NEONATAL SEIZURES

Taeun Chang, MD

Incidence

m Population studies demonstrate association
to birth weight

m Less than 1500 g — 57.5 per 1000 infants
m 2500-3999 g — 2.8 per 1000 infants

Neonatal seizures

® What is a seizure in a neonate?

® Do neonatal seizures harm the brain?
m What causes neonatal seizures?

m Role of EEG in neonatal seizures

m Treatment of neonatal seizures

m Prognosis of neonatal seizures




What is a seizure?

m Clinical Definition
m A paroxysmal alteration in neurologic function
m Electrographic Definition

m Abnormal hypersynchronous and excessive
excitation of a population of cortical neurons

Brain Development
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Neonatal Seizure Classification

m Four Essential Seizure Types
m Subtle
= Clonic
= Tonic
m Myoclonic




Subtle Seizures

TABLE 5-6 P e
Major i i
Ocular phenomena
Tonic horizantal deviation of oyes with or without jerking of
eyos®
Sustained eye opening with ocular fixationt
I-b ) i

ar

Chowingt -
Othoer (see text and Table 5-7)

Limb movements
({See text and Table 5-7)

Autonomic phenomenat

Apneic spalls®

- weith si aphic (EEG) seizure ac-
tivity most commonly in term infants.

o d with simuh EEG soizure activity most commaonly in pre-
mature infants,

tDocumented with simultancous EEG seizure activity as o prominent isolated
aeizure most in the p intant, but
phonomana (e.g., increase in blood pross are

of seizures in term infants os well.

Classification of Neonatal Seizures
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CLINICAL coMmi UNCOMMON
Subtle +*
Clenie

Focal +

Multifocal +
Tonic

Focal +

Generalized +
Myoclonic

Focal, mukhifocal +

Generalized +

*Dnly specific varieties of subtle seizures are commaonly associated with si-
ht electr phic seizure activity; sea text and Table 5-6

for details.

What are not seizures?

m Jitteriness
m Not accompanied by ocular or autonomic phenomena
m Excessive stimulus sensitivity
m Stopped by gentle passive flexion of limb

m Benign paroxysmal neonatal motor phenomena

® Roving, sometimes dysconjugate eye movements

m Sucking, puckering movements not accompanied by
ocular phenomena

m Benign neonatal sleep myoclonus




Do neonatal seizures
harm the brain?

Seizure Mechanisms in the Neonatal
Brain

Probable Mechanisms of Some Neonatal Seizures

PROBABLE MECHANISM DISORDER

Failure of Na*-K* pump secondary to Hypoxemia, ischemia,
1 adenosine triphosphate and hypoglycsmia

Excess of itatory neurotr i Hyp

and hypogl\rcemla
Deficit of inhibitory neurotransmitter Pyridoxine dependency
(i.e., relative excess of excitatory
neurotransmitter)
Membrane alteration—T Na+ Hypocalcemia and
permeability hypomagnesemia

Epileptiform Changes More Readily in
the Neonatal Brain from Hypoxia
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aftor hypoxia in the youngest animals studied. (From Jensen
FE. Applegate CD, Holtzman D, ot al: Ann Nourol 28620637,
19891.)




Reduced CSF Glucose Concentration
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Figure 5-3 Decline in brain glucose concantration wwith sei-
zure. Ratio of brain glucose to blood glucose levels in convuls-
ing neona(al rata as a function of duration of Seizure activity.

mean values %= SE. Asterisks
indicate a-\‘ference from controls at g =01, (From Wasterlain
CG, Duffy TE: Arch Newrol 33:821, 1976.)

Reduced Energy Metabolism
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Figure 5-4  Mognetic resanance (M1 (*'P) spectea from a full term infant during subtle
seizure activity torakb and gl. The ekec-
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Figure B-6 Best docurmented mechanisms for the sceur
rence of brain injury consequent to repestod ures. See
te=t for detaills. A0 Adonozine diphosphate; AT adenosines
triphosphate, Po. oxygen prossure; Soo. carbon dioxide
prossure.
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Reduced Macromolecular Metabolism
with Seizures
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Figure 5-5 Effect of daily seizures at different ages on sub-
sequent brain content of DA, RMNA, protein (FROT), and cho-
lesterol (CHOL). Rats were sacrificed at the age of 30 days.
The meost significant deficits occurred in animals that were

subjected to seizures at the youngest ages. (Courtesy of Dr
Claude Wasterlain.}

Perinatal Asphyxia & Seizures
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Cell Counts in Hippocampus
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Fig. 2. Comparison of ccll counts in the piriform cortex, parictal cortex
and hippocampal subficlds CA3 and CAl in the controls and experimon-
tal animals with Mo si were noted
hetwoen groups at any of the four anatomical sites stadied.




