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ABSTRACT 

The prevalence of abnormal pregnancy outcomes in the 

offspring of 103 epileptic women followed prospectively 

during pregnancy between 1982 and 1989 was compared with 

t ha lin the pre v i 0 li S s tu d y 0 fIl 9 pre g n a n cie s b y Dan s !t y e t 

a). f [' 0 m thE' s a nt e i n s lit u L ion. 

Our results have shown a slgnificant decrease in the 

pr'p\'alence of major malformations, as compared l.;ith the pre-

VIOUR sturl.y: 8.8% vs. 21.1% (P<O.Ol). Monolherapy was more 

frr>qupnt and t.hp me an number of drugs used dUl'ing pregnancy 

lV<lS signlficanlly sm'dler in thE' present study. Phenytoin, 

phenobnrbitnj and primldone l-lere prescribed less frequentl;\' 

i Il t h p prE' S p n t s tu d~', 1'; h e r e a s car b a ma z e pin e a n ct val pro i c 

Reirl. 1-1ere used more frequentIy. Plasma levels of valproic 

acid during pregnancy 1..rere higher in mothers of malformE'd 

hables. In the present stlldy, plasma folate level'3 ,."ere 

si.l{nificant,lr htgher', and more patIents ,.,rere ta!{lng folate 

s\lpplemellts dt/ring pregnancy. 

Tn corWlllSlC)rl, the trpe and numbpr of drugs used during 

p r p g n an c y, a S l, e] 1 a s the pla S mac 0 fi C e n l rat ion san d s e r U m 

ru 1 a t p l e\'e l R, ma~·: dE' te l'm i ne thE' frequency 0 f abnorma 1 ou t 

COlllPS. 



" " RES UNE 

La préva lence d'anomal i es au cours de la gr'osResse 

issues de la descendance de 103 femmes é'pi 1 ept i qUf'S su i v 1 es 

en perspective entre 1982 et 1989 dans le 
1\ 

mf'me institut n 

1 1 / / / ete compare avec l'etude anterieure df' 119 groRRPRses pnr 

Dansky et al. 

Les résultats ont montr~ une franchE" diminutIon dans la 

pr~valence de malformations majeures en compal'nlson 1l\'C'e 

l'étude antérieure: 8.8% contre 2,1.1% (P<O.OI). Dnns Ilot ['P 

" etude, l h / /l' l' 1 1 f / a monot el'aple a e e utl Isee p us rpC]upmment Pl. la 

qua Il t 1 t~ mo~-pnnp de m~d i camen ts adm i Tl 1 S t r~e pendRIl t 1 a ~Ps-

tation a " " ete nettement plus faible. La phen~rto 1 ne, 1 p 

" / 

phenobarbItal et la prImldolle ont ete prpscrJ ts mo 1 ns 

fré'quemment; par contre, la carbl1mazepine et l'aclc!p 

/ ' " valprolque ont ele ulilises plus souvent. Les dosngps plas-

mRtiC]\les d'acide \'alproique pratiC]u~s au cours de la gr'o<-,-

sesse ont montré des taux plus " / eleves " chez Ip<:; mp r'p s 

d'enfants malform~s. Dans '" l'etu'le actuelle, 

folates plasmRtIques ct 
1 1 
ete plus / " el e \- e , el. plus 

patientes ont 
/ / ingere des supplements foliques dUl'I1nL leur 

grosspsse. 

En (!ollclusJon, Ip ChOIX et le nombrp de mè'dlcl1rn p nt" 

t , l' / li 1 Ises duran t la grossess p , 
,-

J e s con C f' Il l ra l Ion s se,' 1 CI u p s ~ t 

1 es taux dp fo 1 a tes sangu i ns peu ven t dt Lerm 1 ne rIa f n{qupn('p 

des malformatIons. 
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PREFACh 

Th i s study was carried out in the Neurogenetics Uni t of 

the Montreal Neurological Hospital and Institute, and in H,' 

Oepartmpnt of Neurology and Neurosurgery and the Centre for 

Human Genetics of McGi Il Universi ty. An ongoing prospective 

study of epilepsy and pregnancy has been conducted in the 

Neu rogpne li ce:; Un i t unde r the superv is i on 0 f Dr. Eva Ander

mAnn sincp 1971. 

The present investigatIon was prompted br the clinical 

ohserva t ions 0 f my super\· i sor, Dr. Eva Andermann, I"ho fe 1 t 

thal thprp had been a decrease in the rate of major congeni

tal malformations observeà in offspring of epileptic women 

in lhe pas t fel" years, as compared lo the prev i ous decade. 

HOI"ever, npi ther the decrease in malformation rates nor the 

varIatIon in lhe variouR risk factors which mighl conlribute 

ta the malformations had bcen statistically documented. 

The purposp of lhis study was to compare the prevalencp 

of abnormal prpgnancy outcomes between 1982-1989 with the 

previo\ls stud~' by Dansl{y et al. (1989) from thp same in

st i tu Lion, ae:; hP Il as to compRre lhe re la t l ve freqllenc i es 0 f 

the var'ious risl{ factors in the th'O stufhes. 

The fol lo~ing findings represent thp contributions to 

original knowledgp of the present study: 

1. The resu 1 ts hn \·e shol,n fi si gn if icun t decrease in the 

prevRlenpc of major malformations, as compared with the 

III 



previous study. 

2. The USf' 0 f monotherapy was more frequf'1l t, and thf' mf'an 

numher of drugs used during pregnaney ~vas signifieallt Iy 

smaller in the present study. 

3. Phenyloin, phenobarbital and primidone were prec;rrl1:-ed 

less frequent ly in the present study, ~.Jhereas earbama7.f'pi Ile 

and va 1 proi c ae id ~.;ere used more frequen t 1 y. 

4. Four of thf' eight major malformations in this st.udy Here 

ohserved among children exposed to VPA in the first 

trlmf'ster. 

5. Plasma levels of valpi'oie aeid during pr'egnancy \"Arp !,;ig

nifieantly hlghf'r in motllers of malformed habies. 

6. Plasma folate levels in aIl trimesters eomblned \.Jet'e Slg

nlfieantly higher in the present study than in the preVIOUc:' 

study. 

i. Valproic aeid monotherapy was assoeiated wi th t.he hlghesl. 

frequene~' of de\e1opmental defeets, Hherpas carbama7,pplr1f~ 

a Ion f' 0 r i n e 0 m b i n a t ion Iv a sas S 0 e i a t e cl t.J i t h t h pin t.; pst 

frequeney of major congenital malformalions and of devplnp

mental def'eets. 

In conclusion, our study points to a slgnlf'i(~;}nt 

deerease in the rale of malformations in the past df'rade, 

and idf'utifif's the factors possibly contributing to thls lm

pro v e li 0 u te 0 me, as folIo loi s: ] es s f r e que n tus e 0 f p Il p n y tOI n , 

phf'noharbital and primidone, and more frequAnt IISP of 

carbamazepine; a reduction ln the use of anllC'onvlllc;ant 
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drugs in comhination with a greater reliance on monotherapy; 

and highpr maternaI serum folate levels during pregnancy. 

l hop/" thal this study will contribute to improved 

g en et i c cou n sel in g for e pi lep tic women 0 f 

childbearing age, 

nanciec;;. r also 

and to better management of their preg

hape that it will assure women with 

epilepsy thal lhey have a good chance of having normal 

chi Idren if their anticonvuisanl regimen is properly ad

Justerl, preferably prior to pregnancy, and if their preg

nancies are carefully monitored. 

1 could not have accomplished this work withoul the 

help of lhe follm-dng individuals: 

My supervisor, Dr. Eva Andermann, examined the pregnant 

\.JO men \.t il h e \1 i 1 e Il g yan d the i r chi 1 d r e n i n bol h s tu cl i es, a n ct 

'3uggpsted th/" variahles !.thich should be analyzpù. 

[) r . .; e n net h Sil ver, a p e dia tri cne u roI 0 gis t a t the 

~I () n t r e a 1 [' h Il cl r p n r S Ho spi ta l, e x a m j ne d man y chi 1 d r e n 0 f 

ppi Ipptic !.tomen in t.he present study, in orùer to detecl any 

npurn!ngical or dpvelopm~ntal abnormalities. 

Dr. Christ llll1 ~ol fson advisect me on th~ sLatistica! 

Rllal:"!"!l"> of the daUl. 

Dr' . FrN"ier i ck Andermann supported the va r i ous aspec ts 

01' this study. 

Dr. Allan Shprt.lin advised me ahollt thp ne,,,ly inlroduced 

an! i('on\"ulsant drugs, and monitored the plasma anticon\'ul~ 
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sant concentrations. 

Lisa Andermann and Aml'ita Paul not only arranged pattent a\>

pointments, but also helped ln Véll'lOUS aspects ot 

this study. 

Dr. Hirokazu Oguni, my husband, imparleù much Inful'ma

tion about epilepsy to me, and helped me in the use of the 

computer. 

l greatly appreciate all of their help. 
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ABBREVIATJONS 

AF-AFP: amnlotic fluid alpha-fetoprotein 

AC: anticonvulsant 

CRZ: carhamaz~pine 

CRZ-F.: carbamazepine-lO,11-epoxide 

CHI>: conp;eni ta l heart cl isease 

r;LP: clpft lip with or without eleft palate 

00: developmental defeet 

nPA: dipropylaretate 

ESM: ethnsu~imidp 

FS-AFP: fetal serum alpha-fetoprotein 

MS-~FP: maternni serum alpha-fetoprotein 

PA: phpnobarbitai 

Pf>Il: pnc;tural deformtty and hernia 

PHT: phenytoin 

PRN: primidone 

VP,\ : valproic aeid 

VP~I : valpromide 
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INTRODUCTION 

During the past two decades, an innreaspd risk of con

genital malformations in the offspring of women wilh 

epilepsy has been reported. A number of prospeclive anrt 

retrospective studies have been carried out in order ln con

firm or elucidate the relalionship between an increasert in

cidence of major malformations and various ris\{ faL'lors in

cluding anticonvulsant(AC) drugs (Revie'ved in: Jan? 19H2a). 

