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The Impact of Anticonvulsants on Neurologic Outcomes in Neonatal Seizures

JiYoon Han, M.D., Jin Hee Lee, M.D., Sun Young Park, M.D., Chung Joon Moon, M.D.,
Young Ah Youn, M.D., In Kyung Sung, M.D., and In Goo Lee, M.D.

Department of Pediatrics, College of Medicine, The Catholic University of Korea, Seoul, Korea

Purpose : Although neonatal seizures can cause epilepsy, neurodevelopmental disability, and mortality
with high frequency, the use of anti-epileptic drug is limited and the side effect of the drug is unidentified.
Thus, authors investigated the prognosis of the neonatal seizures related with anti-epileptic drugs and

electroencephalography.

Methods : Retrospective medical records of 37 infants with neonatal seizures under 44 weeks of gestational
age who were hospitalized at neonatal intensive care unit in Seoul St. Mary’ Hospital from January to June

2012 were analyzed.

Result : The mean gestational age was 32.5+1.9 weeks and the mean birth weight was 2,010+82 g. Seizures
occurred in 65% in infants within 7 days of birth and subtle seizures were most common type. Hypoxic
ischemic encephalopathy was the most common cause of seizures and 62% showed abnormal electrographic

findings. Among 37 of patients, seizures of 57% were able to be controlled by levetiracetam, but 19% were
controlled by co-administration of more than three anti-epileptic drugs. After 6 months of treatment, epilepsy

was diagnosed in 6% and developmental delay occurred in 19% among patients controlled by one anti-
epileptic drug. Epilepsy and developmental delay occurred in 29% and 86%, respectively, among patients with
more than three anti-epileptic drugs. In addition 86% of patients with normal electroencephalographic findings
show normal development, but 3 patients with severe abnormalities showed abnormal development.

Conclusion : Neurologic outcome was not good when the number of anti-epileptic drugs were added due to
uncontrolled seizures, and the result of electroencephalography showed severe abnormalities.

Key Words : Newborn, Seizures, Levetiracetam
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Table 1. Demographic and Baseline Characteristics of
Subjects (N=37)

Male: Female 18 (49%): 19 (51%)

Mean 33.0+1.9 weeks
Preterminfants (<37 weeks) 24 (65%)
Full-terminfants (237 weeks) 13 (35%)

Gestationalage

Birth weight Mean2,010+82 g
<1,000g 8 (22%)
1,000~1,500 g 5(16%)
1,500~2,500 g 10 (27%)
>2,500g 14 (38%)
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Table 2. Type of Neonatal Seizures (N=37)
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14 AlgYeh 4 AAL MR o AE 1Rl 1199 o}

& T 46711 Foll HIAALE ATERET, 36%
(4Uﬂ)7} 738} =90k 6709 5 4] T A7 w3t
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Type Number of patients (%)
Subtle Ocularmovements 2
Orol-bu§col-lmguol movements 2 19 (51%)
Progression movements 9
Autonomic dysfunction 6
Clonic Focal 4 (M%)
Generalized 1(3%)
Tonic Focal 5(14%)
Generalized 2 (5%)
Myoclonic Focal 1(3%)
Generalized 0(0%)
Subtle + Focal clonic 3(8%)
Subtle + Focal tonic 2 (5%)
Total 37 (100%)
Table 3. Electrographic Findings in the Subjects (N=37)
EEG category Number of patients (%)
Normal 14 (38%)
Moderate abnormalities Low voltage 4 20 (54%)
Epileptiform activity with normal background rhythms 13
Maturationally delayed
Major abnormalities Isoelectric orinactive 3(8%)

Epilepfiiform activity with abnormal background rhythms

Burst suppression
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phenytoin, topiramate, valproic acid, ~Z2] 31 midazolam
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Table 4. Treafment for Controlling Seizures (N=37)

Number of
patients (%)

21 (57%)
9 (24%)
3(8%)
2 (5%)

