a monogenic
etiology of these severe neonatal-onset EE, as well as EE other than

EIEE/EME ( 10), is increasingly confirmed, elucidating novel underlying

disease mechanisms ( 12, 13, 68, 74 ) as well as prognostic or therapeutic

implications ( 68 , 73, 74 ), a future adaptation of the presently used electro-

clinical classification has been proposed (8,9, 71 ).

The following section includes examples of EEG findings in rare genetic
neonatal-onset epilepsies with monogenic variants without significant
structural brain anomalies. This group of EE etiologically includes
channelopathies (e. g., KCNQ2/3, KCNT1, SCN2A ), cell signaling disorders
including developmental transcription factor and RNA processing disorders
(e. g., FOXG1, GNAOI, BRAT1, CDKL5 ), synaptopathies and synaptic
transmission disorders ( STXBP1, DNM1, SPTAN1 ) and mitochondrial

disorders (e. 9., PDHA1, PDHB, PDHX, POLG1 ) (11,71 ,75). Even if

pathognomonic EEG findings are missing - except for typical EEG patterns
associated with individual variants (e. g., KCNQZ2, KCNT1 )—analysis of EEG
examinations in these rare genetic neonatal-onset EE will lead to a better

understanding of the clinical and EEG phenotypes.
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EEG Characteristics in Neonatal-Onset Channelopathies

Neonatal-Onset KCNQ2 Encephalopathy
Mutations in the KCNQZ2 gene encoding the voltage-gated potassium channel

Kv 7.2 are well-known as the genetic cause of self-limited familial neonatal
seizures. However, de novo KCNQZ2 variants were also recognized as

causative mutations of EOEE of varying severity (

76,77 ). The hypothesis is
that mutations with a dominant negative effect may explain the more severe
functional deficit associated with severe encephalopathy, but the exact

mechanisms are not fully understood ( 13, 76 , 78 ). The reported clinical

features of KCNQZ encephalopathy include onset within the first week of life,
seizures of high frequency with a prominent focal tonic component and
autonomic symptoms, and signs of progressive encephalopathy with
hypotonia, decreasing vigilance, and reactivity. Seizures are often
accompanied by apnoea and, rarely, prolonged bradycardia increasing the

risk of sudden unexpected death in epilepsy [SUDEP; ( 75, 76 )]. Associated

unspecific neuroimaging features have been reported ( 66 , 77, 79).

Electrographic characteristics are background suppression or suppression

burst as well as multifocal epileptiform discharges ( 76 , 77 , 79 ). Ictal EEG

has revealed unilateral low-voltage fast activity followed by repetitive focal
series of spikes and waves ( 77 ). Postictally, prolonged and diffuse

depression of amplitudes is typically present.

From early childhood, the frequency and severity of seizures improve, but
severe neurodevelopmental and intellectual disability is present in almost all

patients ( 76 , 77 ). Sodium-channel blockers such as phenytoin and

carbamazepine are recommended as possible precision medicine treatments

https://assignbuster.com/neuromonitoring-in-neonatal-onset-epileptic-
encephalopathies/



Neuromonitoring in neonatal-onset epilep... - Paper Example Page 18

for KCNQZ -related encephalopathies ( 74 ). In 11 patients with loss-of-
function KCNQZ2 variants, early treatment with ezogabine was found to
improve refractory seizure activity without severe side effects ( 76 ).
KCNT1-Associated Epileptic Encephalopathy

KCNTI1 encodes a voltage-dependent sodium-activated potassium channel
subunit mediating slow hyperpolarization. Gain-of-function mutations leading
to increased current amplitude in the sodium-activated potassium channel
are increasingly recognized as disease-causing variants in epilepsy of infancy

with migrating focal seizures (EIMFS) and West syndrome, but neonatal-

onset EE is also commonly reported ( 68 , 80 - 82 ). More than 50% of known
variants are de novo ( 81 ). Interactions with complex neuronal protein
networks such as the fragile-X mental retardation protein may explain the
various comorbidities and progressive encephalopathy ( 82 ). Commonly
reported clinical features of KCNTI1 encephalopathy in the initial phase of the
epilepsy represent focal, alternating motor seizures (tonic > clonic), which
typically present in the oro-facial region (64-83%), including lateral deviation
of the eyes, as well as myoclonic limb jerks and spasms. Autonomic
symptoms have been reported in 17-100% of patients presenting apnoeic
spells, instability of body temperature, vomiting, or deep breathing ( 80 - 82
). The second and third phases of the epilepsy are characterized by clusters
of focal seizures several times a day, hypotonia and somnolence, and later

on, improvement of seizure frequency but severe developmental disability (

80,81 ).

Typical electrographic findings have been shown. These were diffuse slowing

of the interictal background followed by focal epileptiform discharges with
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alternating laterality and progressive diffuse slowing, as well as ictal

migrating patterns ( 80 - 82 ) ( Figure 6 ). Electrographic-only seizures with

focal series of rhythmic alpha or theta and varying ictal onset have been
described. Of note, a suppression burst EEG pattern during the first weeks of

life has been reported in several patients ( 68 , 80 - 82 ), consistent with the

electro-clinical phenotype of OS. A recent retrospective study including 19
patients with EIMFS and KCNTI1 mutations analyzed EEG findings after the
age of 2. 5 years ( 80 ). During the third phase, interictal EEGs were
continuously abnormal with irregular and slow background activity (100%)
with temporal or frontal paroxysmal abnormalities (57%) that were mainly
recorded during sleep ( 80 ). Ictal EEGs showed focal epileptic discharges

also involving mainly frontal and temporal areas.

FIGURE 6

EEG findings in a female newborn with KCNT1-associated epileptic
encephalopathy. The girl presented orofacial myoclonic seizures, bulbus
deviation, and apnoeic spells. Interictal(A)and ictal(B, C)EEG at the age of 5
weeks.(A)Diffuse slowing of the background and occipital epileptiform
discharges.(B, C)lctal EEG with diffuse slowing and rhythmic low voltage
epileptiform discharges over the centro-temporal and occipital regions with
alternating laterality. (Calibration is given in the figure, low-pass 30 Hz, high-

pass 0. 5 Hz).

Quinidine has been suggested as a possible precision medicine treatment (

82 - 84 ). Severe neurodevelopmental regression and cognitive disability
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have been reported in all patients, accompanied by dystonic and

choreoathetotic movement disorders [23%; ( 80, 81 )]. Associated cardiac

anomalies may contribute to the increased SUDEP prevalence in KCNT1 -

associated EE ( 80).

