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Abstract;  The recognition of epileptic seizures in newborns is challenging as neonates exhibit a variety of paroxysmal

motor phenomena, some epileptic but others not. The distinction, frequently requiring video-EEG monitoring, is crucial for
management. Causes are often multi-factorial, specific to country/region, and change over time. Hypoxia-ischemia and
infection are still common in both developed and developing countries. Venous and arterial strokes are being increasingly
recognized. Treatable conditions, including inborn errors of metabolism, must be anticipated and considered early in the
course. Etiology is the principal determinant of outcome. Management is based on uncontrolled studies and expert
opinions. Information on neonatal seizures is reviewed, and suggestions for management provided. Phenobarbital remains
the first anti-epileptic drug of choice, worldwide. Pharmacogenetic information and hepatic or renal dysfunction will
influence doses of all drugs. The toxicity of excipients present in intravenous medicines should be kept in mind, especially
when infusions are given to critically ill neonates. Therapeutic trials with pyridoxine or ideally pyridoxal phosphate, folinic
acid and biotin should be considered early, if seizures are intractable. The management of electrographic seizures without

clinical seizures needs critical study. When anti-epileptic drug treatment is required, maintenance should be for a short

duration if seizures are of an acute symptomatic nature.

Key words: Seizure; Newborn

[ CLC number]R722 [ Document code] A

Introduction

The risk of seizures is relatively high in the first
month of life "'*) . In 1987, Mizrahi & Kellaway'*’
discussed the limitations of identifying and characteri-
zing neonatal seizures without simultaneous polygraphic
video-electroencephalographic ( EEG) recordings. In
1990, Shewmon'*! pointed out that a standard operat-
ing definition for neonatal seizures was lacking, and
that most studies to that time were “undermined by in-
adequate or inconsistent criteria”. Despite the prolifer-
ation of literature on neonatal seizures, Shewmon’ s

comments are still valid. Additionally, the challenges of
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differentiating epileptic from non-epileptic events, to-
gether with poor inter-observer agreement, even among
experts' | also confound published information.

") nationally

To our knowledge, with one exception
or universally accepted guidelines for the management
of neonatal seizures, are not available. Our aim is to
present an approach to management based on current
information. To do so, a review of the relevant back-
ground is essential.

A neonatal epileptic seizure refers to an abnormal ,
stereotypical clinical event, that results from an abnor-
mal * hypersynchronous’ discharge of neurones , loca-
ted in the cerebral cortices or thalami. The event is
most often relatively sudden in onset and self-limiting

( paroxysmal ). Abnormal paroxysmal clinical events
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arising from basal ganglia, brainstem, and cerebellum,
are generally not considered epileptic. Certain clinical
characteristics strongly suggest an epileptic seizure.
However, as in older children and adults, a definitive
diagnosis of an epileptic seizure can often be made only
when there is a time-locked, usually stereotypical,
EEG correlate to the clinical event. Polygraphic video-
EEGy is considered the gold standard test for differenti-
ating between epileptic and non-epileptic events' .
The absence of an EEG correlate to the clinical episode
suggests that it may not be epileptic; but this is not ab-

solute!> 71

, adding to the challenge for clinicians.
In this review, neonatal seizure refers to an epilep-
tic event. When the clinician is unable to determine if
an event is epileptic or not, then it is best to label it as
‘undetermined’ , until a more definitive diagnosis can

be made.
Factors contributing to risk

Factors reported to contribute to the risk of neonatal
seizures include: prematurity, birth weight <2500 g,
delivery =42 weeks, maternal age >40 years, nulli-
parity , maternal diabetes mellitus, intrapartum fever or
infection, especially chorioamnionitis, and catastrophic
delivery ( placental abruption, uterine rupture and cord

prolapse) "'

Clinical differentiation of epileptic from non-
epileptic events

Clinical judgment is essential in assessment*’. Non-
epileptic events that may be mistaken for epileptic sei-
zures are listed in Table 1, and have been discussed by

us " Jitteriness and tremor can be stopped with

[10,14-16] Benign neonatal sleep myoclonus

light pressure
should be suspected when the event occurs only during
drowsiness or sleep. It will stop promptly when the neo-
nate is aroused with a sufficiently painful stimulus """,

Apnea, especially related to prematurity, is unlikely
to be epileptic. However, if the neonate is unrespons-
ive to a painful stimulus during apnea, exhibits ocular
jerks, ocular deviation, eyelid contractions or pupillary

change, is full-term, and there is no alternative expla-

nation, then the probability of epileptic apnea is en-

hanced!'*"®

Table 1 Non-epileptic motor events that may be mis-

taken for neonatal epileptic seizures

Events Clinical details

Tremor May be fine (high frequency > 6 Hz; low
amplitude < 3 e¢m) or coarse (lower fre-
quency and higher amplitude ) ; jitteriness

refers to recurrent tremor.

Benign sleep myoclonus Myoclonus, often multi-focal, migrating,
during drowsy and sleep states only. Stops
on arousal with painful stimulus. May
worsen with light touch, sound or anti-epi-

leptic drugs.

Hyperekplexia Exaggerated startle to stimuli; associated
with generalized muscular rigidity; life

threatening apnea may occur during spasms.

Benign myoclonus of infancy Recurrent non-epileptic myoclonus while
awake ; neonate otherwise normal ; not usu-
ally provoked by stimuli.

Note: EEG normal during events; see Huntsman et al''*'3) for de-
tails.

Classification

Mizrahi®’’ and Lombroso'"’ classified neonatal
events, incorporating EEG information, building upon
the earlier observations of Rose' ™ and Volpe''™'®’.
Episodes with and without EEG correlate can occur in
the same neonate, and neonates may have more than

37200 Tonic posturing,

one type of epileptic seizure
especially when generalized, is rarely epileptic; the
tonic seizures in Ohtahara’s syndrome are an excep-
tion. Decerebrate (tonic) posturing is often intermit-
tent, and therefore mistaken for epileptic seizures. It is
often difficult to differentiate between clonic and my-
oclonic seizures; the rate of movement in clonic is slo-
wer than in myoclonic. Multi-focal clonic and myoclon-
ic seizures in neonates often migrate from one part of
the body to another, generally in an unorganized man-
ner. Various automatisms, especially of mouth and
tongue are seen frequently in newborns with diffuse
forms of brain injury, such as hypoxic-ischemic en-
cephalopathy ( HIE). Well formed generalized tonic-
clonic seizures and organized progression of a focal sei-
zure ( Jacksonian march ) do not occur in neo-

319200 Qee Table 2.

nates
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Table 2 Neonatal events, probability of their being

epileptic and clinical associations

Table 3 Etiology of neonatal seizures

Cause Age seizure onset

Probability of

. o Clinical associations
being epileptic

Events

High probability of being epi-
leptic *
(1) Consistently focal motor 100%  Usually focal structural lesion
(usually clonic but can
be myoclonic, tonic ),
including focal ocular
deviation, and hemicon-

vulsive
(1) Generalized asymmetric 100%  Metabolic/diffuse structural

tonic episodes

Metabolic; diffuse structural ;
EME; EIEE

(1i1) Generalized flexor spasms ~ 100%
(? myoclonic)

May or may not be epileptic *

(1) Multifocal clonic 50% Metabolic; diffuse structural
(ii) Generalized myoclonus or ~ 50%  Benign sleep; metabolic; dif-
multifocal myoclonus fuse structural ( example
HIE) ; EME.

Unlikely to be epileptic *

(1) Generalized symmetric Low IVH-grade 4 ; diffuse structur-
tonic or dystonic postu- al or Metabolic; often seen in
ring EIEE

(ii ) Other motor ( subtle; Low Usually diffuse structural
minimal ) repetitive
blinking; stare, oral,
buccal, lingual automa-
tisms (sucking; swallo-
wing)

(iii ) Generalized bicycling, Low Diffuse structural

pedaling, swimming
movements
(iv) Apnea Rare  If epileptic, associated with
other subtle features to suggest
epileptic event
(v) Combinations of above Mixed  Diffuse structural, specially

inborn errors of metabolism

Note: * based on EEG confirmation. HIE: hypoxic-ischemic en-
cephalopathy; IVH: intraventricular hemorrhage; EIEE:; early infantile
epileptic encephalopathy ( Ohtahara’s syndrome) ; EME: early myoclon-
ic epilepsy. Diffuse structural ; most common cause is HIE; however, dif-
fuse abnormalities of brain development, neurocutaneous syndromes and
inborn errors of metabolism also fall in this category. Probabilities are for

rough guidance.