In d number of prospeclive studies (Table 1), lhe 

frequeIlcy of major malformations oncurring in the ()ffspr'in~ 

of epi leplic '"omen tak i ng AC drugs ranged from 0.0- 1 9 • 2%, 

with an overall frequency of 6.fi%. T Id sis sig nif i na n LI y 

higher lhan the frequency of malformations not only in the 

normal control group but also in offspring of epi lepll(' 

women not taking AC drugs during pregnancy. These 1 nves-

tigations have not yet conclusively idenLifler! thr' 

teratogenlc agents, but several factors have nonetl!p!pss 

been imp l Ica ted ln the et iol ogy 0 f the maj a r ma 1 forma t ions 

in these studies. They are: genetic pre(l!sposillon, 

AC drugs and their mplaboliles, drug intPl'ference 'vith 

folate melabolism, depression of carnloresplralory fllnt't ion 

and fetal hypo'\:ia due to maternaI seizures. Of lhpse fac-

tors, early fela 1 exposure to AC drugs apppars la br> 

e t i 0 log i call~' the m 0 s t pot e n t.. 

There is, ho'vever, still considerable dehaf.r> as to 

IV he th p r th P mal fOI' mat ion s s hou l d b e a tt r i but e d sol ply l 0 li 

1 



leratogenic effect of AC drugs or to a combination with 

other factors related to epilepsy. 

Many attempts have bepn made to clarify which AC drugs 

are the most responsible for the increased incidence of 

major malformations. In the 1970's and early 1980's, 

phenyto in (PHT) and phetlobarbi ta 1 (PB) were cons ide red ta be 

more teratogenic than other AC drugs, although there were 

several reports that questioned these findings. PHT has 

also bepn suspected of producing certain minor congenital 

anomalies constituting the so-called "fetal hydanloin 

syndrome" (Hansonand Smith, 1975). In the past 10 years, 

several changes in the medical managemenl of epileptic 

patients have tal{en place; 1) a change of strategy in AC 

drllg therap? for epilepsy t.lhich advocates monotherapy rather 

than po 1 ythprapy, whpnever poss i b 1 e; 2) rou t ine moni tor ing 

of plasma AC concentrations which helps to determine the 

"optimal doses". These advances in medical treatment have 

hrought not only improvement of seizure control but also 

fpwer side effects for epileptic patients. Since the advent 

of plasmFl AC drug monitoring, several studies regarding the 

correlation between AC plasma concenlrations and the in

ci dence 0 f maj or ma 1 forma t i one; have been conducted, one of 

,.hich ShOHPd a highly significant positive correlation be-

major malformations and plasma PHT levels in the 

firsl trimesler of pregnan~y (Dansky et al, 1982b). 

Dansky el al. (1982a) have studied the major malforma

tions in offspring of epilpptic women since 19;1, and have 
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reported a number of risk factors relaled to the appearancp 

of these malformations. In this study, the risk faelors 

among pregnaneies followed prospectively between the years 

1982 and 1989 at the Montreal Neurologieal Hospital were 

eompared with those analyzed by Dansky (1989) for prpg

nancies follo\oled prospeclively in the same instilution be

tween the years 1971 to 1984. Thpre was no overLap in thp 

pregnaneies studied in the two series. 
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RRVIEW OF THE LITERATURE 

Over the past two decades, there has been considerable 

concern regarding the increased rates of congenital malfor-

mations among offspring of women with epilepsy. In 1963, 
'f ,. 

Muller -KuPPf'rs, in a case report of a 3 1/2 year old male 

with microcephaly and submucous cieft palate exposed to 

mephenytoin in utero, first suggested that the defects rpp-

resen ted an an li convu 1 sant drug- induced embryopa thy. Saon 

after, an increased risJ{ of congenital malformations in 

chi ldren of \.Jamen wi th epi 1 epsy was report~d by other 

aut.hors (Janz and Fuchs, 1964; Meadol", 1968). Anticonvul-

sant drllgs Laken during pregnancy were impllcated as a pos-

siblp etiological factor. 

A. MINOR MALFORMATIONS 

In 1972, Speidei and Meadow first noted that sorne 

children of epileptic mothers had a recognizable pattern of 

major and minor anomalies, thnugh no single anomaly was con-

sislently found in aIl the children. Foilowing this, 

seve ra 1 st ud i es a ppea red concern i ng the re 1 a ti onsh i p be l\oJeen 

AC drllgc; and minor anomalies (Barr, 1974; Hanson et al., 

1976). In particular, a relationship was reported belween 

PHT and distal digital hypoplasia (Loughnan et al., 1973). 

Silice then, PHT has heen reported to be responsible for cer-

tain minor congenital anomalies, constituting the so-called 

"t'etaJ hydantoin syndromf''', which was first coined by Hanson 
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and Smith in 1975. 

Andermann et al(1981b,1982) assessed the risl{ of minol' 

congenital malformations in relation to the presence of 

major congenital malformations and to maternai use of an-

ticonvulsant medications durlng pregnancy. Minor anomalies 

including digital hypoplasia with or without nail hypoplasia 

and dermal arch patterns were found significantly more 

frequently in thp offspring of trpated, as compared Lü 

untreated epileptic mothers. They concluoed that the clermal 

arch pattern may servp as a subtle indicator of thp 

teratogenlc effecLs of anliconvulsant medicat.lOll. Minor mal

formations, including altered dermatoglyphic patter'lIs, cOllld 

serve as indicaturc:; of altered morphogenesis and slIggest the 

presence of a more serious underlying dpfecl. 

Ratlng et al (1982) also stuclipd the incidence of mjnnr 

anomalies in children of epilpptic mothers, and concluded 

that chi ldren exposed to antiepi leptic drugc; in ulero haVf~ 

significantly more mlnor anomal ies than chi ldren of 

untreaterl epileptlc mothers. Minor anomalies were mure 

frequenlly observed after exposure to al leasL two an-

tiepi leptic drugs, as compared to monotherap~' (Rat in!! et. 

a1.,1982). 

Dansl\j' et al/19R7) investigated the relatiollship bp

t'''een minor blrth defecls and anticonvulsanl mpdicut Ion. 

They could not find a significant correlation belween the 

r es po n set 0 i n \' i t r 0 r Il T met a b () lit e cha Ile n g e a n ri mIn () r' 

birth dpfecls, including typka) feaLurps of the "t'pla) 
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hydantoin syndrome". Their conclusion based on this 

evidence wa~ thal the various physical abnormalities ob

served in children expospd to phpnytoin in utero may have a 

hetprogeneous etiology. That is, the fetal outcome is prob

ably mul li faclorial, invol ving a number of genetic and en

vironmental factors. 

R. MA.IOR MAI,FORMATIONS 

Dansky et al(1982a)at the MNI first studied the risk 

factors for abnormal pregnancy outcomes, including abor

tions, stillbirlhs, and major congenital malformations in a 

retrospective manner, comparing the incidence of the 

abovp mpn l i oned outcomes in the 0 ffspr i ng 0 f epi leptic women 

and epileplic men. They found that epileptlc women had a 

significantl~' highpr frequency of major congenital malforma

tion~ in their offspring than did epileptic men. The 

frpqupncy of malformations in offspring of epileptic women 

laking anliconvulsant medications in the first tri~ester of 

pregnancy was 15.9% as comparpd with 6.5% in offspring of 

epi lppt ie \wmen \-Iho took no medication in the first 

lr·impstpr·. Thpy conrluded that anlenatal exposure to an

ticonvlIlsnnLs and famlly history of major congenital malfor

matIons are impl icaled as possible risl{ factors. 

Raseo on these results, a prospective study in epilep

Lie h10mpn \../as ini tiatpd b~' the same group in order ta assess 

thp relationship beLHeen maternaI dose and plasma le\'els of 

an t i COIl\ ulsan t s dur i ng pregnancy, and the frequency of ab-



normal oulcomes. Dansky eL al.(1981, 1982b) were ahle Lo 

confirm thal antena 4 al use of PHT, PB, and primidone(PR~I) 

alone or in combinalion was associated with an incrpaserl 

risk of congenital malformations in the offspring. The mean 

dose and plasma levels of phenyloin and of phenobarhilal in 

the first trimesler of pregnancy were significanLly highpf' 

in molhers of malformed children than in mothers of normal 

children (Dansky et al, 1981; 1982b). Furlhermore, there 

' ... as a signi ficant posi Live correlalion belHeen UIP frpf!llenc~r 

of congenital malformations in the offspring and maternal 

plasma lE'vels of phenyLoin during prpgnancy (Dansl{y et. al., 

19R1; 1982h). Wltl! regard to the relaLionship betHepn 

maternaI seizures durlng pregnanC'y and abnormal prE'gnancy 

outcomes, one-half of the malformed offspring were barn Lo 

mothers Hho dld noL have any major seizures during the first 

trimes LeI' of pregnancy. 

Othpr studies have sho"-n a similar association beLt.Jpefl 

anLiconvulsant exposure and congenItal malformations. 