Anticonvulsants

Levetiracetam
Levetiracetam, Phenobarbital
Levetiracetam, Phenobarbital, Phenytoin

Levetiracetam, Phenobarbital, Phenytoin,
Midazolam

Levetiracetam, Phenobarbital, Phenytoin,
Topiramate

Levetiracetam, Phenobarbital, Phenytoin,
Midazolam, Valproic acid

1 (3%)

1 (3%)
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Table 5. Cessation Time of Neonatal Seizures (N=37)

Cessation fime NUf“ber of
patients (%)
Within 24 hours 22 (59%)
24to 48 hours 4(11%)
48 hoursto 7 days 7 (19%)
Over7days 4(11%)
Total 37 (100%)

Table 6. Duration of Anficonvulsant Treatment

Monotherapy Polytherapy P

Days 24112 5132 0.022




Table 7. Outcome af 6 Months after Treatment (N=37)

One AED Two AEDs

More than Three AEDs Total

Prognosis (N=21) (N=9) (N=7) (N=37) P

Normal 15(71%) 3(33%) 1(14%) 19 (51%) 0.021

Post-neonatal epilepsy 2(6%) 2(22%) 2(29%) 6(16%) 0.082

Developmental delay 4(19%) 4 (44%) 6 (86%) 14 (35%) 0.076

Abbreviation : AED, anti-epileptic drug

Table 8. EEG Categories and Outcome after Initiation of Treatment (N=37)

Category of EEG Noimol Moderate Ci bnormalities Severe ob?ormoliﬂes To_tol p
(N=14) (N=20) (N=3) (N=37)

Normal 12 (86%) 7 (35%) 0 19 (51%) 0.030

Post-neonatal epilepsy 2 (14%) 4(20%) 2 (67%) 6(16%) 0.071

Developmental delay 2 (14%) 9 (45%) 3(100%) 14 (35%) 0.087

SEEREERE RE PSR T R Rt
86% (1299 F52] w3t olge] sk wal Pols
o) 35% (7E)7H AR e 1) W, 5] wnf ol
2 0GR HolE Fofl Bg Beke wol

]
e BRIl ghololl M= 20% UH), T52 Hutold 24
< RSl ol o= 67% (2“3)01]*1 st (P=
0.07D). EAAL /=95 Bl ol X 14% (27,
To HIold 23S B %0}01]*1 45% 9'9), T%
ol 22315 BRIl Fotol A= 100% (378) = ekttt
(P=0.087).

K
4

Ao} AR WImi= A5 Ao}, nlsof, Ak
A3} A7) FHF] - Soll whek ohekake vk
BT} jLotelA] oF 3-300) AL A WIE7} S 210
2 A A Qlek 53] F4 Al AlF 1,500 g w]wke] 2lA¥ok
NME A Aoz A Alotel] nla) oF 204 o]
T2 M7 B3 E 5 QIoh Y A A Fek s
Aot A A m7hdshaA] Aol A FotEe] AE
£o] FA3] G Fo], 19801 Tl 1990 A thelli= AlA¥o}
APEo] ¢k 25-35% % K 11 ¥]3] ot 2000 thel]
S019} Tekgul 52 7%, “12] 1 Ronen 5> 16.1%2 K.

Alo

=

-

3 O

rlo

O:

P

it glek & AT th Hol 42 (Ao} 187
v]%0} 2473) 5 510 APae] APES 119%% B9

Ao} e o] WAl A]7]= A 1220 714k Wo) vk
Agsto] 31 15 Well 70-80% 2] $obEo] Ads AH
s A0 2 4R 91l Brown 552 & I
3 AE-E A & 4Y oufjof whAEcla WL
2 ATeAE AE 157U dell o] st
Q1 b A5 29 oufje]] Z=e] Ay 7
Lanska 5701} Saliba 53} 2}o] = ol

d Fobs T vlsmobEol Wik, visol

7Rt Est Aol 9% o]