SCN-Associated Early-Onset Epileptic Encephalopathies
Early-onset epilepsies caused by genetic variants in the voltage-gated

sodium channel (SCN) gene family are rare and associated with variable
phenotypes such as Dravet syndrome, Dravet-like phenotypes, and EIMFS,
most often due to missense and protein truncation variants as well as
deletions. Additionally, deletions of 2q including SCN1A, SCN2A , and SCN3A
have been associated with developmental delay, dysmorphic features,

behavioral problems and psychiatric disorders ( 85, 86 ). Genotype-

phenotype studies of patients with mutations in the SCN2A gene encoding
the voltage-gated sodium channel Navl. 2 showed early onset of SCN2A -

associated EE (<3 months of age) in around 35% of patients ( 70 ), and this

early-onset group presented with missense mutations that led to a gain of
function of the Nav1l. 2. channel. The degree of gain-of-function was related
to the epilepsy phenotype and treatment response to phenytoin ( 70 ). The
well-characterized clinical phenotype is benign familial neonatal-infantile
epilepsy, but de novo SCN2A missense variants also cause severe
phenotypes, including refractory, neonatal-onset EE. Clinically, neonates with

SCNZ2A -associated EE usually reveal focal tonic seizures and apnoea.

Treatment response to phenytoin is typically reported ( 70, 87 ).

Electrographic findings have been suppression burst patterns or multifocal

https://assignbuster.com/neuromonitoring-in-neonatal-onset-epileptic-
encephalopathies/



Neuromonitoring in neonatal-onset epilep... - Paper Example Page 21

epileptic discharges associated with abnormal slowing and suppression of

background.

Neuro-developmental outcomes were usually severely impaired ( 70, 87 ).

The rarely described deletion of the whole sodium channel gene cluster (
SCN3A, SCN2A, SCN1A, SCN9A , and SCN7A ) has been associated with
refractory infantile epilepsy of the EIMFS phenotype ( 88 ). In contrast, few
clinical reports on epilepsies caused by duplications in the SCN cluster are

available ( 89 - 93 ). Figure 7 shows the EEG findings of a female neonate

with seizure onset on the first day of life caused by a de novo duplication of
the SCN gene cluster of chromosome 2924, including triplication of the
SCNZ2A gene. Focal clonic and focal tonic seizures and ictal apnoeic spells
were accompanied by a suppression burst and, from the second week of life,

prolonged focal epileptic discharges and suppressed background.

FIGURE 7

EEG findings of a female neonate with seizure onset in the first day of life
caused by a de novo duplication of the SCN gene cluster of chromosome
2924.(A)Suppression burst during asleep and awake periods.(B, C)Ictal
pattern was initial suppression followed by focal epileptic discharges and
continuously suppressed background. (Calibration 100 uV/cm, low-pass 30
Hz, high-pass 0. 5 Hz).

CACNA1A-Associated Neonatal-Onset Epileptic Encephalopathies

Mutations in the CACNAIA gene, which encodes the alpha-1 subunit of a

voltage-gated P/Q-type calcium channel, rarely cause variable phenotypes of
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EOEE ( 75, 94, 95 ). Among 531 individuals with a variable spectrum of

unsolved EE, six infants with CACNAIA mutations ( de novo 3/5) were
identified ( 75 ). Five of these infants presented their first clinical seizures
during the neonatal period, including myoclonic and tonic seizure types.
Exclusively compound heterozygous mutations in the CACNAIA gene have
been associated with severe EE with early infantile onset, severe muscular
hypotonia, and progressive cerebral, cerebellar and optic nerve atrophy ( 94
). Figure 8 shows the EEG findings of a male neonate with onset of apnoeic
spells and focal seizures at the age of 4 weeks, in whom a novel compound

heterozygosity for two inherited frameshift mutations in the CACNAIA gene
was identified [maternal: c. 2602delG p. (Ala868Profs * 24), paternal: c.

5476delC p. (His1826Thrfs * 3)]. He developed a rapid progressive EE with
refractory focal seizures and apnoea, severe muscular hypotonia, optic
atrophy, and lethal course at the age of 2. 5 years. EEG showed suppression
burst during both awake and asleep states ( Figure 8 ). During apnoeic spells
as well as postictally, prolonged and severe suppression was present. Under
anticonvulsive treatment, the EEG remained severely abnormal with
generalized slowing and 2-3 Hz monomorphic, high-voltage activity and
diffuse sharp and spike waves ( Figure 8 ). A similar EEG pattern was
observed in two sisters with severe EE associated with a compound
heterozygous missense mutation in exon 27 (c. 4315T > A) and exon 3 (del

c. 472_478delGCCTTCC) ( 94).

FIGURE 8

https://assignbuster.com/neuromonitoring-in-neonatal-onset-epileptic-
encephalopathies/



Neuromonitoring in neonatal-onset epilep... - Paper Example Page 23

EEG findings of a male neonate with onset of apnoeic spells and focal
seizures at the age of 4 weeks. A novel compound heterozygosity for two
inherited frameshift mutations in the CACNA1A gene was identified.
(A)Interictal EEG shows suppression burst during both awake and asleep
states.(B)Ictal EEG pattern was 2-3 Hz monomorphic, high-voltage epileptic
discharge activity. (Calibration 100 puV/cm, low-pass 30 Hz, high-pass 0. 5

Hz).

Interestingly, this suppression pattern is in line with recent experimental
reports. Studies on adult homozygous Cacnala 5218L mice functionally

characterized by gain-of-function of voltage-gated CaV2. 1 Ca 2* channels (
96 ) observed multiple spontaneous tonic-clonic seizures and fatal apnoea in
these transgenic mice, accompanied by ictal and postictal suppression of
cortical neuronal activity ( 96 ). Mechanisms of seizure-related apnoea in
CACNAIA mutations, which implicate a high risk of death and SUDEP, are not
fully understood. The application of the NMDA receptor antagonists MK-801
and memantine-induced stabilizing effects on brain stem function in adult

S218L

transgenic Cacnala mice ( 97).

EEG Characteristics in Neonatal-Onset EE Based on Cell Signaling Disorders

GNAO1-Associated Early-Onset Epileptic Encephalopathy
The GNAOI gene, encoding the G-protein subunit of heterotrimeric guanine

nucleotide-binding proteins, is involved in regulating neuronal excitability
and neurotransmission. Additionally, the G-protein-cAMP pathway axis
represents a key contributor to the pathophysiology of dystonia and chorea (

98 ). At present, observations about GNAOI -associated encephalopathy are
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limited, and around one-third of the reported patients showed neonatal-
onset EE ( 66 ). These neonatal seizures are described as focal motor
seizures with high seizure frequency and associated critical bradycardia ( 99
). Several patients showed cerebral atrophy, delayed myelination, and thin
corpus callosum. Electrographic findings were a suppression burst or
abnormal background associated with multifocal sharp waves ( Figure 9 ).

Severe dystonic movement disorders usually persist, as well as

neurodevelopmental delay ( 99 ).

FIGURE 9

EEG in a female newborn with GNAO1 mutation presenting multifocal tonic
seizures and apathy from the 2nd week of life.(A)Interictal EEG at the age of
3 weeks with suppression burst.(B)Ictal EEG reveals monomorphic, high-
amplitude epileptic discharges over the fronto-central regions and diffuse

slowing (Calibration 100 uV/cm, low-pass 30 Hz, high-pass 0. 5 Hz).