Lindhout et al( 19R2) also investigated the outcomp of preg

nancy in eplleptic women prospecLlvely. They revealerl Lhat. 

infants exposE'ù prenatally Lo PB or PHT show sl~Ollficalltl: .. 

more congenit.al anomalies than infants expospd La other an

tippiieptic drugs. Although dipropylacetale(VP'\), 

carhamazepine(CBZ), and ethosllxlmirle(ESi'l) seemeù ln bp rpla

lively safe, Hhen adminlstered alone or in combinatinn hlLh 

other drugs, combiner! exposlIre Lo PB and CBZ or IJP.\ 

rpsultprl in a significantly higher l'aLe of congenital 

7 



anomalies in the infants, as compared to the frequency of 

anomalies on either drug taken without PB, with or without 

othp.r medications. 

Annegprs and Hauser(1982) found that offspring of women 

with epi JepRY who took anliconvulsant medications during the 

first trimpstpr had a higll rate of major congpnital malfor-

mations (t9 of 177 or 10%). They h'ere unable to show any 

difference in the rate of congenital malformations between 

lhuse exposed to phenytoin or to barbilurales, confirming 

lhe fïndings of Dansky et al (1982a) and of Lindhout et 

a 1 ( 1 9 8 2 ) . The~' aIs 0 cou 1 cl no t fin cl l h a t the s i b 1 i fi g S , 

ni P('Ps, and npphews 0 f prabands wi th epi Ipps~r h'ere al 

elevHted ru;;'. for major congenital malformations. 

As Dansky el al have shüwn(198t; 1982a, L), anlenatal 

exposure to anticon\'ulsant drugs appears tü be one of the 

possihle causpc; for thp inrreasecl incidencp of congenital 

malformations and olher abnormalit.ies among childrpn of 

epi leplic women. An experimental study in mlCp had pre-

\' i ous J~' re\,pa 1 ed tha l lhe te ra logen i c effec ts of phen~·to in 

('orrelale \.JÏlh in('rea~dng dusagp and plasma levels during 

pregnancy (Ftnnpll, 19HO). 

Serum anl ic'ollvulsanl levels have heen shown ta decrease 

during pregnancy and rpturn tn prepregnancy levels postpar-

tum (lJallsky pt al., 1982c). This fnct may he one of thp 

rens on e; lolhy t he se i ZII re f requency i ne.: reases du ring pregnane.:y 

(Rpmillnrd etal., 1982; Bardy, 1982). Thempan ratio of 

plasma 1 e\'e 1 lü dose 0 f phpnylü i n wae; found tü be s 19-

8 
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nificantly decreased during pregnancy (Dansky el al. 1 

1982c). Factors ,,,hich may explain this decline are: 1. 

decreased intpslinal absorption; 2. dpcreased protein 

binding; 3. increased volume of distribution; 4. increased 

hepalic clearance; 5. increased renal clearance; G. in-

creased budy weight, among others (Yerby, 1987). Il O\,H~ V P r , 

during pregnancy and poslpartum, there was considerablE' 

variation in the plasma level/dose ratin among indl\'irluals; 

betwppn diffprent pregnancies of thp same individual; and 

w i th i n pre ~ n a ne i es (D ans J{ y e t al., 1 9 R 2 c) • Da n s 10' et al. 

(1982c) suggested that there is sorne proleclivp factor \./ith 

respect tn ~elzures oppratlng in pregnant epileptic wompn, 

the mos t li !{e 1 y be i ng pt'ogps te ronp. Ho re rpeen L st IId i P\, 

h II \' e s hm-ln th a t 1 aIt hou g h the r e i sas i g nIf 1 ca n t d e cre Il sei n 

t 0 ta 1 an tic () n \' u 1 san l dru g 1 ev el s d Il r in g pre g n a n e y, U1f' f l' f' p 

levels uf t..hese antlcOn\'ltlsants do nnt change signif)(~antlYI 

beeause prolpin binding decreases during pregnancy (PprtlCCa, 

1987). 

W i th l'es pee t ~o mechan i sms 0 f ter'a togpnes i s. bo th 

animal sluclips and human epiriemiol(Jgical studies suggpst. th .. 

existence of gpnptic differenC'es in suscpptlbilit:: tn 

phenytoin-indllced birth defects Plal'Lz pt al., l!lïï; St rl('I\-

1 e rel al., 1 9 8 5; Dan s I{ y e laI ., 1 98 7 b). S L l' i cid pre t 

al (198:5) Ivere able ta demonstratp a strong correlat Ion be

tween a genetica] ly-dpLprmined defecl in phpnyluin arpne 

oxide deto:ofication and the frequetlcy of major blr'th 

dpfects in thp offspring. This cOITPlat iOI1 would sll~gpc;t 
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that this inherited abnormality can strongly influence the 

l ikelihood af major adverse effects of the drug on the 

developjng retus. Thus pharmacogenetic differences in the 

detoxificalion of phenytoin arene oxide metabolites may con

tribute to the development of birth defects in children ex

pased ta this drug in utera. 

While focusing on the teratogenicity of AC drugs, sorne 

studies concluded that not only AC drugs, hut also genetic 

predisposilion, contrihuted to the congenital malformations. 

B,ierltedal el al. (1982a) found thaL congenital malformations 

did not arcur more frequently in children of treated epilep-

tic motherc; than in children of control mothers. Janz 

(1982h) found no significant difference in the incidence of 

major congenItal malformations between children of treated 

epileptic mothers and controls consisting of children of 

untreRlerl epilepllC mothers and of epileptic falhers. Friis 

(1979; 1982) found an Increased frequency of parents ,dth 

epi leps,}" among J91 patIents '-Ii th orofacial clefts in Den

ma rIt, h' i th ou t any di f fe rence be tween the i ne idence 0 f 

epi lepsy in mothers and in fathers. 

G. SERUM FOJ,ATE 

As anolher r isl{ fact or, the serum fola te leve 1 has been 

disrussed. In 1972, Speidel and Meadow suggested that low 

serum folate le\'els in the mother may be associated with 

mn.Jformntions in the fetus, since anticonvulsants of the 

bar'biturate and hydantoin groups are kno'-In to reduce serum 

10 



folie aeio ]pvels. In experimpntal studies, folate 

de f ie i ency has been shol·m to produce congen i ta 1 ma 1 forma-

ti ons 0 f many organ sys tems as I ... e Il as embryon i e 

death(Nelson et al., 1955; Kinney and Morse, 1961; Jordan et 

aL, 1977; Crandall and Rrazier, 1978). Furthermore, il is 

suspeeted of causing similar damage to the human fetus. 

Several studies showed that vitamin dpficiency was a factor 

in the genesis of neural lube deferts (Smithells et al. 

1976, Shppparo et a1., 1989), and Trots et at,(1987) 

demonslrated the reduction of neural tube defecls by folate 

in mouse model. A number of stuoles have pxhibiLprl sig-

nificantly lower folate levels in treated nonpregnant 

epileplics as compared with control sllbjecLs (Baylis et ni., 

19;1; DellaporLac; et a1., 1982; deI Ser et al., 198~). In 

normal prpgnancy, maternaI folate eoneentraLiomi del'Ilnp 

progresslvel;.; ciue tn the increased folale reqllirementCi of 

th p ma III e r a n ct f e Luc; (S col tel al., 1 9 ï 0; B a y Ils P t al., 

19;1; Crandall and Brazier, 1978). Thus, epilepllt, Homen 

tah:ing AED m[\~' have an increasE'd risk of folale deficietll')' 

du ring pregnanc~', and an ad\'e rse pregnanc y ou tcomp mi gh 1 0('

cur if folale lpvels arp inadpC]IJate ln early pl'egnall!'y. 

Dansk~' el al (198;a)examined the relationship bE'tl-leen folatp 

dpficiency during pregnancy and congeni lai mal formations in 

the offspring. The ~. fou n d th a tac 0 m h 1 na l Ion 0 f PH T t H J{(~ li 

together l-lith PB or PR~ll ... ith or wit.hout othpr' anLicon\'IIJ

san t s , ... a sas soc i a te d '-l i th the h i g h est r i Ci k off 0 1 a te 

de fic i p n (' ~', b II t b 1 () 0 d fol [\ tel p v e 1 s l-l e r e n 0 t c: 0 rI F:d;l t p. (j w i t h 

Il 
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plasma VPA or CBZ levels in the small number of women 

studied. They concludpd that anticonvulsants might increase 

the risk of folate deficiency and result in a significant 

increase of malformations during pregnancy. 

However, several other studies (Hiilesmaa et al., 1983; 

Ogawé\ el al., 1985) dld not find any association bett.;een lot.; 

serum falate Ipvels during pregnancy in epileptic women 

takin~ anticonvulsant drugs, and congenital malformations in 

thpir offspring. 