Etiology

See Table 3. Neonatal seizures are often multi-facto-

11"). The relative frequencies of the various causes

ria
for neonatal seizures are country and region specific
and can change over time. Intracranial hemorrhage as-
sociated with hemorrhagic disease of the newborn
(HDN) , a disorder preventable with vitamin K admin-

istration soon after birth, is now rare in the west. A

Symptomatic

Infection
i) Antenatal ( AIDS/HIV; STORCH; TB) Any

ii) Post-natal

a) Bacterial meninigits Usually after the first

week
b) Viral encephalitis (especially herpes Usually after the first
simplex ) week

c) other: example malaria, TB. Rare in the newborn

d) Sepsis Any age
Hypoxic-ischemic encephalopathy Birth- 2 days
Birth trauma < 2 days

Post-natal trauma Usually < 3 days of

trauma
Vascular
i) Arterial stroke Variable
ii) Venous thrombosis/hemorrhage Variable
iii) Subarachnoid hemorrhage <2 days

iv) Intracranial hemorrhage Usually within 7 days

Metabolic

1) Simple metabolic (hyocalcemia, Usually 4th-10th day

hypomagnesemia )

ii) Simple metabolic ( hyponatremia, Usually after first week

hypernatremia)

iii) Isolated hypoglycaemia <3 days

iv) Pyridoxine related, including folinic- Intrauterine period to
acid responsive anytime post-natal
v) Other inborn errors of metabolism Variable (early to lat-

er)

Neurocutaneous syndromes Any time in neonatal
period

Congenital abnormalities of brain development Any time

Hours of birth < 2

days ; sometimes later

Maternal drug abuse/withdrawal syndromes

Toxic (example lead; antenatal exposure) Usually < 2 days

EIEE Any time

EME Anytime
Idiopathic/ genetic

Benign familial neonatal epilepsy syndromes  Anytime

Benign idiopathic neonatal convulsions 5th-7th day

Note: Only selected causes, listed, especially under " Metabolic"
Some inborn errors of metabolism are associated with abnormalities of
brain development, and both can present as EIEE (early infantile epilep-
tic encephalopathy) or EME (early myoclonic encephalopathy). HIV .
human immunodeficiency virus; STORCH: syphilis, toxoplasmosis, ru-

bella, cytomegalovirus and herpes simplex; TB: tuberculosis.

primary disturbance of mineral metabolism ( calcium,
magnesium, phosphorus) occurred in 55% of 75 neo-
nates with seizures admitted to a neonatal unit in Scot-
land in the early 1970s"*" | but is now uncommon in
western countries. These conditions, together with hy-
poglycemia, hypo- and hyper-natremia ( due to inap-

propriate formulae, errors in dilution and concentra-

.83 .
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tion, poor feeding; dehydration) should be considered
high on the list of causes for neonatal seizures in devel-
oping countries, especially rural areas. However, elec-

trolyte abnormalities may be secondary to etiologies

[20-21]

such as HIE or meningitis Maternal Vitamin D

deficiency or insufficiency, common among women
with inadequate exposure to sunlight or intake can be

associated with hypocalcemia and seizures in the neo-

[22-24]

nate Congenital hypothyroidism, a treatable dis-

. . 25
order, can present with neonatal seizures'>’.

. . .10
HIE is the most common cause in most series' ],

[2,11,12,26]

accounting for 35% to 70% of all cases . Two

of us (MMKS, KS) found HIE and hypoglycemia to be
common causes of neonatal seizures in the Chinese neo-
natal units we visited.

Infection is also a frequent and important etiolo-
y[m'“'%'m. Sepsis (60% ) and meningitis ( 15% )

accounted for 75% of 142 neonates with seizures from

]

a district hospital in Kenya'””!. Herpes simplex en-

cephalitis is another potentially treatable cause in neo-

[10,28]

nates Infective agents are often country and re-

gion specific

Maternal lead exposure can cause seizures in the

[29]

neonate Neurocutaneous syndromes such as tuber-

ous sclerosis, Sturge-Weber syndrome and incontinen-

tia pigmenti may present in the neonatal period with
3031]

selzures”

rare'**' Abnormalities of brain development, espe-

Tumors and vascular malformations are

cially cortical/hemispheric ( such as disorders of neuro-
nal migration, including hemi-megalencephaly ), can
result in neonatal seizures. However, abnormalities of
brain development, particularly migrational and of the
corpus callosum, may be clues to an inherited metabol-
ic disorder or chromosomal abnormality****"

New and important information on some causes of

neonatal seizures is briefly discussed below.
Inherited metabolic diseases affecting the nervous sys-
tem ( including mitochondrial

thies ™"

encephalomyopa-

Inherited metabolic diseases may be uncommon but
relatively under-estimated causes of intra-uterine and
neonatal seizures. In many, early diagnosis and treat-
ment can result in a normal outcome. Readers are di-

rected to two excellent reviews for details to approach

and management %"

Vitamin B6 ( pyridoxine) related epilepsy

Currently, four inborn errors of metabolism reduce
vitamin B6 concentrations in the brain'®**’. These in-
clude; hyperprolinemia type 2, pyridoxine dependent
epilepsy (PDE; antiquitin deficiency; mutation in the
ALDH7A1 gene ),
(PNPO) deficiency ( mutations in the PNPO gene )

and perinatal hypophosphatasia ( deficiency of aromatic

pyridoxine phosphate oxidase

amino acid decarboxylase). All present in the prena-
tal/neonatal period with status epilepticus (SE) or fre-
quent seizures that are often poorly controlled with anti-
epileptic drugs ( AEDs), or with encephalopathy re-
sembling HIE. In some, onset may be later in life.
There may be partial or temporary response to
AEDs. Once suspected, the diagnosis can be con-
firmed by response to pyridoxine or pyridoxal phosphate
(PLP) in PDE and only to PLP in PNPO deficiency.
For this reason, Wang and Kuo suggest that PLP
should be used preferentially. There is a clinical re-
sponse to intravenous ( IV ) administration within 15

. . 45
minutes 1n most[ ].

In suspected cases not showing an
immediate response, oral treatment should be contin-
ued for one to three weeks, an approach for which
there is no clear evidence. Doses are empirical. If sei-
zures remit with treatment, then stopping pyridoxine
(or PLP) will result in recurrence, and reinstitution
will cause cessation. This therapeutic trial supports the
clinical suspicion; testing for a-amino-adipic semialde-
hyde (elevated) in blood, urine or cerebrospinal fluid
(CSF) confirms the diagnosis of PDE. PNPO deficien-
cy may be associated with abnormal levels of cate-
cholamines, indoleamine, glycine, threonine etc. Low
or absent levels of serum alkaline phosphatase are diag-
nostic of perinatal hypophosphatasia. Demonstration of
the specific gene defect is definitive, and is advised
when there has been a therapeutic response to pyridox-
ine or PLP. Abnormalities of brain development ( corti-
cal dysplasia, agenesis of corpus collosum) , abnormal-
ities of the white matter and enlarged ventricles may be

found on MRI.
Folinic-acid responsive seizures

Affected subjects often present early in the neonatal

period with epileptic seizures, apnea and irritability.

.84 .
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Folinic acid-responsive seizures are now considered to

be identical to PDE, laboratory findings being simi-
lar ", 114

doxine in treatment of suspected cases: (i) IV pyri-

Gallagher et a stress the importance of pyri-
doxine 100 mg, followed by (ii) pyridoxine daily
30 mg/kg for three to seven days, (iii) “optionally”
combined with folinic acid daily 3 to 5 mg/kg, together
with a (iv) lysine-restricted diet.