N
z
EOl
ok Mo

lo,
14

&
;94or°"
oiﬂrlrjﬁﬂ
t_(O_OzNOOll
3R
(F S

= 1o,
fo
E

o A rr
)

© 5% Agto] o= vi%obEe] 4TS ¥
ol A F5 5 Fol7] $late] 27lef TR AL
A5/ QIEEE/ 1S AFEE] o] ShokEol A Al
ah %A AR wlo] ol € hsAo) Itk
R

A _

sk, Ak S8 S0l 7h Ealf A1 Aot
Beg do7lE A1) 60-65%= AHA] gt T an
el 29, = 719, A tiabold, AR Ak
g5 glo] = ? ATES 2 Aol M= ks 3EA

i
o
o[\
2
1o
o
oﬁ‘.
N

1 ol 6296 % ARSI RS
H 3}oE)k 2= 010-11:]_

ﬁx_ETMM

£
ea
I
M
2
59
>~
>
mlm N



. = The Impact of Anticonvulsants on Neurologic Outcomes in Neonatal Seizures —

Ji Yoon Han, et al.

A oo

A8}

=

=

| okl 2 PB

sof ¢

S

1 4

A5
ol g gl =gl o

[<3]
oA

ok v

o}
a1, o] L A &E]| %] ko el whE A1)

=

L

.

1450}]

A
<!

Foi 1=vte] o7} gol & ol

S

e

he Aase the 542 7

S

8

LEV
19} 73
7]

=

s

sk 1

L

R

5]
A

ol

St o=
714

S

L

Ptk LEV o]

L, 24%

o] =]
W=

0

)
=
2l
H

]

+
R

[e)

EEER-EER

A= A

€] 57%MA 7ol =
=9

ok
o
O & ] QTR Aol

o
£ o} ugik 2 Ak

Ramantani

LEVE 94
_‘?:

==
A

o] o

L
=
=

L

Lo}

C)]—§

Ao} A el e

o] e, Aeh 7

i gto

Hol LEV ARS8 & A5 Fof 79%2] $lololl A Z7do]

9} PBS] W4 5ol & Zdo] 24 5QlT) o) Ao} 7
i bl

U LEVE 140} el de] A185)7] 9]

ol A
el

<]

=

[¢)

HE

AL 74Ee. Z Volpe'= H]
3

°©

3]

3

=k

1

Abe) 4 o] )

PPULE A e B2 3h] 7} ] e B Ao

1o}

A
<l

L

R

[¢)

=

=2 (subclinical) A#
&

7357t W oledt

R

o}
AP O 2 Sheth?

A
[oR RN
AT

e

2
njrote] ARl M % 63%01M o1 g He

o] 2 e

[e]

Ho|
Ko At
31

A

9] 8o, Bihannic

=
hl

&
T

o529 o

gl

L A 2 BT )

).

17} 90%2F

A

vl<oke] 3% A of

EEEREDIS

&

el

s AbelA %

1
R

, Volpe

7}19

Ho] 245wl

7

918 ol
=

l

73971 14%, 18] 31 W XA

B
A

L

L

o 3

& o]

+
797+ 86%331L, 29%

A
o

I3=3
=

=

7} 71%, Z12)
A=)

A

o
5

% R, A7 o]

Hol=
73

2] 62%

=

=

o ot

L

L

AT} 2 ArellA

7} sj5Atel A o)

9}

)

2=
ReA=y

WS Al

L
L

2 mol

Zg& A A

6;]—

2 ¥ste} o]
Aoz A

3}

o
[e]

<
T

o]/d—
1% =2

ol

)

2] o
| BQ)ch LEVY) A %

=

=

0|

al

=
T4

F9i.om, w

fol

0

el

oje] ofg] A-gl ge] Aol Zd#e]
E

=

-
I~ =

R

B
5T%E -5

AATH(Table 7).

ol

.

ohgkil, Aol 4 Fhot

A 7|

PN
T
7}

).