EEG Characteristics in Neonatal-Onset EE Based on Disorders of Synaptic Transmission

STXBP1-Associated Neonatal-Onset Epileptic Encephalopathy
The syntaxin-binding protein 1 ( STXBPI1 ) gene, which encodes for a

membrane-trafficking protein that modifies synaptic vesicle function, is
crucially involved in presynaptic vesicular fusion reaction, neurotransmitter
secretion, and maintenance of GABAergic and glutamatergic neuronal

synapses ( 100, 101 ). De novo STXBP1 mutations are among the most

common causes of neonatal-onset genetic EEor OS ( 13, 101 - 103 ).

Beyond the neonatal period, STXPB1 mutations have been found in infants
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with West syndrome, Dravet syndrome, non-syndromic refractory epilepsy
and intellectual disability, atypical Rett syndrome and autism ( 103 - 106 ).
The semiology of seizures in neonates with STXBP1 mutations has been

described as focal seizures and epileptic spasms ( 102, 103 ). In 7/14

patients with STXBP1 -associated encephalopathy presenting with EE within

the first 4 weeks of life ( 102 ), semiology has been heterogeneous, including

focal and bilateral clonic convulsions, spasms, and tonic seizures. The
electrographic findings at seizure onset were suppression burst, diffuse

slowing, and focal epileptic discharges [( 102 ); Figure 10 ]. Improvement of

seizure frequency during early childhood has been reported. Persistent

profound developmental impairment and ataxic and dystonic movement

disorders determine long-term morbidity ( 101 , 107 ).

FIGURE 10

EEG findings in a female neonate with STXBP1-associated EE at the age of 4
weeks.(A)Interictal EEG showing diffuse slowing, and low-voltage fast activity
and occipital spikes.(B)Ictal EEG reveals periodic patterns and suppression

burst. (Calibration is given in the figure, low-pass 30 Hz, high-pass 0. 5 Hz).

Summary

Neonatal EEG remains a highly sensitive neurophysiological method for
detecting focal and diffuse cerebral dysfunctions and electrographic seizure
activity. Amplitude-integrated EEG is highly recommended as a useful
bedside monitoring method in at-risk neonates but only as a complementary

tool to multichannel EEG because of methodical limitations. EEG/aEEG is
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highly sensitive to identify electrographic seizures and abnormal background
patterns in neonates at risk for prolonged and/or electrographic-only seizures
including newborns with HI, metabolic, or genetic encephalopathies;
however, its prognostic significance is low in all etiological groups. In
neonates with HIE and TH, the predictive significance of EEG/aEEG is
significantly lower compared to cMRI. Electrographic patterns specific for a
genetic variant have not been characterized in neonatal-onset EE; however,
extending the present knowledge about EEG monitoring data may increase

awareness for specific etiological clarification of neonatal-onset EE.

Author Contributions

RT wrote the paper and performed all the work.

Conflict of Interest

The author declares that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential

conflict of interest.

Abbreviations

aEEG, amplitude-integrated electroencephalography; cEEG, conventional
electroencephalography; EIEE, early infantile epileptic encephalopathy; EME,
early myoclonic encephalopathy; EOEE, early-onset epileptic
encephalopathy; GA, gestational age; HIE, hypoxic-ischemic encephalopathy;
PCA, post-conceptual age; OS, Ohtahara syndrome; TH, therapeutic

hypothermia.

https://assignbuster.com/neuromonitoring-in-neonatal-onset-epileptic-
encephalopathies/



Neuromonitoring in neonatal-onset epilep... - Paper Example Page 27

References
1. Glass HC, Shellhaas RA, Tsuchida TN, Chang T, Wusthoff CJ, Chu CJ, et al.

Seizures in preterm neonates: a multicenter observational cohort study.
Pediatr Neurol . (2017) 72: 19-24. doi: 10. 1016/j. pediatrneurol. 2017. 04.

016

2. Lloyd RO, O'Toole JM, Pavlidis E, Filan PM, Boylan GB. Electrographic
seizures during the early postnatal period in preterm infants. J Pediatr .

(2017) 187: 18-25. e2. doi: 10. 1016/j. jpeds. 2017. 03. 004

3. Pisani F, Facini C, Pelosi A, Mazzotta S, Spagnoli C, Pavlidis E. Neonatal
seizures in preterm newborns: a predictive model for outcome. Eur / Paediatr

Neurol . (2016) 20: 243-51. doi: 10. 1016/j. ejpn. 2015. 12. 007

4. Azzopardi D, TOBY study group. Predictive value of the amplitude
integrated EEG in infants with hypoxic ischaemic encephalopathy: data from
a randomised trial of therapeutic hypothermia. Arch Dis Child Fetal Neonatal

Ed . (2014) 99: F80-2. doi: 10. 1136/archdischild-2013-303710

5. Lynch NE, Stevenson NJ, Livingstone V, Mathieson S, Murphy BP, Rennie
JM, et al. The temporal characteristics of seizures in neonatal hypoxic
ischemic encephalopathy treated with hypothermia. Seizure . (2015) 33: 60-

5. doi: 10. 1016/j. seizure. 2015. 10. 007

6. Claessens NHP, Noorlag L, Weeke LC, Toet MC, Breur JMPJ, Algra SO, et al.
Amplitude-integrated electroencephalography for early recognition of brain
injury in neonates with critical congenital heart disease. J Pediatr. (2018)

202: 199-205. doi: 10. 1016/j. jpeds. 2018. 06. 048

https://assignbuster.com/neuromonitoring-in-neonatal-onset-epileptic-
encephalopathies/



Neuromonitoring in neonatal-onset epilep... - Paper Example Page 28

7. Cook RJ, Rau SM, Lester-Pelham SG, Vesper T, Peterson Y, Adamowski T, et
al. Electrographic seizures and brain injury in children requiring
extracorporeal membrane oxygenation. Pediatr Neuro/ . (2020) 108: 77-85.

doi: 10. 1016/j. pediatrneurol. 2020. 03. 001

8. Pressler RM, Cilio MR, Mizrahi EM, Moshe SL, Nunes ML, Plouin P, et al.
Proposal from the ILAE Tast Force on Neonatal Seizures . Available online at:
https://www. ilae. org/guidelines/definition-and-classification/neonatal-

seizure-classification (accessed October 11, 2020).

9. Scheffer IE, Berkovic S, Capovilla G, Connolly MB, French J, Guilhoto L, et
al. ILAE classification of the epilepsies: position paper of the ILAE commission
for classification and terminology. Epilepsia . (2017) 58: 512-21. doi: 10.