Glucose transporter-1 ( GLUT1 ) deficiency syn-

drome'*”

Seizures, often multiple types, usually start in the
neonatal period, although diagnosis is frequently de-
layed. Dyskinesias may occur. The condition should
be considered in any neonate with poorly controlled sei-
zures. Biochemically, CSF glucose is < 2.5 mmol/L
(controls; 2.5-3.7 mmol/L) , the CSF: blood glucose
ratio <0.5 (controls: 0.5-0.8) and CSF lactate con-
centrations slightly low < 1.5 mmol/L ( controls: 1. 3-
1.9 mmol/L). The majority have mutations in the

SLC2A1 gene. Most respond to the ketogenic diet.

Familial neonatal epilepsy syndromes'***

Chromosomal and molecular genetics are identifying
an increasing number of familial neonatal epilepsy syn-
dromes. These neonates are often normal. Seizures
usually start around 3 days of age or later. Seizures are
generalized, focal or both, rarely tonic. EEGs are non-
specific. The majority remit within the first year. How-
ever, 10%-15% can develop epilepsy later; others
may associate with *febrile seizures plus’ and some
may have intractable epilepsy and cognitive dysfunc-
tion. Association with prolonged QT syndrome has been
reported. Hence, not all have a benign prognosis.
Presently, mutations, deletions and duplications invol-
ving the KCNQ2 and KCNQ3 genes are considered re-
sponsible for most cases; inheritance is autosomal dom-

inant, although denovo mutations may occur. Muta-

tions may differ between families.

Benign neonatal convulsions'"”’

These appear around the fifth day of life ( hence,
termed fifth day fits) , in an otherwise normal neonate.
Seizures are typically clonic and may be apneic. SE
can occur. The condition usually remits within the first

month ; neurodevelopmental outcome is normal. Some

cases may have molecular genetic defects.

Early infantile epileptic encephalopathy ( EIEE;
Ohtahara’ s syndrome) and early myoclonic epi-
lepsy (EME)

These epileptic syndromes have a characteristic clin-
ical presentation and EEG findings, burst suppression
being common. Tonic seizures occur in EIEE | and my-
oclonic seizures in EME. They are often symptomatic
to inborn errors of metabolism and/or abnormalities of

brain development”’" .

Seizures are usually intracta-
ble, severe neurodevelopmental dysfunction common

and the prognosis poor.
Stroke and neonatal seizures

With the use of computed tomographic (CT) scan-
ning, and magnetic resonance imaging ( MRI) , venous
and arterial strokes are being recognized as relatively
frequent causes of neonatal seizures'”"". The underly-

ing mechanisms are often multi-factorial or unknown.
Clinical clues to etiology

General Neonatal seizures due to a symptomatic
cause are associated with other features, which can be
clues to etiology: fever or temperature instability ( in-
fective cause) , systemic derangement, including meta-
bolic, renal and hepatic ( HIE, but also some inborn
errors of metabolism including pyridoxine related ) ,
dysmorphic features ( abnormalities of brain develop-
ment ; inborn errors of metabolism; chromosomal disor-
der) , cutaneous lesions ( neurocutaneous syndromes) ,
encephalopathy ( HIE, infection, and inborn errors of
metabolism ) ;focal signs such as hemiparesis ( stroke;
herpes simplex encephalitis, although encephalitis in
the neonate is usually associated with diffuse signs; he-
mi-megalencephaly). Cerebral venous thrombosis often
presents with generalized motor dysfunction and im-
paired consciousness, and the examination may be nor-
mal in arterial stroke.

should
suggest the possibility of primary hypocalcemia/hypo-

Seizures that occur in a “normal neonate”

magnesemia or a familial neonatal epilepsy syndrome;
If the

mother is known to have an infection [ acquired-immune

non-epileptic phenomena must be excluded.

deficiency syndrome ( AIDS), toxoplasmosis, cytomeg-

alovirus, herpes simplex types I & II], one should an-
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ticipate that the fetus may be affected. Seizures in
infants of a diabetic mother and those with intrauterine
growth restriction are often hypoglycaemic in origin.

Specific seizure type ( Table 2) Consistently focal
seizures suggest a localized brain lesion such as stroke,
infection or focal dysplasia. Epileptic apnea may be as-
sociated with focal temporal lobe lesions™®' or benign
neonatal convulsions. Multifocal clonic or myoclonic
seizures generally suggest diffuse structural disturbance
or metabolic cause.

Timing of seizure and etiology The timing may
provide a clue, but there is considerable overlap. See

Table 3[10,20,21,59,60: )
Clinical status epilepticus (SE) "

SE is rare in neonates, serial seizures being more
common. Both may occur with any of the causes of
neonatal seizures ( Table 3 ). Metabolic causes must
always be considered and excluded. HIE and intracra-
nial hemorrhage accounted for 66% of 106 cases in a
report from ltaly; transient metabolic disorders, inheri-
ted metabolic disorders and cerebral malformations
were responsible for 6% each'®. In our experience,
abnormalities of brain development ( example, lissen-
cephaly and hemi-megalencephaly) and inborn errors
of metabolism ( example, non-ketotic hyperglycinemia)
have been the commonest causes of poorly controlled
seizures, serial seizures and SE in neonates.

Benign neonatal sleep myoclonus, which occurs in
an otherwise normal neonate during sleep, can last 30

17]

minutes or more, mimicking SE' This can be ex-

cluded by waking the neonate with a painful stimulus.
History and physical examination

The history and examination should be standardized
for each neonatal unit, ideally regionally, to minimize
inter- and intra-observer variability. The general and
specific neurological examinations of neonates have

. . 10,63,64
been detailed in several references''®"®*

Maternal (and family) history

General health; illnesses ( example diabetes) ; pre-
natal care; sexually transmitted diseases ( behaviours

that render mother at high risk example sex-trade work-

er; multiple partners ) ; medications; substance use/
abuse; history and testing for toxoplasmosis, rubella,
cytomegalovirus, herpes simplex; consanguinity; eth-
nic background of parents; neurological and systemic
disorders in family, including neonatal seizures/ad-

verse events; fetal movements ( normal or abnormal).
Labor/delivery

Gestational age of baby at time; adverse events; du-
ration and mode; trauma; need for resuscitation; Ap-

gar scores; blood gases at birth.
Neonatal information

(i) Gestational age; (ii) Head circumference,
weight and length; may need to compare head circum-
ference of baby with that of parents; note that head
moulding and caput may give erroneous head circum-
ference. (iii) Blood pressure, respiration, pulsations;
(iv) Dysmorphic features; (v) Cutaneous abnormali-
ties; (vi) Evidence of trauma; (vii) Fontanelle, skull
sutures; (viii) Assessment of chest ( respiratory, car-
diovascular systems) and abdomen; (ix) Standard
neonatal neurological examination, including state and
level of consciousness, age appropriate behaviours,
cranial nerve, motor system and reflex testing. Deter-
mine if asymmetries, focal or generalized weakness,
abnormal posturing, and normality of movements and

posture for gestational age.
Events of concern

(1) Ideal to video, and even better to do standard
video-electroencephalogram during events; (i) De-
scribe events, and if they recur note if they are stereo-
typical i. e. , do they always have the same pattern;
(iii) any provoking stimuli, such as touch, handling,
suctioning, light, sound etc; (iv) Duration and fre-
quency; (v) Do they happen awake or asleep i. e. ,
state of neonate when they occur; (vi) how do they re-
spond to firm pressure, touch, arousal with painful
stimulus?; (vii) associated changes in pupils, heart

rate, blood pressure, respiration.

Investigations ( Table 4)

These should be based on the clinical diagnostic

.- 86 -
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possibilities of the case. Some of the tests will be de-

tailed below.
CSF examination

CSF examination is essential when infectious or in-

herited metabolic disorders are suspected. The charac-

teristics of the fluid can differentiate between viral and
bacterial infection. Gram stain, culture, and special
tests ( such as polymerase chain reactions etc) may

help identify the infective agent.