D. DRUG INTERACTIONS 

In recent years, the number of drugs taken by epileptic 

\"ompn our i ng pregnancy has become the focus of various 

studips. T n 1 9 8 0 Na!t an e e t al. fou n d th a t the i ne i cl e n c e 0 f 

mal formations was parlicularly high when three or more drugs 

were camblnpd, inrreaslng two raId in three-drug regimens 

anrl about fOllrfold in four-drug regimens, as compared with 

ll"O-d l'Ilg reg 1 mens. Sorne s tud i es have reporled tha t bet te r 

ou lcompc:; 0('('\1 rred in women rece i v i ng mono the rapy than 

polylhprRpy (Janz, 1982a; Yerby, 1987). Furthermore, 

Lin li h 0 Il t e t a l. ( 1 9 8 2; 1 ~ 8:} ), and Kan e !w e t a 1. ( 1 98 4 ) 

aIH\IY7.ed th!' rplatlonship between parlicular comhinations of 

AC d l'I'gs and congen 1 ta 1 ma l fo rma tians, and found hi gh ra tes 

of congenital malformations in subjects exposed tü combina-

t ions of CBZ, PB, and VPA with or without PHT; as weIl as in 

combInaI ions of VPA and. CBZ with or without other agents. 
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1. CBZ AND VPA 

CBZ and VPA have been introduced as AC drugs in Norlh 

America in the past 10-15 years. Although CBZ was known aH 

a relatively safe drug among AC drugs in terms of ils 

teratogenicity, several recent studies have suggesled thal 

it may also have adverse effects on the retus. In 1985, 

Niesen and Froscher reported one case exposed to CRZ in 

utero in which they observed distinct fingernall anrl 

toena11 hypoplasia, and suggeslerl that it might indicatp a 

CBZ-induced growth inhibition. Hlilesmaa pt al.(1981) nolerl 

that the head circumference of infantR expoR!"rt in IItero tü 

CBZ t-las found to bp significantly smaLler as compared lo 

control infants. Recently Jones et a1.(1989) shol~ed both 

prospeclively and retrospectively a pattern of craniofacial 

and limb malformations and of developmental delay in 

children exposed tu CAZ. Lindhout et al. (1981) ralsed the 

possibillty that the low teratogenic potential of CBZ mny bp 

enhanced wh!"n the drug i8 taken together with ather AC 

drugs, because 0 ther AC drugs ma;\" i nh i bit thp syn theR i S 0 f 

the detoxifying enzyme epoxide hydrolase and result in ail 

accumulation of the CBZ-10,11-epoxide(CRZ-E). MI" 1,)8 r et 

al. (1984) fOllnd that a combination of valprornldp(VI\~I) and 

CBZ results in ft rise in lhe plasmA. concentratIon of the ac

tive CBZ-E mplabolite, prohably because of selective inhibi

tion of the enzyme epoxide hydrolase. 
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E. VPA AND NEURAL TUBE DEFECTS 

VPA takpn during pregnancy has been associated with an 

inrreased risk of neural tuhe defects in the offspring sinee 

1982. In that year, Robert and Guibaud in FrancE' reported 

tha t an unus ually hi gh proport i on of i nfan ts wi th spina 

bifida (9/72) had mothprs with epilepsy who were taking VPA 

during pregnancy. Lindhout and Schmidt (1986), in a eo1-

laboralive prospective study, estimated the risk of spina 

b i f idfl as 1. l to 2.5% in chi1dren of women using VPA 

durlng pregnanry. Severai animal studies have shown dose

relnted teratogenicity with VPA (Bruckner et aL, 1983; Nau 

and Scott, 1987). 

fi'. MATERNAI, SERUM AFP 

Sinee 1973, elevatpd maternaI serum alpha-fetoprotein 

(MS-AFP) ha~ been used to identify pregnancles at risk for 

oper. neural tube defpcts (Lee/{ el al., 1973; Broch: et al. , 

1 n 7 3) . Ventral abdominal wall defeets, intestinal atresias, 

and saC' rococcygea 1 tera lomas have also been found to bp as

soc i a t e d \01 i the 1 e vat e d N S - AFP (C 1 a r k e t aL, 1 9 7 7; Sc h m i d L 

and ~lllhlethala, 1975). Decreased MS-AFP has been associated 

h'ith lris()m~' 21 (Cuckle et a1., 198'1; Merkatz et a1., 1984). 

AmllioliC' fluid AFP (AF-AFP) is predominantly an 

111 t r'afi Itrate of the fetal kiùneys. The kidne:-"s filter fe

laI serum AFP (FS-AFP) and exrrete AFP into the fetal urine, 

a major' source of amnlotic fluid. Another source of AF-AFP 

may hl-' l ransuda li Oll 0 f FS -AFP t hough t.he nonh:era tin i zed fe-
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tal skin. MS-AFP is entirely synthesized by the ff'tus. Thus 

the level of MS-AFP during pregnancy changeR with lhe stage 

of gestation, and may be of value in helping tn prpdicl a 

prenatal growth deficiency or major malformations. For nor

mal fetuses, a lin0ar relatianship between fetal weight and 

maternaI serum alpha-fetoprotein (bath corrected for gesta

tional age) is found (r=O.41, p<O.Ol) (Palomaki et al., 

1988) • 
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OBJECrrVES 

The purpose of our study is to compare the incidence of 

major malformations in pregnancies studied prospectively be

tween 1982 and 1989 with the incidence of such malformations 

found in the studies conducted by L.Dansky and her co

workprs from 1971 to ]984. 

Speciflcally our objectives are: 

(l)To compare our resu]ts with the data of Dansky et 

a1(1989) with respect to incidence of malformations; neona

tat growth parameters; type, number and combination of an

t ieonvll] san t drugs used dur ing pregnancy; and serum drug 

levels in each trimester; 

(2)To determine positive and negative risk factors for mal-

formations in the offspring; 

(3)To sludy lhe teratogenicity of the newly introduced an-

liconvlllsant drugs; and 

(1)To pxamine the relationship between MS-AFP and the fol-

l(H.dng parameters: serum AC drug leveIs, serum and red cell 

foJale leveIs, and pregnancy outcome. 
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PATI ENT MATER lAI. 

A. PRESENT MATERIAL 

The patient malerial comprised 103 epileptic women who 

had 115 pregnancies followed prospeclively at the Montreal 

Neurological Hospital(MNH) between 1982 and 1989, nonp of 

which were included in th€-' study of Dansl{y et al (1989), 

wh ich focused on women w i th epil epsy a t thp same i ns ti Lu Li on 

who had pregnanc i es fo 1 1 Ol.,ed prospecti ve 1 y be LHeen 1971 and 

1984. Among the 115 pregnanc 1 es in the presen t s Luriy, U\f-'re 

Here 90 1., i th suf fic ien t fo 11 Ol.,-UP 0 f the pregnancy ou Le ornes 

(Table 2). THelve patients are included Hith more lhan olle 

pregnancy each. We excluded therapeulic abortions and ar-

tificial abortions, except when the reason for abortion Has 

fetai ahnormal i ty. 

B. PREVIOUS MATERIAL 

This material \-Jas studied and reported by L.Dansl{y and 

her cO-Horl{ers(1988, 1989). It comprised 91 epileplic women 

Hho had 119 pregnancies folloHPd prospectively bet\-Jpen 1971 

and 198'1 (Table 2). Nineteen patients had more t.han one 

pregnancy. Al though there Has no overlap bet,.,pen the prpg-

nancles reporterl. in the two studies, a few moUler<=; had preg-

nancies in both sturl.ies. 
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METlfons 

A. METHODS FOR OBJECTIVES 1 AND 2 

Detailed medicaI, family, and reproductive histories 

were ohlained according to a standardized protocol from the 

women and thelr husbands. This frequently necessitated 

several interviews and the medical information on patients 

and relatives was documpnted by reports from physicians and 

hnspitalR, whenever possible. The women were followed at 

mnnt.hly intervals until term and postparlum, Hhenever pos

sible. At each visit, the pregnancy history, including 

maternaI seizures and antlconvulsant intake, Has revieHed, 

and blood antlconvulsant levels, as weIl as the serum and 

red ceII folate levels, were monitored. The antenatal, 

deI ivpry and neonatal records t<lere reviel<led for each preg-

nanc'Y· Infants were examinpd by tHO physicians, including 

one child neurologist, at least once after delivery. 

1. PREGNANCY OUTCOMES 

The pORsible abnormal pregnancy outcomes were major 

mal formations, minor malformations, spontaneous aborlions 

anri aunorma 1 grol"th parameters. 

t--Iajor malformations were defined as major structural 

dpfepts present, or presumed to have been present, at birth. 

Major mAlformations were divided into two categories: 

developmental defects(DD) and congenital postural deform

ilieR and hernias(PDH). 
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The developmental defect group is defined as a mor-

phologic defect of an organ, part of an organ, or a IArger 

area of the body, resulting from an intrinsically abnormal 

developmental process. Types of abnormal morphogetlE'sis are: 

(1) Incomplete morphogenesis: lacl{ of dE'velopmenl, 

hypoplasia, incomplete closure, incomplete separaLion, in-

complete septaUon, incomplete migration, incomplpte rotn-

tion, incomplete resolution of early form and per~isterH'e of 

early location, (2) Redundant morphogenesis, such as 

po 1 ydacty 1 y (3) Aber ran t morphogenes i s, such as meel i as li na 1 

thyroid gland. 

The postural deformity group is defined as an abnormal 

form or position of a part of the body caused by nOlldic;r'llp-

tive mechanical forces. Important deformlties includp clllb-

fool, congenital hlp dislocation, and congenital postural 

scoliosis. 

The henda gr'oup \-las added to the spcond cate~()ry hp-

cause inguinal and umbilical hernias are relatively common 

in the general population and clinically insigniflcanL 

Furthf"rmore, sorne hernias are caused by mechanieal forc:f>s 

(Gray et al., 19ï2). 

The minor anomalies included in this study ar'", Ilsted 

in Table 3. AlI minf'r anomalies were nolec! for each infallt 

and thf" total Humber was used for comparison. Whpn the 

minor anomaly was only sI ight, a score of 0.5 was glven. 