1111/epi. 13709

10. Lee S, Kim SH, Kim B, Lee ST, Choi JR, Kim HD, et al. Genetic diagnosis
and clinical characteristics by etiological classification in early-onset epileptic
encephalopathy with burst suppression pattern. Epilepsy Res . (2020) 163:

106323. doi: 10. 1016/j. eplepsyres. 2020. 106323

11. Shellhaas RA, Wusthoff CJ, Tsuchida TN, Glass HC, Chu CJ, Massey SL, et
al. Profile of neonatal epilepsies: characteristics of a prospective US cohort.

Neurology . (2017) 89: 893-9. doi: 10. 1212/WNL. 0000000000004284

12. Na JH, Shin S, Yang D, Kim B, Kim HD, Kim S, et al. Targeted gene panel
sequencing in early infantile onset developmental and epileptic
encephalopathy. Brain Dev . (2020) 42: 438-48. doi: 10. 1016/j. braindeuv.

2020. 02. 004

https://assignbuster.com/neuromonitoring-in-neonatal-onset-epileptic-
encephalopathies/



Neuromonitoring in neonatal-onset epilep... - Paper Example Page 29

13. Lee IC, Yang JJ, Wong SH, Liou YM, Li SY. Heteromeric Kv7. 2 current
changes caused by loss-of-function of KCNQ2 mutations are correlated with
long-term neurodevelopmental outcomes. Sci Rep . (2020) 10: 13375. doi:

10. 1038/s41598-020-70212-w

14. Andreolli A, Turco EC, Pedrazzi G, Beghi E, Pisani F. Incidence of epilepsy
after neonatal seizures: a population-based study. Neuroepidemiology .

(2019) 52: 144-51. doi: 10. 1159/000494702

15. Magalhaes LVS, Winckler MIB, Bragatti JA, Procianoy RS, Silveira RC. Early
amplitude-integrated electroencephalogram as a predictor of brain injury in
newborns with very low birth weight: a cohort study. J Child Neurol . (2018)

33: 659-63. doi: 10. 1177/0883073818778468

16. Niezen CK, Bos AF, Sival DA, Meiners LC, Ter Horst H). Amplitude-
integrated EEG and cerebral near-infrared spectroscopy in cooled,
asphyxiated infants. Am J Perinatol . (2018) 35: 904-10. doi: 10. 1055/s-

0038-1626712

17. Fitzgerald MP, Massey SL, Fung FW, Kessler SK, Abend NS. High
electroencephalographic seizure exposure is associated with unfavorable
outcomes in neonates with hypoxic-ischemic encephalopathy. Seizure .

(2018) 61: 221-6. doi: 10. 1016/j. seizure. 2018. 09. 003

18. Pavlidis E, Spagnoli C, Pelosi A, Mazzotta S, Pisani F. Neonatal status
epilepticus: differences between preterm and term newborns. Eur / Paediatr

Neurol . (2015) 19: 314-9. doi: 10. 1016/j. ejpn. 2015. 01. 002

https://assignbuster.com/neuromonitoring-in-neonatal-onset-epileptic-
encephalopathies/



Neuromonitoring in neonatal-onset epilep... - Paper Example Page 30

19. Miller SM, Sullivan SM, Ireland Z, Chand KK, Colditz PB, Bjorkman ST.
Neonatal seizures are associated with redistribution and loss of GABA-A a-
subunits in the hypoxic-ischaemic pig. / Neurochem . (2016) 139: 471-84.

doi: 10. 1111/jnc. 13746

20. Isaeva E, Isaev D, Holmes GL. Alteration of synaptic plasticity by neonatal
seizures in rat somatosensory cortex. Epilepsy Res. (2013) 106: 280-3. doi:

10. 1016/j. eplepsyres. 2013. 03. 011

21. Jung S, Ballheimer YE, Brackmann F, Zoglauer D, Geppert Cl, Hartmann
A, et al. Seizure-induced neuronal apoptosis is related to dysregulation of the
RNA-edited GIuR2 subunit in the developing mouse brain. Brain Res . (2020)

1735: 146760. doi: 10. 1016/j. brainres. 2020. 146760

22. Shellhaas RA, Chang T, Tsuchida T, Scher MS, Riviello JJ, Abend NS, et al.
The American Clinical Neurophysiology Society's guideline on continuous
electroencephalography monitoring in neonates. / Clin Neurophysiol . (2011)

28: 611-7. doi: 10. 1097/WNP. 0b013e31823e96d7

23. Richardson J, Goshen S, Meledin I, Golan A, Goldstein E, Shany E.
Predictive value of early amplitude integrated EEG in extremely premature

infants. / Child Neurol . (2020) 35: 737-43. doi: 10. 1177/0883073820930505

24. Abend NS, Gutierrez-Colina AM, Topjian AA, Zhao H, Guo R, Donnelly M,
et al. Nonconvulsive seizures are common in critically ill children. Neurology .

(2011) 76: 1071-7. doi: 10. 1212/WNL. 0b013e318211c19e

https://assignbuster.com/neuromonitoring-in-neonatal-onset-epileptic-
encephalopathies/



Neuromonitoring in neonatal-onset epilep... - Paper Example Page 31

25. Hellstrom-Westas L. Amplitude-integrated electroencephalography for
seizure detection in newborn infants. Semin Fetal Neonatal Med . (2018) 23:

175-82. doi: 10. 1016/j. siny. 2018. 02. 003

26. Skranes JH, Lghaugen G, Schumacher EM, Osredkar D, Server A, Cowan
FM, et al. Amplitude-integrated electroencephalography improves the
identification of infants with encephalopathy for therapeutic hypothermia
and predicts neurodevelopmental outcomes at 2 years of age. J Pediatr .

(2017) 187: 34-42. doi: 10. 1016/j. jpeds. 2017. 04. 041

27. Janackova S, Boyd S, Yozawitz E, Tsuchida T, Lamblin MD, Gueden S, et
al. Electroencephalographic characteristics of epileptic seizures in preterm
neonates. Clin Neurophysiol . (2016) 127: 2721-7. doi: 10. 1016/j. clinph.

2016. 05. 006

28. Shah DK, Wusthoff CJ, Clarke P, Wyatt JS, Ramaiah SM, Dias R}, et al.
Electrographic seizures are associated with brain injury in newborns
undergoing therapeutic hypothermia. Arch Dis Child Fetal Neonatal Ed .

(2014) 99: F219-24. doi: 10. 1136/archdischild-2013-305206

29. Benedetti GM, Silverstein FS, Rau SM, Lester SG, Benedetti MH, Shellhaas
RA. Sedation and analgesia influence electroencephalography monitoring in
pediatric neurocritical care. Pediatr Neurol . (2018) 87: 57-64. doi: 10.