Table 4 Investigations

Investigation

Clinical situation

Hematologic
Complete blood count

Tests for acquired or inborn errors of coagulation

“Simple biochemical” (blood) *
Urinalysis

Blood gases

Urine/blood culture, CSF culture/viral studies

Tests for specific infections ( HIV; TB;malaria etc)

CSF examination ( cell, protein, glucose, culture) * *
CSF/blood glucose ratio ™ *

CSF/blood/urine examinations: lactate; special metabolic studies

Aminoacids and organic acids in blood and urine

Toxicology screen (infant and mother) ,blood and urine
Screen/test mother for infection (viral, HIV etc) * * *
Chromosomal studies (including for microdeletions )

Electroencephalogram ( ideally, Video-EEG)

Continuous Video-EEG

Amplitude integrated EEG (1-2 Channels)
Radiologic

Plain xrays skull

Ultrasound

CT Scan

MRI Scan
MRI brain with MRA and MRV

MRS (brain, muscle, blood, CSF)

Skin, liver biopsies

All

As clinically suspected or if ultrasound of the head /MRI scan
show venous or arterial stroke

All

All

Routine in critically ill neonate or to assess acid-base status as

clue to some inborn errors of metabolism
When infection suspected

Based on clinical suspicion

Suspected infection

Bacterial meningitis; glucose transporter deficiency

Certain inborn errors of metabolism

These may be routine for all newborns in several countries; oth-
erwise if clinical suspicion

If maternal substance abuse is suspected

If suspected in neonate

Based on clinical suspicion
Essential in all neonates suspected of having neonatal seizures

Suspect serial seizures or status epilepticus or when high doses of
depressant drugs are being given

See text

If skull fracture suspected

Excellent screen test

Excellent for identifying blood and skull fractures ( bone win-
dows ) ; however, radiation dose high for developing brain; hence

use with caution and do not repeat unless there is no alternative

Ideal test to assess all aspects of brain anatomy

When vascular suspected (include if cause of neonatal seizures
not obvious)

Especially for certain inborn errors of metabolism

For certain inborn errors of metabolism

Note: * " Simple biochemical" ; Blood glucose; serum calcium, magnesium, phosphate, and sodium; blood urea, creatinine, lactate ,serum alkaline

phosphatase; * * Blood glucose must be done near simultaneously with collection of CSF so the blood/CSF glucose can be calculated. CSF Pressure may

need to be measured if raised intracranial pressure is suspected; * * * includes testing for syphilis, toxoplasmosis, rubella, cytomegalovirus, herpes sim-

plex.

In suspected metabolic disorders, blood for glucose,
lactate and plasma amino acids, and urine for amino
acids and organic acids should be obtained. Tests on a
CSF sample can be diagnostic in a number of inherited

metabolic disorders; CSF samples should be obtained

for glucose, lactate, amino acid analysis, and special
studies such as quantifying neurotransmitter metabo-
lites; a sample should also be stored for future analy-
ses. Blood glucose (lactate and aminoacids) should be

checked at the time of lumbar puncture, so that the

.87 -
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CSF/blood glucose ratio can be determined. In the ab-
sence of infection, a ratio of < 0.5 strongly favours
GLUT1 deficiency. In the absence of meningitis, an
elevated CSF lactate suggests a mitochondrial disorder.
Elevated glycine in the CSF is diagnostic of non-ketotic
hyperglycinemia.

Neuroimaging

An ultra-sound is a simple yet informative cost-effec-
tive bedside test that can be done at the bedside. MRI
is the investigation of choice if HIE, stroke, inborn er-
ror of metabolism, neurocutaneous syndrome or abnor-
malities of brain development are suspected. MR angi-
ography and venography should be done if a vascular
cause is suspected. MR spectroscopy of the brain,
muscle ete. , can help diagnose inborn errors of metab-
olism. Discussion with the pediatric neuroradiologist is
mandatory so that the appropriate techniques for the
clinical situation are used. Plain X-rays of the skull
and CT scans are useful if skull fracture, intracranial
calcification, craniosynostosis or intracranial haemor-
rhage are suspected. They should be performed only if
necessary because of exposure to radiation; radiation
dose, especially cumulative, can be minimized without

.. . .. [6567]
compromising image quality .

Electroencephalography ( EEG)

Conventional EEG  The fundamentals of neonatal EEG
including technical aspects, recognition of normal and
abnormal patterns (in the preterm and term infant) ,

and interpretation have been discussed in two mono-
68691

graphs' The recording should be polygraphic
i. e., electroculogram, electromyogram, electrocardio-
gram, respiration (nasal and abdominal) must always
be included; one or more mid-line electrodes ( Cz
mainly; Pz and Fz optionally) must be placed; a full
array of electrode placements is recommended ; howev-
er, if it is not possible to use a full array, then a re-
duced montage using nine electrodes has > 80% sen-
sitivity and specificity for detecting electrographic sei-
zures and background abnormalities'™’ ; the recording
should be done through an entire sleep-wake cycle
(typically 1 hour) ; reaction to sound, light and painful
stimuli should be noted, as should changes in behav-

iour, posture, clinical state. Video-EEG has become

the gold standard when neonatal seizures are suspec-
ted (711 172]

standards for recording and interpreting neonatal EEGs.
Continuous polygraphic EEG (ideally video-EEG)

monitoring is essential when: (i) neonates are coma-

Cherian et a have recently discussed

tose, (ii) treated with neuromuscular blocking agents
or (iii) during neurointensive treatment of intractable/
refractory seizures.

EEG patterns can be diagnostic of etiology and in
prognostication, serial EEGs being especially helpful.
Amplitude integrated EEG ( aEEG)
EEG requires technical and neurophysiologic expertise ,
which is not usually available 24/7. Therefore, aEEG

(also called cerebral function monitor; CFM) is being

Conventional

used increasingly in many neonatal intensive care units
(NICUs) ™. In an European survey, all respondents
“routinely used aEEG” 7

aEEG is very helpful for assessing background activi-
ty and trends over time. However, because the record-
ing is limited to one or two channels, asymmetries and
electrographic seizures can be missed, and contamina-

[72]

tion by artefact can confound interpretation-'. In one

study, one or two channel aEEG alone had low sensi-
7. aEEG may

be useful for assessing and following generalized abnor-

tivity and low inter-observer agreemen

malities of the background, especially when high doses
of depressant drugs are used. One or two channel

aEEG is inadequate for detecting all ( electrographic )
[7576

seizures, since the coverage is limited ”™'. A conven-

tional EEG should always be performed if the findings

72,76
[ !, Freeman

77]

are likely to affect therapeutic decisions
has cautioned against the uncritical use of aEEG!
Automated methods to reliably detect electrographic
seizures on aEEG are being explored”'.

FElectrographic seizures  The increasing use of aEEG
has led to a renewed interest in neonatal electrographic
seizures. Most of the information is from cases with
HIE. Electrographic seizures, typically have an abrupt
onset and offset, and consist of a repetitive sequence of
waveforms which evolve in frequency, amplitude, elec-
trical field, and morphology, lasting 10 seconds or

8]

more ®'. These often include delta, theta, alpha and

beta rhythms.

In one study, 80% of electrographic seizures were

]

not associated with clinical correlates'™’. Electro-

. 88 -
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graphic seizures occurred in 1% of 1200 neonates con-
sidered high risk for seizures'™’. These often last < 9
minutes but recur serially, although electrographic SE
may occur ***" . Fifty-six (48 with HIE) of 311 neo-
nates monitored with aEEG had SE; of these, 28

17 The onset of

(50% ) were electrographic alone
clinical and electrographic seizures with HIE depends
upon the timing of the insult but generally occurs < 24
hours of age; electrographic seizures in those with HIE
almost always stop by 72 hours of age'®’. Clinical and
electrographic seizures can be associated with increased

cerebral blood flow'®®

Figure 1 Clinical and EEG seizure Rhythmic spikes

(arrows) at 1 Hz (C4,T4) associated with eye opening and staring.

Figure 2  Electrographic seizure Rhythmic spikes (ar-
rows and in the entire channel) at 3Hz (C4,T4, R EOG) No
clinical change seen on simultaneous video EEG recording.

REOG : Right electro-oculogram.

The term ¢ electroclinical dissociation’ has been
used when clinical and electrographic events occur syn-

chronously on some occasions but are dissociated at

%41 ¢ Uncoupling’ , or *decoupling’ de-

other times
scribes the situation, often after administration of an
AED, when the clinical component of an epileptic sei-
zure stops but the electrographic one persists'®*’’.
Examples of an epileptic (i.e. , clinical and electro-
graphic) seizure and electrographic seizure alone are

shown in EEG figures 1 and 2 respectively.