The gro, .. th somalie parameters (weighl, lenglh, and h."ad 

circumference at bi rlh) '''ere ohlained from the hi rt.h 

19 
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ro<,ords. The mea~ured values of the somatie parameters were 

converted into standard deviation scores (SDS), which indi

cate thE' extent of deviation from the mean of the normal 

controls. The normal control values and standard deviation 

scores Were obtained from the data of Usher and 

McLean(1969), based on the 8ame hospital newborn population. 

2. GENERAL RISK FACTORS 

Alcohol inlake and smoldng during pregnancy, fam.ily 

history of congenital malformations, family history of 

epilepsy, maternaI age, parity, and mean gestational age 

He rp ana 1 yzed . A 1 colla 1 in ta!{e and smold ng du ring pregnancy 

Here regarded as risk faptors when, on a daily basis, more 

lhan one glass of Hine was drunk or more than ten cigarettes 

smokpd. These da1a we1'e lIecessarily based on thp informa

tL fi ~upplied hy the patlents. Gestationul age l"as es

timaled on the basls of the date of the first day of the 

lasl menstrual period and the date of delivery. Weeks of 

gestation refer to compleled weeks of gestation. Where 

there Has disagreement betl.,reen the estimaLed gestational age 

as detprmined by ultrasollnd ard by the Iast menstrual 

perion, the ullrasound d~termination was used. 

3. RISK FACTORS RELATED TO EPILEPSY IN MOTHER 

Age at onRet of selzurps, duration of epllepsy, and 

~eizllrec:; during pregnancy \.Jere carefully noted. Serum AC 

drug lev~ls, and serum and red eeli falate levels were 

~o 



monitored pre-pr'egnancy, at monthly interva]s during pr(>~

nancy, and postpartum. 

4. MATERNAL SERUM AFP 

~Iaternal serum AFP was monitored at each visit, al t.he 

same time as the anticonvulsant Rnd folate levels. 

More than 20 variables were compared between the prpVlOUS 

and present studies, employing the statistical methodR 

described be]m.;r. 

B. METHODS FOR OBJECTIVES 3 AND 4 

We combined the data from the present and preVIOUH 

studies and calculated the rate of major malformations for 

each AC drug alone and in combination. In additlon, Iole com-

pared CBZ-E l eve 1 sin pa li en ts on CBZ mono thp rapy and on 

comblnalion therapy wlth CBZ and VPA. The ratios of eBZ

E/CBZ t.;rere compared be fore and du ring pregnatlcy in 0 rdf'r lI) 

assess the changes in these ratios due to drug lnteraclion 

and to pregnancy ltself. 

1 n the pre s e III s tu d y, toi e i n v est i g a te d the cor n~ 1 a Li Cl n 

between the serum AFP levels and the serum AC levels and 

serum folale levels al differenl stagee:; of gestation, ln an 

effort to determine \.Jhether the serum AFP level sare COI'l"P

lated with serum AC levels and/or serum folate levels. 

Since the serum levels of AFP change during pregnnncy, lWIJ 

samples t..;rere chosen for analysis in each pRtient, one bf!-
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tw~en the 16th and 20th week, and the other belween the 20th 

and 21th week of pregnancy. 

c. S1'ATISTICAI. METHODS 

Student's t-Lests and chi-square tests were the main 

slatistical test.s used in this study. When the Hample num-

bers were particularly small, Fisher's exact probability 

Lest or Yates' correction were used. In addition, linear 

regression was employed, and the Spearman rank correlation 

coefficient was used when the distribution of the sample was 

asymmetrical ahout. zero. We deflned P<O.05 as a statisti

cally significant difference. 

22 



RESULTS 

A. OVERAI.lL OUTCOME OF PREGNANCY 

1. MAJOR MALFORMATIONS AND SPONTANEOUS ABORTIONS 

Of the 116 pregnancies with known outcome in the pre

vious study, 21.1% had major malformations (developmenlal 

defects in 11.2% and postural deformities and hernias ln 

l2.9%)(Fig. 1, Table 4). In the present study, 8.8% of 90 

pregnancies lvith known outcomf' had major malformations 

(developmental defects in 4.1% and postural defol'mi LIe" and 

hernias in 4. 11%). Thus the frequf'nf'y of ma.Jor congpnital 

anomalies decreased significantly in the present sludy 

(p<O.Ol)(Fig. 1, Table 4). The df'crease in postura 1 deform-

ities and hernias was also statistically signifieanL 

(P< 0 . 05 ), lvhe reas the decrease in df've 1 opmen ta J de t'pp ts di d 

not rf'ach stal1stical significanee. Six pregnancie~ (5.2%) 

in the prpvious study and nine (10%) in the present sludy 

ended in spontaneolls abortlon, and this does not represp.nt a 

significanl difference(P>0.05)(Fig. 1, Tablf' 4). The 

speei fie types of major congenital malformations anLl the 

corresponding AC drugs lalten by the molhef's during the firsl 

trimester of prpgnancy in both studies are Ilsted in Tahles 

5a and 5b. 

Wi th regard to i nd i vi dua l anomal i es, congen i ta 1 hear l 

defects (C"D) and foot deformities decreased dramalieally, 

and cleft lip with or withoul clpft palate (CLP), 

hypospadias and subluxaled h1ps also deereased in fre~upncy 



-

in the present study (Tables 6, 7). In the previous study, 

venlricular septal defects (VSD)(2.6%) occurred 10 times 

more frequently than in the general population 

(O.25%)(Bergc;ma, 1979)(Table 7). Fool deformities (3.2%) 

wpre 6 tü 30 ti mes more frequent than normal (O. 1-

O.5%)(/'ovell, et aL, 1986). The incidence of CLP (1.7%) 

was 17 Urnes greater, that of hypospadias three times 

grealer, and that of subluxated hips twice that observed to 

occur in the gpneral population (0.1%, 0.5%, and 0.92% 

rpsperlively)(Carter, 1969; Bergsma, 1979; Llndsay, 1979a, 

b; MacEwen et al., 1986) (Table 7). 

In the present study, both atrial septal 

drfects(ASD)(l.l%) and tptralogy of Fallot (1.1%) were 10 

limes higher than i8 normally the case (O.l%)(Table 7), al

though only one chi Id ,,,i th each was observed. There '''as no 

foot deformll7>'. The incidence of CLP (1.1%) '''as 10 lImes 

higher than in the general population. No hypospadias or 

c; Il h 1 u x ale d h i p s , ... e r e 0 b s e r v e cl • 

As for inguinal hernia, both studies had almost the 

SAme incidence: 4.3% in the previüus and 4.4% ln the present 

st, U d 7>' . Till S 1 i es we 1 l "d th i n the ris k 0 foc C li r r e n c e i n the 

Menera! population (1-5%)(Gray and Skandalakis, 1972; 

(3prgsmn, 1979; Klauber and Sant, 1985; First and Snyder, 

1989)(Table il. 

2. MINOR ANOMALIES 

Minor anomalies were carefully noted in 73 children in 
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the previous study, and in 64 chi ldren in the present slurly. 

In both studies, the number of minor anomalies in ench child 

varied from 1 to 17. The distribution of thp numher of 

minor anomalies in each child in the two studies is plolterl 

in Fig. 2. There was no significant diffprence bplween the 

two study groups \.1ith respect to the overall distribution of 

minor anomalies among the offspring (Fig. 2). HO"'P.VPI', ~.[t1t:'1l 

the number 0 f ch i Idren ,d th .$..5 anomal i es was compa red w i th 

010 s e w i th> 5 an 0 m a J i es for the t w 0 s lu d y g r 0 u p s, the ct i f

ference was statistically significant (P(O.05)(Tuble R). 

3. GROWTH PARAMETERS AT BIRTH 

No stalistically significanl difference was noled in 

head circumference(HC), body weight(BlV) or body len~th(Br.) 

between the t'-lO studies (Fig. 3, Table 9). In thp present 

study, there Was no significant difference in HC, m.; and BI. 

between the monotherapy and polytherapy groups. l n t1lP p l'f~ -

vious study and in bath studies comblned, He "'as Sl~

nificantly lot-ler in the polytherapy group than in the 

mon 0 the ra p~' gr 0 u p (P < 0 . 0 1 ) ( Fig. 4). A co m par l s () n 0 f th P. B W 

and BL data recorded for the monolherapy and polytherapy 

groups of bath sludies combined revealed no significnnl dif

fprences. 
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R. COMPARJSON OF RISK FACTORS RETWEEN 80TH GROUPS 

1. GENERAL RISK FACTORS 

The incidence of alcohol ingestion, smo~ing during 

pregnancy, maternaI age at delivery, and gestational age did 

nnt vary significanlly from one ~roup to the other (P)0.05). 

The fr'equency of first-born children, and the distribution 

of firs'-, second and third pregnancies also did not differ 

significanlly betl.Jeen the two studies. 

Onlya positive family history of major congenital mal

formations in first, spcond, or third degree relatives 

reached a statistically significant difference, being higher 

in U1P previolls study (P<O.OI) (Table la). In both studies, 

malformed offspring with CliD or CLP had no family history of 

thpse particular anomalies. However, half of the offspring 

with foot deformitieR, subluxated hips, and inguinal her

nias, as weIl as the two afflicted with hypospadias, had a 

history of similar defects in other family members (Table 

1 1 ) • 

2. RISK FACTORS RELATED TO EPILEPSY IN MOTHER 

Tab l es 10 and 12 compare the two groups wi th respec t to 

the freqllency of major and minor epi leptic seizures during 

lI1P fi rst and sllbspqllPn t tr i mes ters, age a t onse t 0 f 

epi lepsy, dllration of epilepsy and dIstribution of epilepsy 

types. Thf' prey i OllS 8 tudy ind i cates tha t, over aIl 

lrimpsters nf pregnancy, major seizures occurred in 45 preg-
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nancie~ (40%) and minor seizures in 43 pregnancies (45%). 