1016/j. pediatrneurol. 2018. 05. 001

30. Boylan GB, Rennie JM, Pressler RM, Wilson G, Morton M, Binnie CD.
Phenobarbitone, neonatal seizures and video-EEG. Arch Dis Child . (2002) 86:

F165-70. doi: 10. 1136/fn. 86. 3. F165

https://assignbuster.com/neuromonitoring-in-neonatal-onset-epileptic-
encephalopathies/



Neuromonitoring in neonatal-onset epilep... - Paper Example Page 32

31. Scher MS, Alvin J, Gaus L, Minnigh B, Painter MJ. Uncoupling of EEG-
clinical neonatal seizures after antiepileptic drug use. Pediatr Neurol . (2003)

28: 277-80. doi: 10. 1016/50887-8994(02)00621-5

32. Tsuchida TN, Wusthoff CJ, Shellhaas RA, Abend NS, Hahn CD, Sullivan JE,
et al. American clinical neurophysiology society standardized EEG
terminology and categorization for the description of continuous EEG
monitoring in neonates: report of the American Clinical Neurophysiology
Society critical care monitoring committee. J Clin Neurophysiol . (2013) 30:

161-73. doi: 10. 1097/WNP. 0b013e3182872b24

33. Rennie M, de Vries LS, Blennow M, Foran A, Shah DK, Livingstone V, et
al. Characterisation of neonatal seizures and their treatment using
continuous EEG monitoring: a multicentre experience. Arch Dis Child Fetal

Neonatal Ed . (2019) 104: F493-501. doi: 10. 1136/archdischild-2018-315624

34. Shah DK, Zempel J, Barton T, Lukas K, Inder TE. Electrographic seizures
in preterm infants during the first week of life are associated with cerebral
injury. Pediatr Res . (2010) 67: 102e6. doi: 10. 1203/PDR.

0b013e3181bf5914

35. Weeke LC, van Ooijen IM, Groenendaal F, van Huffelen AC, van Haastert
IC, van Stam C, et al. Rhythmic EEG patterns in extremely preterm infants:
classification and association with brain injury and outcome. Clin

Neurophysiol . (2017) 128: 2428-35. doi: 10. 1016/j. clinph. 2017. 08. 035

https://assignbuster.com/neuromonitoring-in-neonatal-onset-epileptic-
encephalopathies/



Neuromonitoring in neonatal-onset epilep... - Paper Example Page 33

36. Low E, Mathieson SR, Stevenson NJ, Livingstone V, Ryan CA, Bogue CO,
et al. Early postnatal EEG features of perinatal arterial ischaemic stroke with

seizures. PLoS ONE. (2014) 9: e100973. doi: 10. 1371/journal. pone. 0100973

37. Oliveira AJ, Nunes ML, Haertel LM, Reis FM, da Costa JC. Duration of
rhythmic EEG patterns in neonates: new evidence for clinical and prognostic
significance of brief rhythmic discharges. Clin Neurophysiol . (2000) 111:

1646-53. doi: 10. 1016/51388-2457(00)00380-1

38. Nagarajan L, Palumbo L, Ghosh S. Brief electroencephalography rhythmic
discharges (BERDs) in the neonate with seizures: their significance and
prognostic implications. J Child Neurol . (2011) 26: 1529-33. doi: 10.

1177/0883073811409750

39. Vesoulis ZA, Inder TE, Woodward L}, Buse B, Vavasseur C, Mathur AM.
Early electrographic seizures, brain injury, and neurodevelopmental risk in
the very preterm infant. Pediatr Res . (2014) 75: 564e9. doi: 10. 1038/pr.

2013. 245

40. Shellhaas RA, Clancy RR. Characterization of neonatal seizures by
conventional EEG and single-channel EEG. Clin Neurophysiol . (2007) 118:

2156-61. doi: 10. 1016/j. clinph. 2007. 06. 061

41. Shellhaas RA, Soaita Al, Clancy RR. Sensitivity of amplitude-integrated
electroencephalography for neonatal seizure detection. Pediatrics . (2007)

120: 770-7. doi: 10. 1542/peds. 2007-0514

https://assignbuster.com/neuromonitoring-in-neonatal-onset-epileptic-
encephalopathies/



Neuromonitoring in neonatal-onset epilep... - Paper Example Page 34

42. Nagarajan L, Ghosh S, Palumbo L. Ictal electroencephalograms in
neonatal seizures: characteristics and associations. Pediatr Neurol . (2011)

45: 11-6. doi: 10. 1016/j. pediatrneurol. 2011. 01. 009

43. Kato M, Yamagata T, Kubota M, Arai H, Yamashita S, Nakagawa T, et al.
Clinical spectrum of early onset epileptic encephalopathies caused by KCNQ2

mutation. Epilepsia . (2013) 54: 1282-7. doi: 10. 1111/epi. 12200

44. Nagarajan L, Palumbo L, Ghosh S. Neurodevelopmental outcomes in
neonates with seizures: a numerical score of background
electroencephalography to help prognosticate. / Child Neurol . (2010) 8:

961e8. doi: 10. 1177/0883073809355825

45. Shangle CE, Haas RH, Vaida F, Rich WD, Finer NN. Effects of endotracheal
intubation and surfactant on a 3-channel neonatal electroencephalogram. /

Pediatr . (2012) 161: 252-7. doi: 10. 1016/j. jpeds. 2012. 02. 014

46. Hellstrom-Westas L, Rosen |, de Vries LS, Greisen G. Amplitude-
integrated EEG. Classification and interpretation in preterm and term infants.

Neoreviews . (2006) 7: e76e87. doi: 10. 1542/neo. 7-2-e76

47. al Nageeb N, Edwards AD, Cowan FM, Azzopardi D. Assessment of
neonatal encephalopathy by amplitude-integrated electroencephalography.

Pediatrics . (1999) 103: 1263-71. doi: 10. 1542/peds. 103. 6. 1263

48. Zhang D, Liu Y, Hou X, Zhou C, Luo Y, Ye D, et al. Reference values for
amplitude-integrated EEGs in infants from preterm to 3. 5 months of age.

Pediatrics . (2011) 127: e1280e7. doi: 10. 1542/peds. 2010-2833

https://assignbuster.com/neuromonitoring-in-neonatal-onset-epileptic-
encephalopathies/



Neuromonitoring in neonatal-onset epilep... - Paper Example Page 35

49. Wusthoff CJ, Sullivan J, Glass HC, Shellhaas RA, Abend NS, Chang T, et al.
Interrater agreement in the interpretation of neonatal
electroencephalography in hypoxic-ischemic encephalopathy. Epilepsia .

(2017) 58: 429-35. doi: 10. 1111/epi. 13661

50. Malone A, Ryan CA, Fitzgerald A, Burgoyne L, Connolly S, Boylan GB.
Interobserver agreement in neonatal seizure identification. Epilepsia . (2009)

50: 2097-101. doi: 10. 1111/j. 1528-1167. 2009. 02132. x

51. Rakshasbhuvankar AA, Wagh D, Athikarisamy SE, Davis J, Nathan EA,
Palumbo L, et al. Inter-rater reliability of amplitude-integrated EEG for the
detection of neonatal seizures. Early Hum Dev . (2020) 143: 105011. doi: 10.