Outcomes

Some research has shown that etiology is the major

) 19,21,85
determinant of outcome’ 1

There is conflicting
evidence regarding the role of seizures influencing the

86-87]

outcome of neonates with HIE! The relationship

between electrographic seizures alone and outcome is

1119-77.80.88901 © The duration of electro-

also controversia
graphic SE did not correlate with outcome in neonates
with HIE"*".

Readers are referred to the papers by Jensen and

Lombroso for details!>**"" .

Experimental studies sug-
gest the following; seizures have lasting effects on fu-
ture seizure susceptibility and outcome ; the occurrence
of seizures or hyperthermia on a compromised neonatal
brain contributes to brain injury, and normalizing tem-

1929] " These animal data have

perature 1is protective
been used to argue for aggressive pharmacological man-
agement of electrographic seizures.

On the other hand, phenobarbital, diazepam, phe-
nytoin, and valproic acid, have deleterious effects on
brains of experimental immature animals'>’. Hence,
caution should be exercised in attempting to abolish
electrographic seizures in neonates, until risk-benefits
have been evaluated. The newer AEDs have not been

studied adequately.
Treatment

See Figure 3. Our philosophy is similar to that out-
lined recently by Sankar et al'”’’. Antenatal preventive
measures include management of maternal high risk
factors for neonatal seizures. Peri- and post-natally,
common and treatable causes must always be anticipa-
ted and excluded; if there is any doubt to their pres-

ence, then appropriate treatment should be started un-

. 80 .
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til the diagnosis is confirmed or excluded. This applies
to conditions like hypoglycaemia, bacterial meningitis
herpes simplex encephalitis, and certain inborn errors
of metabolism, where failure to institute treatment early
can result in morbidity and mortality. It is standard Ca-
nadian practice to strongly recommend administration of
Vitamin K (intramuscularly 1 mg for those > 1500 g

and 0.5 mg for <1500 g) within 6 hours of birth, to

prevent hemorrhagic disease of the newborn. The step-
wise approach summarized in the flow diagram is in
keeping with current information summarized below.

8] There

is variation between pediatric neurologists and neonato-

There are no randomized controlled trials

logists and among themselves, even in our centres, on

including choice of AEDs

[99-102]

various facets of treatment,

and duration of prophylaxis

[Clinically suspected neonatal seizures|
I

v v v

' v

/phenytoin

ABCs Maintajn it CNS lood glucose, electrolyies; Investigations Video EEG
ADLS normothernia L. 2 ’ g L. - (ideal)
Infection 1s supected ~trea Ca, Mg (as clinically indicated)
until excluded
Normal &
seizures
(ontinue
Correct Abnormal Events (()nslderﬂ] epileptic
(ideally confirm with EEG)
Events stop: Continue
maintenance
EEG .
e : ' EEG non-epileptic
If seizures continue; ensure

v Fos]{)henytoin / phenobarbital and phenytoin l

levels are therapeutic

Discontinue antiepileptic treatment|

4

Seizures

continue

IV pyridoxine/PLP
continue

Investigate  for inborn

Investigate for underlying cause

errors  of  pyridoxine

IV lorazepam,

metabolism

Seizures stop

midazolam
lidocaine

or

Seizures

continue

Investigate further for folinic
acid responsive seizures and bi-
otinidase deficiency

Figure 3 Management of clinically suspected neonatal seizures

Assess for:

Intracranial ~ structurall
lesion and inborn error
of metabolism

¥
Treat if present & possible

Treatment for bacterial infection, herpes simplex

encephalitis, inborn errors of metabolism should be instituted at the outset if these are suspected, in addition to treating seizures symp-

tomatically. At every step, It is crucial to ensure that events are epileptic (with an EEG) ; EEG confirmation is absolutely necessary

before proceeding to treatment with midazolam or lidocaine infusions;

these should be done under EEG monitoring. ABC: attention

should constantly be paid to ensuring adequate Airway, Breathing ( normal blood gases), Circulation ( blood pressure and perfusion

pressure) and homeostasis in general ie normal electrolytes etc. Note that global or regional (head) hypothermia is currently advised

for those with hypoxic — ischemic encephalopathy. PLP: Pyridoxal phosphate.

Hepatic and renal dysfunction will decrease the
clearance of most AEDs. Hence, doses have to be re-
duced in these situations and drug levels monitored to
guide therapy. Thus, Gal et al''™’ found that asphyxi-
ated neonates required about half the maintenance dose
of phenobarbital when compared to non-asphyxiated ne-
The half-life

of phenobarbital is 1 day-3 days even in healthy neo-

onates, to achieve similar plasma levels.

nates and longer in those with hepatic/renal dysfunc-
tion. Therefore, levels done within the first few days of

administration may not reflect steady-state.

Initial approach

Among the AEDs, despite concerns about its adverse
effects on the developing brain, phenobarbital is still
80%

the first choice of over world-

- 90 -
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wide! 6100097 100104107) £foot centres use a loading dose benzodiazepines included, contain potentially toxic ex-

of 20 mg/kg IV. If seizures persist, then additional do-
ses (typically, maximum total of 40 mg/kg, lower in
severely asphyxiated neonates) can be given to achieve
phenobarbital levels of 40 to 50 wg/mL. Although lev-
els of 60 pwg/mL may be tolerated by an individual neo-
nate, the maximum benefit seems to peak at levels of
40-45 Mg/mL[los’mg] , and significant side-effects are

10]

likely at higher levels'

What if phenobarbital (serum level 40-45 pg/mL)
is ineffective?

Phenobarbital alone is ineffective in about 15% -
50% cases ™" depending upon level achieved,
etiology and definition of seizures. It is essential to
confirm that the events are epileptic and exclude meta-
bolic causes before adding another AED. Choices, de-
pending on the clinical situation, include phenytoin
(fosphenytoin is ideal in neonates because of its lower
side-effect profile; however, it is more expensive, but
is our preferred option) , lorazepam, midazolam, lido-
caine, topiramate, and leviteracetam, most of them off-

Hi216] - The order in which these are tried cur-

label use
rently varies between individuals and centres. In Eu-
rope, the first choice is phenobarbital ; the second add-
on is either midazolam or clonazepam, and if seizures
are still refractory then lidocaine, all given V'™

Co et al'®’ advocated phenytoin as the second
choice, and diazepam or lorazepam as additional op-
tions. The Indian Academy of Pediatrics also suggested
phenytoin as the 2nd choice, followed by lorazepam or
diazepam, and then midazolam as infusion, with a trial
of pyridoxine to follow, presumably if seizures contin-
ued'®,

nytoin (fosphenytoin) is recommended only for acute

Because of its unique pharmacokinetics, phe-

treatment and generally not for long term maintenance.
The cardio-toxicity of phenytoin may be increased with
cooling; hence, phenytoin should not be given when
hypothermia is used in management ( Guidelines:
NICU, Children’s Hospital,
should be exercised in the dosing of all AEDs during

Caution

Winnipeg ).

cooling because of altered pharmacokinetics.
Beware of the toxicity of excipients in drugs!

Excipients are substances that are added to an active

drug for a variety of reasons. Many IV medicines,

cipients like benzyl alcohol, propylene glycol and hy-
drochloric acid. The actual excipient in a medication
can vary from country to country. Physicians should be
familiar with the excipients in the drugs they use. Neo-
nates, especially critically ill ones, can be exposed to
toxic amounts of excipients through continuous infu-
sions. In one study, neonates received 21 and 180 times
the acceptable daily doses of benzyl alcohol and propyl-
ene glycol respectively; midazolam and lorazepam were

7] Neonatal

118]

involved in over 66% of such exposures''
deaths from benzyl alcohol have been reported'
Deleterious ‘ refractory’ metabolic acidosis, attributed
to hydrochloric acid, has been associated with midazo-

. ERRIL
lam infusion' """,

Which benzodiazepine is the preferred one?