=
<
=R

ol

—E—

=
=

=
A ofe] QP QAo ke Wk

o)k
=
=)

o]

Folje}, e A7}

gul

2] 35%7}

=

="

tol

s

1

fis

}o
28k of2] 7]l

]

1o} o] ¥
2

R4

AkelA w07} A7 o130 Fob=2] 86% 9k
A

5ol
9151}, 210} 7oA Hste] o) ol

Fobai]

ol



1)

2)

3)

4

5)

6

=

7

-

8)

9

10)

11)

12)

13)

14)

References

Volpe JJ. Neurology of the newborn. 5th ed. Philadelphia:
WB Saunders Co, 2008:203-44.

Lanska MJ, Lanska DJ, Baumann RJ, Kryscio RJ. A popu-
lation-based study of neonatal seizures in Fayette County,
Kentucky. Neurology 1995;45:724-32.

Silverstein FS, Jensen FE. Neonatal seizures. Ann Neurol
2007;62:112-20.

Scher MS. Neonatal seizure classification: a fetal perspective
concerning childhood epilepsy. Epilepsy Res 2006;70:S41-
57.

Bassan H, Bental Y, Shany E, Berger I, Froom P, Levi L, et
al. Neonatal seizures: dilemmas in workup and management.
Pediatr Neurol 2008;38:415-21.

Tekgul H, Gauvreau K, Soul J, Murphy L, Robertson R,
Stewart J, et al. The current etiologic profile and neurodeve-
lopmental outcome of seizures in term newborn infants.
Pediatrics 2006;117:1270-80.

Ronen GM, Buckley D, Penney S, Streiner DL. Long-term
prognosis in children with neonatal seizures: a population-
based study. Neurology 2007;69:1816-22.

Rennie JM, Boylan GB. Neonatal seizures and their treatment.
Current Opinion in Neurology 2003;16:177-91.

Ramantani G, Ikonomidou C, Walter B, Rating D, Dinger J.
Levetiracetam: safety and efficacy in neonatal seizures, Eur
JPaediatr Neurol 2011:15:1-7.

Lombroso CT. Neonatal polygraphy in full term and prem-
ature infants: A review of normal and abnormal findings. J
Clin Neurophysiol 1985;2:105-55.

Rowe JC, Holmes GL, Hafford J, Baboval D, Robinson S,
Philipps A, et al. Prognostic value of the electroencephalogram
in term and preterm infants following neonatal seizures.
Electroencephal Clin Neurophysiol 1985;60:183-96.
Watanabe K, Miyazaki S, Hara K, Hakamada S. Behavioral
state cycles, background EEGs and prognosis of newborns
with perinatal hypoxia. Electroencephal Clin Neurophysiol
1980;49:618-25.

Brown JK, Cockburn F, Forfar JO. Clinical and chemical cor-
relates in convulsions of the newborn. Lancet 1972;1:135-9.
Saliba RM, Annegers JF, Waller DK, Tyson JE, Mizrahi EM.

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

A &t gl o %o uj2l= I -

Incidence of neonatal seizures in Harris County, Texas, 1992-
1994. Am J Epidemiol 1999;150:763-9.

Holden KR, Mellits ED, Freeman JM. Neonatal seizures I:
Correlation of prenatal and perinatal events with outcome.
Pediatrics 1982;70:165-76.

Song MS, Kang Y1J, Park IS, Choi HJ, Kim SJ. Correlation of
neurologic outcome with neonatal seizure associated clinical
correlators. J Korean Child Neurol Soc 1994;2:59-71.
Tudehope DI, Harris A, Hawes D, Hayes M. Clinical spectrum
and outcome of neonatal convulsaions. Ause Padiatr J 1988;
24:249-53.

Derham RJ, Matthews TG, Clarke TA. Early seizures indicate
quality of perinatal care. Arch Dis Child 1985;60:809-13.
Haynes RL, Borenstein NS, Desilva TM, Folkerth RD, Liu
LG, Volpe JJ, etal. Axonal development in the cerebral white
matter of the human fetus and infant. J Comp Neurol 2005;
484:156-67.