1016/j. earlhumdev. 2020. 105011

52. Shellhaas RA, Barks AK. Impact of amplitude-integrated
electroencephalograms on clinical care for neonates with seizures. Pediatr

Neurol . (2012) 46: 32e5. doi: 10. 1016/j. pediatrneurol. 2011. 11. 004

53. Rakshasbhuvankar A, Paul S, Nagarajan L, Ghosh S, Rao S. Amplitude-
integrated EEG for detection of neonatal seizures: a systematic review.

Seizure . (2015) 33: 90-8. doi: 10. 1016/j. seizure. 2015. 09. 014

54. Okumura A, Hayakawa F, Kato T, Itomi K, Maruyama K, Kubota T, et al.
Ictal electroencephalographic findings of neonatal seizures in preterm
infants. Brain Dev . (2008) 30: 261-8. doi: 10. 1016/j. braindev. 2007. 08.

011

https://assignbuster.com/neuromonitoring-in-neonatal-onset-epileptic-
encephalopathies/



Neuromonitoring in neonatal-onset epilep... - Paper Example Page 36

55. Nash KB, Bonifacio SL, Glass HC, Sullivan JE, Barkovich AJ, Ferriero DM, et
al. Video-EEG monitoring in newborns with hypoxic-ischemic encephalopathy
treated with hypothermia. Neurology . (2011) 76: 556-62. doi: 10.

1212/WNL. Ob013e31820af91a

56. Srinivasakumar P, Zempel J, Wallendorf M, Lawrence R, Inder T, Mathur
A. Therapeutic hypothermia in neonatal hypoxic ischemic encephalopathy:
electrographic seizures and magnetic resonance imaging evidence of injury.

J Pediatr . (2013) 163: 465-70. doi: 10. 1016/j. jpeds. 2013. 01. 041

57. Liu X, Jary S, Cowan F, Thoresen M. Reduced infancy and childhood
epilepsy following hypothermia-treated neonatal encephalopathy. Epilepsia .

(2017) 58: 1902-11. doi: 10. 1111/epi. 13914

58. Rakshasbhuvankar A, Rao S, Palumbo L, Ghosh S, Nagarajan L.
Amplitude integrated electroencephalography compared with conventional
video EEG for neonatal seizure detection: a diagnostic accuracy study. / Child

Neurol . (2017) 32: 815-22. doi: 10. 1177/0883073817707411

59. Mastrangelo M, Fiocchi |, Fontana P, Gorgone G, Lista G, Belcastro V.
Acute neonatal encephalopathy and seizures recurrence: a combined
aEEG/EEG study. Seizure . (2013) 22: 703-7. doi: 10. 1016/j. seizure. 2013.

05. 006

60. Nabbout R, Soufflet C, Plouin P, Dulac O. Pyridoxine dependent epilepsy:
a suggestive electroclinical pattern. Arch Dis Child Fetal Neonatal Ed . (1999)

81: F125-9. doi: 10. 1136/fn. 81. 2. F125

https://assignbuster.com/neuromonitoring-in-neonatal-onset-epileptic-
encephalopathies/



Neuromonitoring in neonatal-onset epilep... - Paper Example Page 37

61. Thoresen M, Hellstrom-Westas L, Liu X, de Vries LS. Effect of hypothermia
on amplitude-integrated electroencephalogram in infants with asphyxia.

Pediatrics . (2010) 126: e131-9. doi: 10. 1542/peds. 2009-2938

62. De Wispelaere LA, Ouwehand S, Olsthoorn M, Govaert P, Smit LS, de
Jonge RC, et al. Electroencephalography and brain magnetic resonance
imaging in asphyxia comparing cooled and non-cooled infants. Eur / Paediatr

Neurol . (2019) 23: 181-90. doi: 10. 1016/j. ejpn. 2018. 09. 001

63. Weeke LC, Boylan GB, Pressler RM, Hallberg B, Blennow M, Toet MC, et
al. Role of EEG background activity, seizure burden and MRI in predicting
neurodevelopmental outcome in full-term infants with hypoxic-ischaemic
encephalopathy in the era of therapeutic hypothermia. EurJ Paediatr Neurol .

(2016) 20: 855-64. doi: 10. 1016/j. ejpn. 2016. 06. 003

64. Srinivasakumar P, Zempel |, Trivedi S, Wallendorf M, Rao R, Smith B, et
al. Treating EEG seizures in hypoxic ischemic encephalopathy: a randomized
controlled trial. Pediatrics . (2015) 136: e1302-9. doi: 10. 1542/peds. 2014-

3777

65. Kharoshankaya L, Stevenson NJ, Livingstone V, Murray DM, Murphy BP,
Ahearne CE, et al. Seizure burden and neurodevelopmental outcome in
neonates with hypoxic-ischemic encephalopathy. Dev Med Child Neurol .

(2016) 58: 1242-8. doi: 10. 1111/dmcn. 13215

66. Bruun TUJ, DesRoches CL, Wilson D, Chau V, Nakagawa T, Yamasaki M, et

al. Prospective cohort study for identification of underlying genetic causes in

https://assignbuster.com/neuromonitoring-in-neonatal-onset-epileptic-
encephalopathies/



Neuromonitoring in neonatal-onset epilep... - Paper Example Page 38

neonatal encephalopathy using whole-exome sequencing. Genet Med .

(2018) 20: 486-94. doi: 10. 1038/gim. 2017. 129

67. Menascu S, Weinstock A, Farooq O, Hoffman H, Cortez MA. EEG and
neuroimaging correlations in children with lissencephaly. Seizure . (2013) 22:

189-93. doi: 10. 1016/j. seizure. 2012. 12. 001

68. Martin HC, Kim GE, Pagnamenta AT, Murakami Y, Carvill GL, Meyer E, et
al. Clinical whole-genome sequencing in severe early-onset epilepsy reveals
new genes and improves molecular diagnosis. Hum Mol Genet . (2014) 23:

3200-11. doi: 10. 1093/hmg/ddu030

69. Barcia G, Chemaly N, Kuchenbuch M, Eisermann M, Gobin-Limballe S,
Ciorna V, et al. Epilepsy with migrating focal seizures: KCNT1 mutation
hotspots and phenotype variability. Neurol Genet . (2019) 5: e363. doi: 10.

1212/NXG. 0000000000000363

70. Wolff M, Johannesen KM, Hedrich UBS, Masnada S, Rubboli G, Gardella E,
et al. Genetic and phenotypic heterogeneity suggest therapeutic implications
in SCN2A-related disorders. Brain . (2017) 140: 1316-36. doi: 10.

1093/brain/fawx054

71. Stanék D, LadSuthové P, Stérbova K, VI¢kova M, Neupauerovd J, Krutova
M, et al. Detection rate of causal variants in severe childhood epilepsy is
highest in patients with seizure onset within the first four weeks of life.