Cost, availability and individual clinical situations
determine choice. Lorazepam has a longer half life than
diazepam or midazolam. Hence, administration is less
frequent and dosing is intermittent. Therefore, cumula-
tive exposure to toxic excipients is minimized. It may
be the preferred benzodiapine in most cases.

Diazepam may be the cheapest of the benzodiaz-
epines but has a short half life, very narrow therapeu-
tic/toxicity window and potentially greater depressant
effects, especially when higher than recommended do-

10:120]

; cardio-

ses are given or phenobarbital also use ;

respiratory arrest may be precipitated. We no longer
use diazepam in our nurseries. Volpe and Sankar et al
also recommend its avoidance' """

One of us (KS) also advises against the use of mid-
azolam as it has often to be given as an infusion, expo-

sing neonates to potentially toxic levels of excipients.
Other options

In one review, the combination of phenobarbital
(maximum 40 mg/kg) and drugs such as midazolam,
clonazepam, lorazepam, phenytoin or lidocaine, for
the treatment of EEG proven seizures, achieved seizure
control in 43%-100% ""*'".

It is unclear at what stage topiramate and leviterace-
tam should be used (i.e., 2nd line, 3rd line or 4th
line) ; precise dosing for them is also uncertain. Topi-
ramate has to be given orally as does leviteracetam (in

countries where the IV formula is not available), a

.91 .
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limitation in critically ill neonates in whom absorption
of orally administered drugs may be compromised. Lev-
iteracetam has been used orally and IV in a limited
number of neonates with seizures; doses have ranged
from daily 10mg to 115 mg/kg "*""*"*'>! " The use of
leviteracetam and topiramate in the neonate needs sys-
tematic study, and dosing based on pharmacokinetic
principles firmly established. Additionally, information
on one web-site suggested that keppra (one brand of
leviteracetam ) concentrate for infusion contained po-
tentially toxic excipients like sodium acetate and glacial
acetic acid.

Valproic acid is an effective AED for recurrent sei-
zures and SE. However, it should be used with ex-
treme caution because of the relatively high risk of fatal
hepatotoxicity in neonates (as in children < 10 years
of age) , especially with polytherapy and if there is an
underlying inborn error of metabolism.

The agents commonly used for neonatal seizures are
listed in Table 5. Pharmacogenetic factors ( genetic
makeup that determines beneficial and adverse effects
of drugs on an individual ) , and systemic derangements
influence dosing. Therapeutic drug level monitoring,
including determination of free levels should guide ad-
ministration. Hence, treatment should be individual-
ized for each neonate. Bumetanide is being evaluated
in animal models but caution is advised in applying the

limited information to humans' .

Management of intractable epileptic seizures or SE

When epileptic seizures ( clinical with electrographic
correlate) fail to respond to adequate doses (and lev-
els) of two AEDs, then they can be termed refractory
or intractable. Further management, requires a high
level of medical and neuro-critical care support. AEDs
become less effective the longer a seizure lasts, benzo-
diazepines being the best studied'®'".

It is important to ensure that the events are epilep-
tic. In this situation, EEG confirmation is mandatory.
Additionally, a metabolic cause, both simple mineral
and inherited disorders such as pyridoxine related,
should be excluded. An MRI should be obtained (if
not done so earlier) to determine if there is evidence of
abnormality of brain development or an inborn error of

metabolism. The presence of the former does not ex-

clude the latter. Any suspicion of an inborn error of
metabolism requires the stepwise approach proposed by
Prasad and Hoffman'””'. EEG patterns can be diagnos-
tic in a number of disorders, including non-ketotic hy-

perglycinemia and GLUTI1 deficiency.

Table 5 Agents used in the treatment of neonatal sei-

*
zuares

Agent Loading dose Maintenance/ information

Phenobarbital 20 mg/kg; further loads to a Based on level and need
maximum of 40 mg/kg

Phenytoin 20 mg/kg Based on level and need

Fospheny- 20 mg/kg phenytoin equiva- Based on level and need

toin lent

Diazepam  0.25 mg/kg Rapid clearance; short
lasting effect; depressant
especially with phenobar-
bital H
may provoke cardio-re-
spiratory arrest. Use only
if no alternative. Only
single dose.

Lorazepam  0.05 to 0.1 mg/kg 8 hourly if needed

Midazolam 0.2 mg/kg 0.1 to 0.4 mg/kg/hr

Lidocaine 2 mg/kg 2- 6 mg/kg/hr

Topiramate  Insufficient information to make
recommendations

Leviterace-  Insufficient information to make

tam recommendations
Pyridoxine 100 mg Daily 30 mg/kg
Pyridoxal 10 mg/kg Daily 10 mg/kg
phosphate
Folinic acid 3-5 mg/kg/day p. o. Same
Biotin 5-10 mg p. o Same daily

Note: Doses are guidelines. Pharmacogenetic considerations and
systemic derangements ( example, renal, hepatic) will influence individ-
ual dosing. Consult current pediatric/neonatal drug dosage handbooks for
dosing. Therapeutic drug level monitoring should be done wherever possi-
ble; free levels to be monitored for drugs that are highly protein bound.
Unless otherwise stated, administration is intravenous. p. o; oral adminis-

tration. Please see text for details.

A therapeutic trial of pyridoxine ( ideally PLP)
should be done before adding a 3rd AED. If seizures
are refractory to three AEDs then one may need to con-
sider infusions of midazolam or lidocaine. If they are
still refractory then a more prolonged trial of pyridoxine
or PLP, folinic acid and biotin should be tried if the
etiology is undetermined. Lidocaine is contraindicated
in those with congenital heart disease, cardiac aryth-

116]

mias and if phenytoin has been given earlier' It is

essential to have continuous EEG monitoring in this sit-

.92 .
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uation. We do not advocate midazolam or lidocaine in-
fusions for clinical events that do not have an electro-
graphic correlate.

Neonates in whom seizures relapse once neuro-inten-
sive care is withdrawn, or whose clinical epileptic sei-
zures remain refractory despite adequate treatment with
two AEDs and trials of pyridoxine/PLP, folinic acid
and biotin, should be evaluated for surgical treatment,
provided an inborn error of metabolism has been con-

clusively eliminated.

Management of electrographic seizures without

clinical expression

Glass & Wirrell ! suggest that “ aggressive treat-
ment” of electrographic seizures “will be proven to be
warranted”. However, the notion that electrographic
seizures in the human contribute to brain damage is
disputed'”’. There is no consensus or evidenced-based
management on this issue. Most observations have been
in neonates with HIE. Electrographic seizures in this
situation generally resolve within 72 hours making it
difficult to judge effect of treatment.

Standard doses of phenobarbital, phenytoin or both
abolished or reduced electrographic seizures by 80% in
66% -80% of cases*"'""1?"

use a combination of these drugs for seventy-two hours

Therefore, some experts

if electrographic seizures are detected in those with
HIE. In a small sample of neonates with HIE, there
was no significant reduction in electrographic seizure
duration using a stepwise treatment protocol that in-
cluded phenobarbital, lidocaine or midazolam, clonaz-

126] " AEDs have adverse effects

epam and pyridoxine
on the developing brain. Therefore, randomized con-
trolled trials are needed, especially in the setting of
HIE to determine if abolishing electrographic seizures
results in improved outcome. Pentobarbital is often ef-

fective in suppressing electrographic seizures in infants
and children"®';

; we are not aware of data in neonates.

Such treatment is often associated with systemic and

hemodynamic side-effects.
Temperature control and hyperthermia

Hyperthermia is deleterious. Hence, a target ab-
dominal skin temperature of 36. 5°C should be main-
tained. Whole body or regional (head) induced thera-

peutic hypothermia can improve the outcome in select-

ed cases of HIE''"/.
Evolution and follow up

Neonatal seizures in those with HIE and intracranial
infection (i.e. acute symptomatic) , self-limit within a
few days. In this situation, AEDs should be discontin-
ued shortly after such remission, often prior to dis-

] AEDs may have to be continued longer in

charge'
those with abnormalities of brain development, as the
risk of seizure relapse is high. In cases with benign fa-
milial epilepsy syndromes, an attempt could be made
to withdraw treatment after 3 seizure free months; some
suggest that treatment should be continued as long as

the EEG shows epileptiform abnormality. There is no

evidence for either approach. Neonates with seizures

should be followed up into childhood.
Conclusions

The challenges of differentiating epileptic from non-
epileptic ( especially motor ) behaviours continue to
confound clinical practice, especially since both often
co-occur. Careful clinical assessment must guide man-
agement. Conventional EEG, especially video-EEG, is
an essential tool for best management practice. Each
geographic region must develop its own data base of
causes for neonatal seizures so that preventative strate-
gies and uniform approach to management can be
adopted.