The present study, on the other hand, lisls 31 pregnpncies 

with major seizures (37%) and 31 pregnancies with minor 

l'Ieizures (37%). The differences between the pre\' ialls and 

present studies did nat reach statistical significance 

(P)O.05) (Figs. 5, 6). 

3. RISK FACTORS RELATED TO ANTICONVULSANT DRUGS 

a) COMPARISON OF DISTRIBUTION OF MONOTHERAPY AND 

POLYTHERAPY IN BOTH STUDIES (Tahle 13) 

In thG IJrevious study, 40% of aIl patipnts '~ere lrealpd 

with monatherapy and 57% wlth polytherapy (twa or mare AC 

drugs). The rema i Iling 3% had no AC drugs. In the pl'esen L 

study, there were 68% on monotherapy, 27% on polytherapy, 

and 5% l-rithout medication. Mono therapy was uspd w i lh Ft 

slgnificantly greater frequency in the present than in the 

previous study (P<O.Ol)'. Furthermore, the avprngp number 

of AC tirugs taken during pregnancy was significantly 101"pr 

in the present study (1.3 vs. 1.7; P<O.OI)(Table 13, Fig. 

7) • 

There was also a significant difference in the types of 

AC drugs prescribed during the first trimester of prpgnancy 

in the tHO studips (Table 11). In the present study, PffT, 

PB and PRN '''ere prescribed less often (38% vs. 74% and 1 '1% 

vs.44%, P<O.01; 6% vs. 17%, P<O.05), whereas carbamazepine 

and valproic acid '~ere used more frequently (3H% vs. 19% and 
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22% vs. 8%, P<O.Ol) (Table 14). 

b) FREQUENCY OF MAJOR CONGENITAL MALFORMATIONS IN THE OFF

SPRING IN RELATION TO MATERNAL ANTICONVULSANTS ISOLATED AND 

IN COMBINATION DURING THE FIRST TRIMESTER OF PREGNANCY 

( Fig s. 8 anù 9) 

The prev i ous s tudy demons tra ted tha t 50% of the preg

nancips in which the mothers took PRM alone or in combina

tion resulled in offspring with major malformations. It 

also shewed that 26%,25%, 25%, 22%, and 9% of the preg

nancies in which the mothers were on PB, PHT, ESM, VPA, and 

CBZ rpspectlvel~r also resulted in offspdng with major mal

formations (Fig. 8). The present study, on the other Iland, 

shol./s that 20% of the pregnaneies in ,,,hieh the mothers took 

VPA, 15.4% on PB, 8.6% on CBZ, and 2.9% on PHT with or 

wi thout other anticonvulsants, resul ted ln offspri ng dis

playing major malformations. Only PHT resulted in a sig

ni ficant.1y lOI.;er frequency of major malformations in the 

prespnt study (P<O.05)(Figs.8, 9). 

c) FREQUENCY OF MAJOR CONGENITAL MALFORMATIONS IN THE OFF

SPRING IN RELATION TO MATERNAL ANTICONVULSANT MONOTHERAPY OR 

POLYTHERAPY DURING THE FIRST TRIMESTER OF PREGNANCY (Figs. 

t 0 and 1 t ) 

~or monotherapy, the previous study associated 1 of 3 

(:l:l%) pregnatlcies on VPA, 2 of 7 (29%) on PB, 2 of 8 (25%) 

on roz, and G of 21 (25%) on PHT I"ith major congenital mal-
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formations. Furthermore, 5 of 9 (56%) of pregnancies in 

which the molhers took a combination of PHT, PB and PRM 

resulted in offspring with major malformations, as did 2 of 

5 (40%) on PHT and PRM, 1 of 4 (25%) on PHT and VrA, of 4 

(25%) on PHT and ESM, and 4 of 27 (15%) on PHT and PH (Fig. 

10) . 

In the present study, three of 12 pregp~ncies on VPA 

monotherapy (25%) resul ted in offspring Hi lh major mal forma

t ions, as cl id th ree of 24 (12,5%) on CBZ mono lherapy, and 

one of seven (14%) on combineJ PIIT and PB (Fig. 11). No 

major malformations resulted from 20 prf~gnancif"s on PUT 

mono therapy in th e presen 1 s l udy, and th i s repres8n Led a 

significant decrease of major malformatIons in the prf"RPnl 

ae;; compared to lhe previous st.udy (P<O.05)(Figs. 10,11). 

The frequency of congf>ni laI malformations on CHZ monothprapy 

t<las al so si gn i fi can 1 l Y decreas ed in the presen t s tudy 

(P<O.Oll, and no dpvelopmental defects t<lere recordt>d. One 

of tt" ') ch i 1 dren expoRed ta VPA and PB in comb i na lion had an 

inguinal hernia. 

d) PLASMA ANTICONVULSANT DRUG LEVELS AND THE OUTCOME OF 

PREGNANCY 

(Figs. 12,13,1'1) 

We compared thp plasma AC levels of PHT (isolatf"d and 

comhinedl, caz (isolated and comblned) and VPA (combined 

only) meRsured during the first, second, third and aIl 

trimeslers comhlnetl for both grollps. 
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In lhe case of PHT in combination, as weIl as in that 

of CBZ in combination, there WaS no statistical difference 

for any of the trimesters (P(0.05). 

For PHT monotherapy, the present study recorded sig

nJficanlly highpr plasma PHT levels for the first trimester 

than d id the prev ious s tudy. In the case of the other 

trinleslers, there were no significant differences (Fig. 12). 

For CRZ monotherapy, no significant difference in 

plasma CBZ levels between both groups was detected in any of 

th~ trimesters or in aIl trimesters combined (Fig. 13). 

VPA was studied in combined form only because there was 

an insufficient number of patients on VP~ monotherapy in the 

prpvious study tü allow us lo compare the findings with 

those in the present study. A statistlcally significant 

difference WRS se en for the second trimester and for aIl 

trimesters combined, Hith higher plasma levels in the 

present lhan in the previous study (Fig. 14). 

e) COMPARISON OF SERUM FOLATE LEVELS BETWEEN THE PRESENT 

AND THE PREVIOUS STUDY 

The patlenls in the present study had significantly 

hi ghp r serum fa la te 1 eve] s than those in the previous s tudy 

i Il the second and thi rd trimesters and for a11 trimesters 

combined (Fig.15). 

More pat ient s in the present study Here taldng folate 

sllppl emenls dllri ng pregnancy than did thüse in the previous 

sllldy (98% vs. 81%, P<0.05)(Table 15). Furthermore, the 

30 



previaus study registered low serum foLate levels «4ng/ml) 

in the first and second trimesters of pregnancy in 11 out of 

40 pregnanc ies (35%), as compared ta 22 0 f 8 t pregnanc i e~ 

(27%) in the pre~ent study. The di fference i8 not sLati sU

cally significant (P)O.05)(Table 15). 

C. A COMPREHENSIVE SURVEY OF THE COMnINED DATA COMPlLEn IN 

BOTII THE PRESENT AND PREVIOUS STUDY 

1. MAJOR CONGENITAL MALFORMATIONS IN THE OFFSPRING IN RELA

TION TO MATERNAL ANTICONVULSANTS DURING THE FIRST TRIMESTER 

OF PREGNANCY 

In the case of AC drugs (isolated and in combjnnLJ\In), 

major mal formations occurred most frequent ly in thp off'spr

ing of epi leptic !wmen taking PRM(40%), folloh/ed by PB( 2~%), 

ESN(22%), VPA(21%), PHT(18%) and CB2(9%) (Fig. 16). 

Developmental defects were most frequpnt wlth PRt-1(21%), fol

IOh/ed by VPA ( 13.8% ), ESt-l ( Il . 1 %), PB ( 10.9%), and PHT ( 1 () .0%) . 

CBZ !.Jas assoc ia ted \.Ji th the 1 owes t f requency 0 f dpve 1 opmptl

tal defects (1.8%), and this was significantly IOHer tllfln 

the frequpnc~' of developmental defecls for aIl olher an

ticonvulsants comhined (P<O.Ol). 

The frequenc i es 0 f devel opmen ta 1 anoma lies and 0 f pos

tural deformitles and hernias !"rere about eqllal for PI/T, pR, 

and ESN, bu l deve l opmen tal de fec Ls we re mas t freq IIPIl L \.J i th 

PRN and VPA. 

In the case of il'iolated AC drugs, 2;% of pn~gnancip" 
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exposed to VPA monotherapy resulted in offspring with major 

malformations, as did 20% on PB monotherapy, 15% on CBZ 

monotherapy, and 13% on PHT monotherapy (Fig. 17). DD were 

seen mos t frequently wi th VPA monotherapy (27%), followed by 

PHT monotherapy (7%), and CBZ monotherapy (3%). No DD were 

seen in 10 children of mothers on PB monotherapy. The 

frequpncy of DD wi th VPA monotherapy was signi ficantly 

highpr than the frequency of DO for aIl other AC 

monotherapies combined (P<O.OI). No DD were seen on VPA 

po 1 ytherapy, hut the di fference be tween VPA monotherapy and 

polytherapy was not statistically significant. The 

frequency of DD wlth CAZ a]one or in combination was sig-

nificantly lower th an 

combined (P<O. 01). 

for aIl other anticonvulsanls 

Postural deformities and hernias were most often as-

socialed t.Jith PB and CBZ monotherapy (20% and 12.5%, 

respeclively), The frequencies of DO and PDH were about 

equal fol' PHT mOllotherapy (6.R% each). For specifie drug 

comb i na ti ons, 5 0 f 10 (50%) pregnanci es on PHT, PB and PRM 

comhined rpsulted in offspring with major malformations, as 

did 2 of 5 ('0%) pregna/lcies on PHT and PRM, 1 of 4 (25%) on 

PHT and ESM, 1 of 6 (17%) on PHT and VPA, ani 5 of 34 (15%) 

on PHT andPB (Fig. 17). Larger numbe1's of specifie drug 

c n m h i n El l ion s t./ 0 U l cl ber e qui r e cl t 0 cl ra!.,T de fin i tee 0 n c 1 us ion s 

about thei1' relative teratogenicity. 