Sprouting in CA3

CNS Consequences

Einding

Mechanism

Immature Brain

Seizure — neuronal injury

Toxic necrosis, apoptosis

? age dependent
?less vulnerable

Hippocampual — seizure

Reorganization

?age dependent

Recurrent seizure

Deplete energy
Protein & DNA synthesis

?transient

Leaming / Behavior

None observed
Increased emotionality

Species variable

Alter brain pathway

Interfere with cortical
projection

?late function

Mizahi Epilepsia 1999

Systemic Consequences

m Altered cardiovascular dynamics

m Blood pressure, heart rate, cerebral flow
m Respiratory compromise
m Changing metabolic milieu
m Increased metabolic rate
m Hypoglycemia, high energy P depletion
m ?Altered fuel utilization




Causes of Neonatal
Seizure

Neonatal Seizure Etiologies

TABLE 5-18 s
Major af in
to Time of Seizure Onsot and Relative Frequoncy
- TIRAE OF ONSET= RELATIVE FREGUEMGYT
ETIoLOGY 0-3 DAYS -3 DAYS PAEMATURE FULL TERRM
Hypoxic-ischemic - [ra—— P
. pathvy
Intra - - - +
- mae®
Intra | intactions + - - -
Developrmentsl > “ 4 -
dufects
- +
- -
e pe
- +

Epileptic Syndromes in the Newborn

m Benign familial neonatal seizures

m Benign idiopathic neonatal seizures (5 day
Fits)

m Early myoclonic encephalopathy

m Early infantile epileptic encephalopathy
(Ohtahara syndrome)




Role of EEG

32 EEG +; 31 EEG —
<34 wk #3; > 37 wk #26

8- clinical and EEG +

13- subclincal (EEG +)

11- clinical and subclinical

85% no clinical behavior with EEG seizures

13% interictal period > 60 minutes

Bye

Seizure Frequency

EEG exams

Seizures/hour 9.5 (1-66)
Seizure duration 132 sec (19-675)
Longest seizure 280 sec (26-1840)
% EEG withsz ~ 23% (2-87)

Clancy




EEG & Seizures

Characteristics Asphyxia Stroke p(AvsS)
Esz/infant # 113 (4-922) 9 (3-94) .007
Timein sz, hr 2.4 (.27-30.5) | .25(.13-2.3) .004

Average time, sec 93 (17-651) 98 (77-299)

Longest, min 7(.8-32) 3.1(2.2-10)
Status, #, % 11 (48) 1(14)
Esz, PB/ Phy, % 7 (30) 1(14)

McBride 2000

EEG Background Activity

EEG background as predictor of electrographic seizures
in high-risk neonate Laroia N. Epilepsia 1998; 39:545

High risk infants

EEG monitoring onset @ 24 hours (>3 hours-days)
Asphyxia 40/51; 14 with clinical seizures

Monitoring time prior to first seizure (~10 minutes- 21 hours)

EEG background and occurrence of electrographic seizures

Retrospective and Normal or immature ~ Abnormal EEG
prospective groups EEG background background
combined (n = 51)
No electrographic seizures 23 5
Electrographic seizures 1 22

Treatment of Neonatal
Seizures
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Acute Therapy

m Glucose
m 10% solution
u 2ml/kg
® Phenobarbital
m 20mg/kg IV, boluses as necessary up to 40mg/kg
m Calcium gluconate 5% soln, 4mk/kg, IV
m Mg sulfate 50% soln, 0.2ml/kg, IM
m Pyridoxine 50-100mg, IV

AED Treatment

m 59 neonates with EEG seizures
® Randomized; PB (25ug/ml); Phy (3ug/ml)
m Control
m PB 43%, Phy 45%, combined 57-62%
m Seizure severity (freq, duration)
m Inversely related to control

= Painter et al, N Engl J Med 1999; 341(7):485

Alternative Therapies

v

m  Diazepam, lorazepam, midazolam

m  Clonazepam, lidocaine, paraldehyde
PO

m  Carbamazepine, valproate, vigabatrin
®  Primidone, levetiracetam
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Prognosis
Seizures

of Neonatal

Prognosis — Age and EEG

TABLE 525 s il
Prognasis of Neonatal Seizures—Relation to Maturity

Prognosis of Nesnatal Seirares—Relation
p— B {EEG*
AT 0 s OG0 NERLOCAL SEOEL 4
Nomal =N
Tom 5200 ¢f* [ T 1 )
PemuEMg B& W% gy oo shomlted =
Premstrs (<1500 git 1% o % Medarate abnormaiest -5

Tt fom pacsoral experionce (W0 teem 1o B0 preminre [ <2500 ]
faets aod from R M, Muszse N, Vert P et Nesrspectics 12281-201,
1955 05 term a5 premtry ] nod S MG, s K, Beggady NE,
o ak Pociarics 31128104, 1989 30 term and K2 prosatu ifast
‘it from Wadkes A, Seymonawica W, o X, et ak Div M 05 Nooral
0, 1968 155 huat] and v Znbes ADM, Verkoove-Vasherick 57 den
Quden L ot Meoroyediatics 21245, 1950 (10 o

Y Rows JC, Rolmes G, Haford J, et
Fctroencepkabyr Cin Newophysil BHISHISE. 185 Lombeuss (T bn
Wasterizin 06, Treeman [V, Porter , ediory: Advances ir norviogy, New
Tk, 1562, Raves Press; andinclodes both S ieem 1od prosaton il
tRur-fapprecion seten, maied vollage sopprestin, dod eleciocan:
el slence.
tictepe enpameties oo “mmaturty”

Prognosis - Disease

Prognosis of
to Neurological Dis

MEUROLOGICAL DISEASE-

encept
Intraventricular homorrhage®
Primary subarschnoid humerrhage
Hypocalcamin

Early onset

Latar onsot
Hypoglycamin
Bactarial meningitis
Developmental defect

o diseose)

Tinunlly sevars

rounded off to nearest 5%.

noaia is for those cases with the stated neurclogical disease whan sei-
@ o manilestation (thus value usually will differ from overall progno-

tricular hemorrhagic infarction.

with major ps

inesa; ap-

B is of
proaches that of later onset hypecalcemia of the nutritional type if no or anly

minar nourctogical ilness prosent

#latar onsot hypocalcemia of the nutritional type.
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