CAUTION! Drug information changes rapidly.
Hence, readers are advised to check the current infor-
mation about the drugs mentioned in this paper relevant
to their patient population for contra-indications, drug-

interactions, doses, side-effects etc.
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1M PNPO = Xt PLP A S0 o PRI, PREE ISP #2
DLICHET PLP A MM B, 2 B0 Bl 7E# KT 25 15 min
WA IR RRCR o WAR 255 s 22 1= 25 )R R,
FHZG 21 A W RS IR R AT S8 o ARG 8 L DR A0
FW(CSF) o - F AT —HRFREK-F- T i AT 8 2 PDE 2
Wr. PNPO = nJ RES JLASI I I | H- 28 R A5 R %5
KVFSFEA K MR BB A 2 B, LY
MW A El PLP Jf Y7 A SONIN i SUSCRE PRGN o Sk MRT A]
VAT I 6 8 e I B R BN R ODFIR IR B A4 e

3P R B2 J R T R R

A USRI i & AR TR 5 R0 2 ok . BRI
iz PDE AHR], S8 = 25 2 {pl, Gallagher 4558 1 L
MOREIRYT AT BER 1 (1) NMEPSEE 100 mg, IV; (i) 4k DL &R
30 mg/kg,3 ~7 d; (i) “HEREM BV ERER 3 ~5 mg/kg;
(iv) [l 25 DARRAS SR IR £
BEMEIEHERD - 1(GLUT - 1) REAE S

W HE LRI 0p k2R Z RSB R, (HAS Wi
IR, WRERAEZ SR IE . AR L B DL ] A 50K
FR N AR o A4k 75 T, CSF A58 <2.5 mmol/L (IE %
2.5~3.7 mmol/L), CSF: Ififf L& <0.5 (IE%7: 0.5 ~0.8) ,CSF
AW < 1.5 mmol/L (IEH: 1.3 ~1.9 mmol/L), KEHH
SLC2A1 BERZE7E , KR I3 A BR B U o
KRR EILBBEESHE

A L AR IR, — AR S 3 d oA UK, (H AR AT
REFE 3 d LIS . Bk T L2 4 B M o Jm) Rt 1k 1 o 2
AR SR BN, EEG R Rk, R ASTES 1
TENERANH 10% ~15% B9 N2 K 8 BUIORT ; 4 45 0] fE
FE R NI, 174G 8L 1] R B PR A B . A
R QT ZEAAERIGE , I AAS B BT IO BIARSS = R 47
KRS 5 KCNQ2 F KCNQ3 KR 12878 2k A2 A
K PR BIERAL BRI R R, AFRREAE
A5 AHHE
R4#T 4 LR

G S d ZEA KR X FR S AR, i 5 e . 4
BRI AR R A A IR R PR T 45, B B R R SR A
(SE) o 15AEASE 1A HWIELL WA EEIER . 385396
=pu:g gl

PHZ)LEHMERRS (EEE; XERE&SEME)
FHAMNBEZEEE( EME)

TR BEIOR £ 45 A HL AT R AE 4 19 1 PR R BN EEG % B
(BRRAMKIPIY ) o EIEE H ULSR B UK , 17 EME % UL LR 22
Rl o WA TS RMEA BREE R I A 7 57 HORER , PO
MELLFE B WL H M 2 A T RS BUS 22
H RUAD T A LR BR

Bl CT 45505 MRI [t B, sl bk b KU A L Aat
FRARGS A5 A B D PR I 4 AR . LR 1 AN AE

TR BB IR R & R

BT LB P A FL b PRI AR, ATV D P28 0 IR 9 2
R SRR AR E (G 5 e B DI REEAL, t s AU
JIFUIRE (HIE SSRGS indE/E = Bo k=) s RATEAS
(i 2 S0 e R 3 e GBI ) 5 BEIRAR (i
ZRIREFEAE) s i (HIE &G SE RS ) 5 ik

.08 .
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LA ARAE (Hh X B2 B 8 (BT ) o e ok I A
FERUHE T BN A B Pk A3 Bl 2K 98 AT R R, 2l ik b XU
AIREIET o

Ay 75 T 22 B IE A8 A L S BRI IR 1z 2 A B AR ES
MLAE /AP 8 ML B W T A L ARUIR 25 45 11 119 1T R, (L 6 23
HERRARMEPE SO . SR O R ig g (30 5 2 duis B
AR MG T AR 2 R 1 B 11 TR |t I % AR B R
R LB RTRE . /T i i L st PR £ 535 2L LA LB N R
T3 RIS AR LSRR PR U 5 [

R FFERT (SE)

SE £ AL JLAR D WL 10 12 52 1A ik B8 DL, ) 5 T AL
FARBRAAE T — o N o — % 2 A8 B R 7 HEBR
FRAIE 106 ] SE Hf HIE F1/5A H 1ML 66% , i #EAR
AL JRAACHN IR % 2 6% o e kAT 250,
JE e (Ao i 1m0 e JE A0 — 0] I 0 w12 ) AR A 36 S 4 (4
FRBRAE 5 2R MUAE ) A2 A2 JLMEIR PR BB 1 S 1R 1tk A SE
114 5 5 LR

wE

Fo % i (CSF)

HVRBERG s L AU AL 7 2ok & CSF. 522 [%
Yefs, KR IR AARRERAI (40 PCR) A B T W4 S PRI e S
TSR AR ZE AL, B2 19 [ B o7 32 A i A 36 i A | 2L IR
QAIETR T BRI A R AN HLIR . B CSF fobl LR Nl
3 BRI HTo B F AT LU 2208 A I E . 3T CSF
B/ LW U AR, JCREE I, A b fE <0. 5 W5 2478 GLUTL Gkt
Wi BEA MBS I, CSF i FLER T iy 4 7R Lok 1A 7t 3. CSF
HH 2R RSP T P2 WA R IR o R LA

MEHBGERE

S AR P AR Ry — A TR B 1 S (E RIS AR 28 i 1
AIEF VUKD B . IR ARBE HIE b XU S8 KA
2 BRER G AR BN A 7 5, AT PR MRL, PR BE I A
JE P MR L T S AR AR BKIE R AR . I LA 45 MR
JeRE A B T RS W RS W o IR A A
I N EGAE AR L P P I, R A T e CT 4
RARN.

EEG

W H EEG

EEG )i o4 Z FiC 5%, Bl A fE IR i P LA AT O L 1
FINFHRE P (BRI ) 5 AU — D a A A il (32
B Cz 5 JEFE Pz M Fz ) 5 AR BUMCE —BEHERIAR; DALy
SERE I BENR — SE R 5 1) (ML R 1 /D) G2 6 A Ol R
TR R S L AT 34 R ROIR 25 B 22 A6 25 5 PR BE 13t
BRISE, B - EEG & 2 12 Wi hrifi

TGO E LM 2 1 EEG (FAf & -EEG)

(1) Baks (ii) WA 22 UL A BRI 7005 B0 (did) i f/mt [ 1
Ko

EEG 530 R 2 W7 K 7 3505 1) B8 3, i 2k EEG L
HAH
RE#% 4 EEG (aEEG)

WML EEG F BEEOR SR R 28 A B 2 1 52, AR M
3. Fr LAV 2 NICU MR Z 0 ] aBEG o aEEG 1 5
PR — Ik, SR TSR A T I XIS (P3 A1 P4 ) s BUAE
WA 2 K T o aEEG X FIPAL 8 515 Sh A Ak 3 F
e RPN R R BR T — s~ T 15, AN X AR 14 % F P
RAFATRERGE I o DO B AR, — 2P B aEEG X T8
BT 1 O L I BA AN T o WRES R ] RERZ AT
PPt B ARLZATH AL EEG KR