Calciolari G, Perlman JM, VolpelJ. Seizures in the neonatal
intensive care unit of the 1980s. Types, Etiologies, Timing.
Clin Pediatr (Phila) 1988;27:119-23.

Sheth RD. Electroencephalogram confirmatory rate in neo-
natal seizures. Pediatr Neurol 1999;20:27-30.

Le Bihannic A, Beauvais K, Busnel A, de Barace C, Furby A.
Prognostic value of EEG in very premature newborns. Arch
Dis Child Fetal Neonatal Ed 2012;97:F106-9.

Camfield CS, Chaplin S, Doyle AB, Shapiro SH, Cummings
C, Camfield PR. Side effects of phenobarbital in toddlers.
The Journal of Pediatrics 1979;95:361-5.

Legido A, Clancy RR, Berman PH. Neurologic outcome
after electroencephalographically proven neonatal seizures.
Pediatrics 1991;88:583-96.

Holanda M, de Malo AN. Comparative clinical study of pre-
term and fullterm newborn neonatal seizures. Arq Neuropsi-
quiatri 2006;64:45-50.

Clancy RR, Legido A. Postnatal epilepsy after EEG-confirmed
neonatal seizure. Epilepsia 1991;32:69-76.

Haas KZ, Sperber EF, Opanashuk LA, Stanton PK, Moshe
SL. Resistance of immature hippocampus to morphologic
and physiologic alterations following status epilepticus or
kindling. Hippocampus 2001;11:615-25.

Holmes GL, Gairsa JL, Chevassus-Au-Louis N, Ben-Ari Y.
Consequences of neonatal seizures in the rat: morphological
and behavioral effects. Ann Neurol 1998;44:845-57.



Ji Yoon Han, et al. : — The Impact of Anticonvulsants on Neurologic Outcomes in Neonatal Seizures —

S Ao} UL Al B 1, FH50.2 AU ol A1 Fol WAT 5+ Q= Bo| e AL 5 o)
ty eSS 914 gtk olol] ARHES Ao} 7 Folse)

VRA7} AlgHAlelH o]5o] ool o
5 T8 AUA) 59t HuAALE S8l Qot BTl

HiH 120124 1959E 20124 69714 M EH L Aol F3ilAel] 9Jidt $hols & HHs do
44 ko) AlAYo} 3778 (FA) 187, o7} 199, whatol 137, ml<ro) 248) & oo & 9K o772 B8 Figin)
Za}: o ol 37799) B AR} L 3254195 B B4 AL 2010482 g o|{rk. AHE Fol59] 65%7}
22 3 74 ol 2ASIA=E, 53 48AIKENA 7 o7 71 BEkaL(38%), 1A HAGS1%)0] 71 &3t P
o1t thd BHolE2] 94% (359)7 37 ZIATell A o) 2738 RGEH], ArkaAd 3184 HHS0] 62% 23%)=
7V ettt HuAe A= 62%7) o 73S BT, 5% ool 54% (20M), 183l 55 o)) 8% (31)
0|31, 67} F71A] Mzt o)ato] Q= 9= 19% (778)0| Atk thak Sho} 379 ol 57% (2178)+= levetiracetam 2+
025 o] 24 HAAT, 19% (78)E A7 o9 eHAlE BE Folste] HAe 24 ek A8 6714
TSR] FRAA R Zeo] ZAEJY SolEdlx= HHF o] 6% (27), T X]9d0] 19% (478)ell A A3k vhA *ﬂ
71 olae] B7enlE ALga Bolol s W] 20% (27), e Aedo] 86 (6%)lA] AsISI). 1l A
)} 278 HE Sl =] 86% 129%)7t 67Hé A S Hola o), $59] Hufo[d A W i‘r

=]

T 2

=
8 - 4o} 40 7] el A5IA ok AHBSHE SBRAI A} 1, el A 5
of o) 27k Holt= 7S A |57 24 ek