Orphanet | Rare Dis . (2018) 13: 71. doi: 10. 1186/s13023-018-0812-8

https://assignbuster.com/neuromonitoring-in-neonatal-onset-epileptic-
encephalopathies/



Neuromonitoring in neonatal-onset epilep... - Paper Example Page 39

72. Vilan A, Mendes Ribeiro J, Striano P, Weckhuysen S, Weeke LC, Brilstra E,
et al. A distinctive ictal amplitude-integrated electroencephalography pattern
in newborns with neonatal epilepsy associated with KCNQ2 mutations.

Neonatology . (2017) 112: 387e93. doi: 10. 1159/000478651

73. Sands TT, Balestri M, Bellini G, Mulkey SB, Danhaive O, Bakken EH, et al.
Rapid and safe response to low-dose carbamazepine in neonatal epilepsy.

Epilepsia . (2016) 57: 2019-30. doi: 10. 1111/epi. 13596

74. Reif PS, Tsai MH, Helbig |, Rosenow F, Klein KM. Precision medicine in
genetic epilepsies: break of dawn? Expert Rev Neurother . (2017) 17: 381-

92. doi: 10. 1080/14737175. 2017. 1253476

75. Epi4K Consortium. De novo mutations in SLC1A2 and CACNA1A Are
important causes of epileptic encephalopathies. Am J Hum Genet . (2016) 99:

287-98. doi: 10. 1016/j. ajhg. 2016. 06. 003

76. Millichap JJ, Park KL, Tsuchida T, Ben-Zeev B, Carmant L, Flamini R, et al.
KCNQ2 encephalopathy: features, mutational hot spots, and ezogabine
treatment of 11 patients. Neurol Genet . (2016) 2: €96. doi: 10. 1212/NXG.

0000000000000096

77. Weckhuysen S, Ivanovic V, Hendrickx R, Van Coster R, Hjalgrim H, Mgller
RS, et al. Extending the KCNQ2 encephalopathy spectrum: clinical and
neuroimaging findings in 17 patients. Neurology . (2013) 81: 1697-703. doi:

10. 1212/01. wnl. 0000435296. 72400. al

https://assignbuster.com/neuromonitoring-in-neonatal-onset-epileptic-
encephalopathies/



Neuromonitoring in neonatal-onset epilep... - Paper Example Page 40

78. Orhan G, Bock M, Schepers D, llina El, Reichel SN, Loffler H, et al.
Dominant-negative effects of KCNQ2 mutations are associated with epileptic

encephalopathy. Ann Neurol . (2014) 75: 382-94. doi: 10. 1002/ana. 24080

79. Mulkey SB, Ben-Zeev B, Nicolai J, Carroll JL, Grgnborg S, Jiang YH, et al.
Neonatal nonepileptic myoclonus is a prominent clinical feature of KCNQ2
gain-of-function variants R201C and R201H. Epilepsia . (2017) 58: 436-45.

doi: 10. 1111/epi. 13676

80. Kuchenbuch M, Barcia G, Chemaly N, Carme E, Roubertie A, Gibaud M, et
al. KCNT1 epilepsy with migrating focal seizures shows a temporal sequence
with poor outcome, high mortality and SUDEP. Brain . (2019) 142: 2996-

3008. doi: 10. 1093/brain/awz240

81. Ohba C, Kato M, Takahashi N, Osaka H, Shiihara T, Tohyama J, et al. De
novo KCNT1 mutations in early-onset epileptic encephalopathy. Epilepsia .

(2015) 56: €121-8. doi: 10. 1111/epi. 13072

82. Barcia G, Fleming MR, Deligniere A, Gazula VR, Brown MR, Langouet M,
et al. De novo gain-of-function KCNT1 channel mutations cause malignant
migrating partial seizures of infancy. Nat Genet . (2012) 44: 1255-9. doi: 10.

1038/ng. 2441

83. McTague A, Nair U, Malhotra S, Meyer E, Trump N, Gazina EV, et al.
Clinical and molecular characterization of KCNT1-related severe early-onset
epilepsy. Neurology . (2018) 90: €55-66. doi: 10. 1212/WNL.

0000000000004762

https://assignbuster.com/neuromonitoring-in-neonatal-onset-epileptic-
encephalopathies/



Neuromonitoring in neonatal-onset epilep... - Paper Example Page 41

84. Mikati MA, Jiang YH, Carboni M, Shashi V, Petrovski S, Spillmann R, et al.
Quinidine in the treatment of KCNT-positive epilepsies. Ann Neurol . (2015)

78: 995-9. doi: 10. 1002/ana. 24520

85. Pereira S, Vieira JP, Barroca F, Roll P, Carvalhas R, Cau P, et al. Severe
epilepsy, retardation, and dysmorphic features with a 2q deletion including
SCN1A and SCN2A. Neurology . (2004) 63: 191-2. doi: 10. 1212/01. WNL.

0000132844. 20654. C1

86. Riley KN, Catalano LM, Bernat JA, Adams SD, Martin DM, Lalani SR, et al.
Recurrent deletions and duplications of chromosome 2gl1l. 2 and 2q13 are
associated with variable outcomes. Am J/ Med Genet A . (2015) 167A: 2664-

73. doi: 10. 1002/ajmg. a. 37269

87. Dilena R, Striano P, Gennaro E, Bassi L, Olivotto S, Tadini L, et al. Efficacy
of sodium channel blockers in SCN2A early infantile epileptic
encephalopathy. Brain Dev . (2017) 39: 345-8. doi: 10. 1016/j. braindeuv.

2016. 10. 015

88. Lim BC, Hwang H, Kim H, Chae JH, Choi J, Kim K], et al. Epilepsy
phenotype associated with a chromosome 2g24. 3 deletion involving SCN1A:
migrating partial seizures of infancy or atypical Dravet syndrome? Epilepsy

Res . (2015) 109: 34-9. doi: 10. 1016/j. eplepsyres. 2014. 10. 008

89. Heron SE, Scheffer IE, Grinton BE, Eyre H, Oliver KL, Bain S, et al. Familial
neonatal seizures with intellectual disability caused by a microduplication of
chromosome 2qg24. 3. Epilepsia . (2010) 51: 1865-9. doi: 10. 1111/j. 1528-

1167. 2010. 02558. x

https://assignbuster.com/neuromonitoring-in-neonatal-onset-epileptic-
encephalopathies/



Neuromonitoring in neonatal-onset epilep... - Paper Example Page 42

90. Raymond G, Wohler E, Dinsmore C, Cox J, Johnston M, Batista D, et al. An
interstitial duplication at 2g24. 3 involving the SCN1A, SCN2A, SCN3A genes
associated with infantile epilepsy. Am J Med Genet A . (2011) 155A: 920-3.

doi: 10. 1002/ajmg. a. 33929

91. Okumura A, Yamamoto T, Shimojima K, Honda Y, Abe S, lkeno M, et al.
Refractory neonatal epilepsy with a de novo duplication of chromosome
2Qq24. 2q924. 3. Epilepsia . (2011) 52: e66-9. doi: 10. 1111/j. 1528-1167.