Comparing the incidence of major malformations between 

tht-> monolherap~' and polytherapy groups for the tlW studies 
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combined, we find that, in the monotherapy group, thesp oc

curred in 19 of the 108 pregnancies (17.6%), whereas in the 

polytherapy group, they occurrf'd in 17 of thf' 98 pregnancieR 

(17.3%). The difference is not slaliblically significant 

(P>O.05)(Table 16). DO occurred in 8 of 108 pregnancif's on 

monotherapy (7.4%), and in 9 of 98 pregnancies on 

polytherapy (9.2%), but thp difference is also noL slalisli

cally significant (P>O.05)(Tahle 16). 

2. GROWTH PARAMETERS AT BIRTH IN RELATION TO ANTICONVULSANTS 

a) MONOTHERAPY AND POLYTHERAPY 

We compared He in the monotherapy and polytherapy 

groups for both study groups combined. He was significanlly 

10h'e r in the po l ytherapy than in the mono thp rapy group (Fig. 4) 

(P<O.Ol). In arldiliun, comparison of He measurf'menls when 

one, two, or thrf'f' AC drugs were used also showpd sig-

nif i ca n t d j f fer elle e s (0 n e dru g vs. t \-.rn dru g s, P ( 0 . 0 l,on e 

drug vs. three drugs, P<0.05). 

In the case of BL and BtoJ, on the other hand, '''P. fai led 

to detecl any sLatistical differences belween the 

monotherapy and polytherapy groups. 

b) INDIVIDUAL AC DRUGS 

We compared He when PHT monotherapy and PHT polythrrapy 

were used, and proceeded to do the same for eBl mnnoLherapy 

and CBZ polytherapy, PB monothprapy and PR po}yLhPI'apy fUld 



VPA monolherapy and VPA polytherapy in order ta identify the 

AC d rug mas t respons i b le for lot"'ering HG. 

HC was significantly lower when CBZ or VPA was used in 

po 1 ytherapy than when the same drug was used in monotherapy. 

No signJficant difference was recorded, however, between PHT 

monotherapy and polytherapy, and this also holds true for 

PRo 

D. COMPARISON, BASED ON THE PRESENT DATA, OF THE RISK FAC

TORR IN PRIWNANGTES WITIf NORMAl, AND ABNORMAL OUTCOMES 

1. NORMAL AND AB NORMAL OUTCOMES 

No si gn 1 fi caut d iffe rences were found wi th respect to 

maternal age, geslationaL age, age at onset of seizures, 

family hJslory of epilepsy, family history of congenital 

malformations, frequency of seizures during pregnancy, serum 

folatp levels, alcohol ingestion or smoking during preg

nancy, hetHeen pregnanci es wi th normal and abnorma 1 out

cornes, and between the normal outcome and spontaneous abor-

lion groups. Duration of epilepsy in the abnormal outcome 

group Ivas longpr than in the normal outcome group, al though 

thp difference \-Ias nat statistically significant (Tables 17 

and 1R). 

2. VPA PLASMA LEVELS 

Threp of th€> eight maJor malformations in thp present 
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study were observed among children exposed Lo VPA 

monotherapy in the firsl trimester. We compared the plasma 

VPA leve 1 sin pregnanc i es on VPA mono therapy rpsu II i n!o( in 

normal and abnormal outcomes. The plasma VPA levels for ail 

trimesters combined were significantly higher in mathers 'of 

malformed babies than in those of normal babies (8i± 2\ 

pg/ml vs. 43± 34 Ilg/ml, P<O.Ol)(Fig. 18). 

E. SERUM AFP, FOIJATE, ANT 1 CONVUlJSANT DRUG l.EVEI,S AND OUT

COMES 

We could not find Any consistent relatianship bpl,wepn 

serum anticonvulsant drug levels and AFP serum levels, or 

between sprum folale levels and AFP leve]s (FIg. 19). 

A few patients had AFP levels slighlly above normal 

range once or twi('e during the pregnancy, but thei r chi Idn->n 

were normal. The evolution of AFP levels during pregnnncy 

showed a normal pattern in aIl pregnancies, except in six 

patients. As these six normal-seeming pregnancies 

developed, AFP levels fluctuated unexpecledly. Ti-10 of t.hesf' 

pregnanc i es ,~ere obs erved in one pa li en t: the fi rs t preg

nancy endpd in a spon taneous abor tian, and the s8cond 

resulted in a mftlformed baby with CLP (Fig. 20). 

F. DRUG INT'F:RACTION AND METADOLISM OF cn? 

We compared the CBZ epoxide(CBZ-E) levels when CBZ WBS 

used in monotherapy and in combination with VP.\ (Fig. 21). 

The ra t i a 0 f CBZ- E/CBZ in the vr.'\ and CBZ comb i na U on \-las 
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higher lhan that in C8Z monolherapy for aIl three 

trimeslers, and the difference is statistically significant 

for aIl trimesters combined (P<O.Ol). 

When the CBZ-E level was measured in pregnant and non

pregnan l epi lepl ie women, i t was found ta be higher in the 

former in the first and third trimesters, and for aIl 

trimp.sters eombined (Fig. 22). 



DISCUSSION 

In a continuing prospective fallow up sludy of pregnant 

women with epilepsy monitored in the Neurogenelics Unit of 

the Montreal Neurological Hospital who delivered between 

1982 and 1989, the outcomes of pregnancy Wf're docllmented and 

compared with those reported in a previous st.udy from the 

same institution hy Dansky (1989). Although, prior ta this 

study, the cl inicsl impression appeared to suggest a 

dec rease in the freq uency 0 f majo r congen ital ma 1 fo rma t ions 

in the past fe\./ years, this had not heen statistÏt'ally dOCIJ

mented, and the various risk factors in thls time pPr-Iod had 

not bepn analyzed in comparison to the pregnanrips followed 

prospectively between 1971 and 1981. The res\llts of the 

present stud~·, \-Then compared to those of Dansl{y (1989), 

showed a dramatlc Rnd stalistical ly significant decrPBse ln 

the incidence of maJor malformations in women with epi lepsy 

taking AC drugs during pregnancy. The frequency of ma,Jor 

malformations in the present study (8.8%) is also }nwE>r than 

that in other prospective studies [Kaneko et al., 19HR 

(14%)J, and not significantly higher than in the gpner'al 

population (Table 19). 

Al though lhe teratogenic effects of AC drugs ha\ e lwen 

studied by many investigators, it is very difficult la com

pare the results of these studies. The criteria for pRUent 

ascertainment, the definitioll of major malformations, thr> 

distribution of epi lepsy tn>es, t.he proportion of int 1':H'-
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table patients, the treatment protocols, and a number of 

othp.r factors which may influence pregnancy outcome differ 

among various centers. Lindhout (1982) included dysmor

phism, mental retardation, ptosis and Down's syndrome as 

congenital anomalies, but these are not included in other 

stlldips (Kanelw et al., 1982, 1988; Dansky, 1989). Nakane 

et al. (1980) ascertainecl data from several institutions. 

Friis (1979) aseertained children with CLP, and determined 

thp frequenry of epi lepsy arlOng the parents of these 

children. In his re"ic~: of th,~ literature in 1989, he only 

focused 0n CHU and CLP. By contrast, the comparison betweef1 

the present data and the data of Dansky et al. (1989) is 

valJd, sinee the patients in these two groups have been fo1-

lowed in the same ho~pital according to the same prospective 

s tudy pro tocn 1 • 

A. MAJOR MALFORMATIONS 

Our results showed that both developmental defects, and 

postural dofol'mi lies and hernias, decreased in frequency in 

the prpsent study. This decrease t.,ras statistically sig-

ni fïcanl for postural deformi ties and hernias (p<n.Of)), but 

<lirl not rpach statisllcal sJgnificance for developmental 

Anomal les (P<O.IO), prohably because of the small numbers 

in\'olved. 