BEH aBEG ) A3 I, B A JLA e etk S 32 2 FE A,
HERR I FFR R T HIE o ], ML 6y Jy v P& ik 2 SR ¢
B, RN AL, i TP AN BT (R4 8.6 .o B ) 41,
BOE R B8 R FIIE 35 2 Fp 2k 10 s B F
FEAW], 80% (1) EEG faUk BEA AL I R & AF o 7E 1200 44
5K = FE R 2 18 28 L BEG B R E %00 1%, KR4
RFFSE <9 min, (HERH ATk, USROS dAT KB
73— W5, 311 BN aEEG /9874 JLH 56 41l (48 {4 HIE)
A WBRFFERIRAS ;s Horh 28 (50% ) ] A A EEG {5t i 3 A
IR A4 o HIE (LI AR L SR A I 1) 22 % 24 T A2 J524 h
Wo H EEG5B0LTEREA ST 72 h A 1k I AR L 50k
T RE-S IR A D% o I FEL I R 20 ™ 6 B R A A i PR
I EEG 5UBKA I [ i 42 A TIAT I SUTERIR AT IE o

1 /RImRA EEG fik Rl A4, 2 /8 U EEG $iiik.

R PUIESE SR i DR B R e E IR OO B 52 M HIE
LB DL Sl EEG R AR5 BUR 195 R4 3

li=kig

B Z R BRI T o O TIRYT 19254 T T 415 % st [
PEIIR AEDs PEEEATR I 25 1Y 8], LR b 282 B AR FBT
AILBHE A Z [ DL K& B N &R Y 2 AR 48—, A
NICU AL itk B D) RE L T S BEAR X R AR 43 AEDs 11y
TR 3 il 195 188 0 Ak 2 LG o 25 VK LA 4
HIT.

MkiasT

A5 80% LA ERYIE b R 2 AR AR 2 ) — e
Ry O B P T B 20 mg/kg IV, ISR 525, AT LA
L2052 SRR 40 mg/kg (FRH S BAFREAR) o 1l 257K
ZERFAE 40 ~50 pg /mL, JREADGIHT A LEETT 52 60 pg /mL,
{HAE 40 ~45 pg/mUESROREAT o @I1E ] — & A4 T il 25 vk

HERERIN o
FEEZRTTUEAN?

15% ~50% (1995 1) % B b 236 97 ToR, BE s, WA 201
TR I HERR AR DN, SR 5 A g3 Hoth 25 4 F0 35 2 2 3

.00 .
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OB A LA Z 5 O R, R A (B A B ) R 2
HHEE RIS R 2 R B FE MR A ZE SR PE 3H. 7ERR
P 50— BRI AR B 2z, LU IR IR e B S 28, TR
WKARIRXE R, BRI 2R, 22 0 ik 4 24

Co SFRABIER IR N85 e, SR 5 Pk 22 i B
FEWEE, BRI R W BOR R3O 5 — 4%, o
SRR RE B GE IR AR, 15T A BE i, 14
JHEIg B, HAAE I 258 8l )2 BUOR 2 3 R T Sbk
BNAST , — A PRI AR o APl o 45 22 X JEE A T 1
SN, B LARIEG Y I AN RE IR 2 o R AL I 254 3l
12 et NEE A AEDs B

ERAMEMNST

BRI AR R R T iEE R Y . BIER
TRERNTZH KLY & A AR TR R A dn R
B N R AR . B L, U R A A LT R
SRR IK A 25 2 TR R R . FE—I s, B
P LS B VR R D 0 ) 5 8 T 352 4 H kg 21
F1 180 % ; Horf 66% SRk S FEA L e HA L. BH
B JLBE T R A0 . RS ol TR R s
TR T 5700 S 1 iy A i 22 5 S0 3] A R P B O R . 24
1y e i S BR300 4 T T BEAS TR, 7 LI R 5 A 7 12 224
R FI S F i 25 I )

MHE _—_RELAGY LR TF?

SR IEE (FFRIVTRE ) 2 2 Lo 22 2 bRk & K
SIS 24, ol i B AR BT DAAT RE B i A — R
Ry, WRERMEE B BT/ EE RS, A
VBT R 500, 4R )2 g FH 8 KRR i [) Aol FH AR 1 b 2
i, BATRFZEE . WA NEBUR KK ML, TR F
SR A (7 A LT RS0 TEAE R MK BRI o

HiiktF

W5 IR L PE 22 (e R it 40 mg/keg) FIHA 25 4
WRIKMES R LOE VREE L P 28 IR sl 2 R T
1HY7 EEG HESERYUR , 58 2421 %0 43% ~100% .,

i AT AE W TE AT 4 B B T B L s A /2 2 i P 4R
(B 2,3 S5 4 20)  RSan it AR . SCt R A ZE
STV (T 30 Fr) B 58) o 10 A, 9o 195 7 3 A L 1 i
WESCHCR T RESZ R o B AR JLRE B LS A 722 2407 P4 35
LRGSR LY 8) ) o Sl NIRRT R K
PESIRAN SE ARATRL, R P68 e )L AT S P T 2 1 A X
Bz, BT AGE RIS AR /NG (< 10 %2 JLEE L —FF) |, el 2
Z UM A AR S R A L

W E M 1RBREL SE BI4bIE

R A A (A i e PR F 9 e R 2 R ) ) 2 b i 4
AEDs JG S W, BT 5E SOOI P s PR UK . E— 2 10

Qb B g KO- B 25 ) R 28 R P S R R L i
K, AEDs RUR B K R R R R Z .

0 7 P B A 5 T P ) R R L, TR 4 EEG JIE
o AN, WHT AR 0 5 HE B A 35 DR f 35 5 B F A SR
AL R, TEM MRI L ETENAE T
SRS R SR WA R AN HERR IS A AR
EEG %I1R £ Z L5 ARERIE & H 28R MUAE F1 GLUTL S A

TENN S8 3 F AED Z 1 N i il A it % i (o 4 02
PLP) , SR T 5 3 i AEDs, $i BRAK SR 00 B gl B %5 pE i A
WK 3 s Bl 22 e R 5 n SRAR S Tt [ T o XA B, B I
BRAAEM R . SERME O ORI A LR Z /i T
ST WA SR Z R N, fEX RS OL T %S W EEG
RAEBE, XA IRRRZIMICAHE EEG 78 1, B4
HEAES PR AR sl R Z R R A

X FR 2 - 4o 22 FORE W B I K R R B A L, sk R 25
T3R5 2 7 AEDs Ffi F LS BE/PLP I R F A ) 2 5 I
PR DRAR SR 0 151 (185 2= L, B an o 7 HE B T 58 KRR 5
IR AN R T B A TINERATT

RAIEKRRIK EEG £Z{ERI4L1E

EEG AAFJE 78 X RMAAT T i A7 4 B, 5 T3 A [] a7 st
Z IR IR ML LUB A L HIE S HFFEx 4L, 1 HIE
14 i v P e AR o 72 h LT O ITTXE L FI IR T R8CR o

BEEGMERETS

Wi E AR A %, BARIE R B IR 4E R E 36.5 C
B a R (SLER) IRIA Y T g HIE BJLMHS .
JBEEETT

ML HIE 015 Py BRG0P R UL R P B shil ok , i R 2% i
J5 A B R, BRI AEDs, XTHRSER & B Sw & A
R RS, FHZg i a)a] DL S K2l o B R g T
WL AR, v DATE 3 A B LB G e F LR
HY R FE EEG #7550 90 FE 5 36 s st i 4k 23R 97, PR AR
B AR . B LN I RE DT 2 L E

2518

ST -5 A 8 A 2 Gy R 683 A LA R 11 T AR
AL FRAZ Z Al R 2 A E A R AR TR IR P AN o 6 20T
FFA I ATPEAE AR AR S6YT o WL EEG, RRHIE IR EEG J&
AP AR LSRR A A2 TR, o 4 AR T A A5 K
PRI 11 G GOREZE , I T il 52 F51075 SR s R GE— A B 5 3%

(A i - X551

- 100 -