2011. 03139. x

92. Goeggel Simonetti B, Rieubland C, Courage C, Strozzi S, Tschumi S,
Gallati S, et al. Duplication of the sodium channel gene cluster on 2q24 in
children with early onset epilepsy. Epilepsia . (2012) 53: 2128-34. doi: 10.

1111/j. 1528-1167. 2012. 03676. X

93. Thuresson AC, Van Buggenhout G, Sheth F, Kamate M, Andrieux |,
Clayton Smith J, et al. Whole gene duplication of SCN2A and SCN3A is
associated with neonatal seizures and a normal intellectual development.

Clin Genet . (2017) 91: 106-10. doi: 10. 1111/cge. 12797

94. Reinson K, Oiglane-Shlik E, Talvik I, Vaher U, Ounapuu A, Ennok M, et al.
Biallelic CACNA1A mutations cause early onset epileptic encephalopathy with
progressive cerebral, cerebellar, and optic nerve atrophy. Am / Med Genet A .

(2016) 170: 2173-6. doi: 10. 1002/ajmg. a. 37678

95. Epperson MV, Haws ME, Standridge SM, Gilbert DL. An atypical rett
syndrome phenotype due to a novel missense mutation in CACNA1A. J Child

Neurol . (2018) 33: 286-9. doi: 10. 1177/0883073818754987

https://assignbuster.com/neuromonitoring-in-neonatal-onset-epileptic-
encephalopathies/



Neuromonitoring in neonatal-onset epilep... - Paper Example Page 43

96. Loonen ICM, Jansen NA, Cain SM, Schenke M, Voskuyl RA, Yung AC, et al.
Brainstem spreading depolarization and cortical dynamics during fatal
seizures in Cacnala S218L mice. Brain . (2019) 142: 412-25. doi: 10.

1093/brain/awy325

97. Jansen NA, Schenke M, Voskuyl RA, Thijs RD, van den Maagdenberg
AMJM, Tolner EA. Apnea associated with brainstem seizures in CachalaS218L
mice is caused by medullary spreading depolarization. / Neurosci . (2019) 39:

9633-44. doi: 10. 1523/JNEUROSCI. 1713-19. 2019

98. Larrivee CL, Feng H, Quinn JA, Shaw VS, Leipprandt JR, Demireva EY, et
al. Mice with GNAO1 R209H movement disorder variant display
hyperlocomotion alleviated by risperidone. J Pharmacol Exp Ther . (2020)

373: 24-33. doi: 10. 1101/662031

99. Danti FR, Galosi S, Romani M, Montomoli M, Carss KJ, Raymond FL, et al.
GNAO1 encephalopathy: broadening the phenotype and evaluating
treatment and outcome. Neurol Genet . (2017) 3: e1l43. doi: 10. 1212/NXG.

0000000000000143

100. Kovacevic J, Maroteaux G, Schut D, Loos M, Dubey M, Pitsch J, et al.
Protein instability, haploinsufficiency, and cortical hyper-excitability underlie
STXBP1 encephalopathy. Brain . (2018) 141: 1350-74. doi: 10.

1093/brain/fawy046

101. Abramov D, Guiberson NGL, Burré J. STXBP1 encephalopathies: clinical
spectrum, disease mechanisms, and therapeutic strategies. / Neurochem .

(2020). doi: 10. 1111/jnc. 15120

https://assignbuster.com/neuromonitoring-in-neonatal-onset-epileptic-
encephalopathies/



Neuromonitoring in neonatal-onset epilep... - Paper Example Page 44

102. Saitsu H, Kato M, Okada I, Orii KE, Higuchi T, Hoshino H, et al. STXBP1
mutations in early infantile epileptic encephalopathy with suppression-burst
pattern. Epilepsia . (2010) 51: 2397-405. doi: 10. 1111/j. 1528-1167. 2010.

02728. x

103. Stamberger H, Nikanorova M, Willemsen MH, Accorsi P, Angriman M,
Baier H, et al. STXBP1 encephalopathy: a neurodevelopmental disorder
including epilepsy. Neurology . (2016) 86: 954-62. doi: 10. 1212/WNL.

0000000000002457

104. Cogliati F, Giorgini V, Masciadri M, Bonati MT, Marchi M, Cracco |, et al.
Pathogenic variants in STXBP1 and in genes for GABAa receptor subunities
cause atypical rett/rett-like phenotypes. IntJ Mol Sci. (2019) 20: 3621. doi:

10. 3390/ijms20153621

105. Olson HE, Tambunan D, LaCoursiere C, Goldenberg M, Pinsky R, Martin
E, et al. Mutations in epilepsy and intellectual disability genes in patients
with features of Rett syndrome. Am J Med Genet A . (2015) 167A: 2017-25.

doi: 10. 1002/ajmg. a. 37132

106. Kwong AK, Ho AC, Fung CW, Wong VC. Analysis of mutations in 7 genes
associated with neuronal excitability and synaptic transmission in a cohort of
children with non-syndromic infantile epileptic encephalopathy. PLoS ONE .

(2015) 10: e0126446. doi: 10. 1371/journal. pone. 0126446

107. Deprez L, Weckhuysen S, Holmgren P, Suls A, Van Dyck T, Goossens D,

et al. Clinical spectrum of early-onset epileptic encephalopathies associated

https://assignbuster.com/neuromonitoring-in-neonatal-onset-epileptic-
encephalopathies/



Neuromonitoring in neonatal-onset epilep... - Paper Example Page 45

with STXBP1 mutations. Neurology . (2010) 75: 1159-65. doi: 10. 1212/WNL.

0b013e3181f4d7bf

https://assignbuster.com/neuromonitoring-in-neonatal-onset-epileptic-
encephalopathies/



	Neuromonitoring in neonatal-onset epileptic encephalopathies
	Introduction
	Neonatal EEG
	Multichannel vEEG
	Amplitude-Integrated EEG
	Continuous EEG Monitoring in Electrographic-Only Seizures

	EEG Monitoring in Neonatal-Onset Epileptic Encephalopathies
	EEG Monitoring in Perinatal HIE
	EEG Monitoring in Structural and Metabolic Neonatal-Onset EE
	Electro-Clinical Findings in Genetic Neonatal-Onset EE
	EEG Characteristics in Neonatal-Onset Channelopathies
	Neonatal-Onset KCNQ2 Encephalopathy
	KCNT1-Associated Epileptic Encephalopathy
	SCN-Associated Early-Onset Epileptic Encephalopathies
	CACNA1A-Associated Neonatal-Onset Epileptic Encephalopathies

	EEG Characteristics in Neonatal-Onset EE Based on Cell Signaling Disorders
	GNAO1-Associated Early-Onset Epileptic Encephalopathy

	EEG Characteristics in Neonatal-Onset EE Based on Disorders of Synaptic Transmission
	STXBP1-Associated Neonatal-Onset Epileptic Encephalopathy



	Summary
	Author Contributions
	Conflict of Interest
	Abbreviations
	References