WhPll we cRI'pfully analyzed individual malformations, 

lhose h7hich shOl"red the 1argpst decrease in frequency hett.;een 

l h pt,,, 0 s t II cl i pst.; e l' p CH D (6 vs. 1), a n cl f 0 ü t de for mit i es (6 
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vs. O)(Table 5). These and other major congenital mal forma-

tions (CLP, subluxated hips) are known to be allributed to a 

multifactorial mode of inheritance in which both genette and 

environmental factors interact to produce the final 

phenotype (Nora et al., 1967; Fraser, 1970; Carter, 196H; 

Lindsay, 1979a,b; MacEwen et aL, 1986). We found lhat 2.8% 

of live births (2.6% of aIl outcomes) in the previuus study 

showed ventricular septal defects(VSD), a rate 10 times 

higher than in the general population(0.25%) (Rer~(sma, 

1979), whereas there '''ere no offspring with VSD in I.he 

present study. Thp children with VSD ln the previous stlldy 

had no knolm family history of VSD or ollIer CHD, whlch iR 

believed to increase thp incidence of VSD to a rate 20 t illlPR 

that for offspring wilhout sueh a family hislory. Chlldren 

with CHD othpr than VSD in hoth studies also had no failli ly 

history of CHD. Among the six cases of clin in the pre\'lO\lt; 

study, aIl six mothers '''ere taldng PHT (one PHT monoUwl'apy, 

t,,,o PHT and PB, and three PIIT, PB and l'RN) dUrIng the pr'pg-

nancy. In the present study, the only ('hilri 1"lth isolatf'd 

CHD was born to a mo t11e r on VPA mono lherapy. Thlls i t I.JOII 1 d 

seem lhat the contribution of genetie predisposition lo CHf> 

is less significant than the type and combinalion of an-

ticonvulsant therapy during pregnancy. In the recent rpvipw 

by Friis (1989), he eoneluded that neither genetie factors 

or anticonvulsant mpdication seemed to increase the ratp of 

cnD in children of epileptic patienlR. Hm"ever, in our 

study, changing the strategy of medical treatment appears lo 
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help decrease the occurrence of eHD, although we cannot to

Lally rule out the influence of genetic and/or other en

vironmpnlal factors. 

Prpgnancy outcomes involving elub foot were found in 

3.7% of live births (3.4% of aIl pregnancies) in the pre

vious study, h'hich is 6 ta 30 times higher than in the 

general populalion (0.1-0.5%) (Lovell et aL,1986). Half of 

the offspring with club fool, however, had a positive family 

hi s to ry 0 f foo t, deform i t ies, a facto r tha t tends ta sugges t 

the recurrence of this defect in relatives [4.95% in the 

pa t i en t 's s i b c; ( J JO ve Ile t al, 1 986 ) ] . In the present study, 

there were no affspring with foot dpformities, nor a family 

hislory of foot deformity. Among the six cases of club foot 

in the previous study, five mothers Here taklng PHT (three 

PIIT monolhe t'apy and tHO PHT, PB and PRN), and one mother was 

laid ng PB a l one. The higher frequency of positive family 

histary of the same malformation in the previous study sug

gests thal genetie predisposition may contribule ta the 

higher incidence of club feet noted in the previous study. 

In arldition, there were severai other major malforma

t.ions '<lhich '.Tere decreased in frequency in the present 

stlld~': CLP, hypospadias, umbilicai hernia and subluxated 

hi ps, thuugh the i r numbe r is too sma Il ta alloH us to reach 

a definite conclusion. CLP has a high risk of recurrenee in 

fami lies (Carter, 1969; Lindsay, 1979a, b). The ris\{ of 

r'ecurr'pncp in c;ibl ings is 30 to 40 times higher in probands 

Hi th a posi live fami ly histary of this defect. In both the 
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previous and the present studies, there was no positive 

family history of CLP in the relatives of offspring affectect 

with this malformation. It is interesling that aIl molhers 

of ch i Idren w i th CLP in both s tud i es wel'e lal{ i ng PHT and PB 

during their pregnaneies. Bath mothers 0 f ch i Idrf"n w i th 

this malformation in the previous study werf" tal<in~ PI/T, PB 

and PRM during lheir pregnancies, and the mothpr in the 

present study took PHT and PB. However, the number of 

patients with this malformation is tao small tu eoneludf" thp 

drug specifieity. 

Recently several studies (Friis, 1979; Janz, 1982l» 

suggested that the etiology of this type of malformation w;,\!'; 

not only due to specifie AC drugs, but multifaclorial, be

cause the malformatIon wns observed in offsprinR of patients 

taking other AC drugs during thf"ir pregnancies as weil as in 

offspring of epileptic fathers, and ils rIS\{ of recllrr~nr.e 

in families is high, as mentioned above. Friis (1979) also 

suggested a genetie association belween facial clefls and 

epilepsy. However, this was not subslantialed in hls most 

recent study (Friis, 19H9), where genetle factors t-Jerc shoh'n 

ta bp of minor importance in CLP as eomparpd lo the 

teratogenie effecls of AC drugs. 

h'ith OUI' flndings. 

Th i s s tudy 1 sin aR repmerll. 

Outcomes with hypospadias comprised 1.8% of I1VP birlhs 

(1.7% of aIl outcomes) in lhf> previous slurly, a ralf> t.hn~p. 

times greater than in the general population (0.5%) (Rpr~sma, 

1979). None of the offspring in the present sludy had a 
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similar malformation. The risk of recurrence in families, 

however, i8 rpported as 12% (Bergsma, 1979). Both offspring 

with hypospadias in the previous study had a positive family 

history of urogenital anomalies (one hypospadias and one 

cryptorchidism) . One of the mothers was on VPA monotherapy, 

and the other on CBZ monotherapy. 

Sub 1 uxa t eu hi ps tolere no ted in 1. 8% of li ve born offspr

ing (1.7% of aIl outcomes) in the previous study, which is 

tl"i ce tilt" genera 1 ri sk 0 f occurrence (0.92%) (MacEh'en etaI., 

1986). One of the two children with subluxated hips had a 

pos i t i VP fam i ly hi s tory of the same deformi ty. One of the 

mot.hers Has taking PB monotherapy, and the other was taking 

CR? mono the rapy. 

pr"spnt stllrly. 

No sueh abnormality was detected in the 

Wltil regard to inguinal hernias, there was no dif-

f'erence in the incidence hettoleen the tHO studies. The 5.5% 

nntpd in the previous study and the 4.9% in the present 

st.lld~" 1 ie IH lhln the range in the general population (1-

5%)(Table 7) (Bergsma, 1979; Gray and Skandalakis, 1972; 

Fil'st and Sn.'"der, 1989; Klauber and Sant, 1985). The pre-

vioUR stlldy noU>cl that half of the ehildren with inguinal 

IIf-'rnias had a posilive famllv history of this defect; in the 

prpc;pnt stlld.'", on the other hand, there was no positlve 

t'nmll.'" hlstor,\", lHlt tlolO of the four affected offspring had a 

hlslory of premature dpI ivery. The general risk of occur-

rpl'I(' of inguinal hernia in premature babies is as high as 

~O% (Rprgsma, t979; Gray and SJ{andalalds, 1972; First and 
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Snyder, 1989; Klauber and Sant, 1985). Among the six 

children with inguinal hernia in the previous study, four 

mothers were taking PB + PRM (two PB and PRM, and ttYO PHT, 

PB and PRM), two mothers were taking PHT + PB, and one was 

taking PHT + VPA. Among the four childrpn with the same 

malformation in the present study, threp mothers were laking 

CBZ monotherapy, and one mother was taking a combination of 

VPA and PB. 

These results suggest that, along with the anticonvuJ

sant drugs, genetic and other environmenta 1 factors play ail 

important role in increasing the incidellC'e of specifIe major 

malformations. The previous study nnted that 17 of 28 mnl-

formed offspring had at least one malformpd relativp amol1,g 

the first, second or third degree relatives. In the prpc;Pllt 

study, by contrast, none of the malformed offsprJng had a 

posi tive fami ly history of dbnormal outcomec;. Hot'H~vpr 

sinee, for these malformations, the risl{ of recllrrpnce ln 

relatives is only a maximum of 5%, inheritance alone cannat 

explain why the rate of congpnital mal formations in thp pr'p

vious study was almost three tlmes hlgher than the rate rp-

corded in the present study. Furthermorp, thp prevalpnC'(~ of 

a positive family history of major congenital mal fornmt.ions 

in malformed offspring did not diffpl' significantly from 

that in normal offspring in the previous study. 

B. ETIOLOGY OF CONGENITAIJ MALFORMATIONS IN OFFSPRING 

Dansky et al. (1982a) suggec; t ed tha t geneti c 
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predisposition to cOhgenital malformations would contribute 

to the produc t i on of these ma 1 forma t ions when the fetus '.J'as 

exposAd to AC drugs in utero. 

Shapiro et. a1(1976) reported that the incidence of CLP 

),Tas grea les tin ch i ldren of epi lept ic mothers, less marked 

in children of epileptic falhers, and least marked in 

chiJdren of parents withoul epilepsy. This suggesls a 

geneUc association between CLP and epilepsy, in addition to 

the causative aclion of AC drugs. 

1. COMI~RISON OF RISK FACTORS IN PRESENT AND PREVIOUS 

STUDJES 

When t.he various risk factors that both studil3 S had 

focuseù upon 'vere compared, statislically significanl dif

ferences in the incidence of positive family history of con

genit.al malformations, serum folate levels, type of AC drugs 

employed, average number of AC drugs, and frequenC'y of 

mono Lherap~' and po 1 ytherapy, were found between the LIVO 

studles. 

a) Family history of congenital malformations 

Overall, lhere ,vas a signifïrantly higher incidence of 

posit ive fami ly hislory of congenital malformations in t.he 

pl' P \' i 0 II S s tu d y (Ta b 1 e 1 0 ). Th i s m a y b e cl u e t 0 d i f fer e n ces 

ln ohtaining family hislory data or differences in the 

patient population betHeen the two studies. However, the 

explnnatloll for these differences is not entirely clear. 
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b) Folate levels 

The plasma falate levels were significantly lawpr in 

the previou!'l th an in the present sludy (Fig. 15). This 1S 

probably explained by the significantly Iower ratp of folatp 

supplementation in the previous study. In normal preg-

nancies, maternaI folate concentrations progressively 

decline due to the increased folate requirement of thp 

mother anù felus(Del Ser et aL, 1983; Chanar1n et al. 19(iH; 

Willoughby and Jeh'ell, 1968). In experimental stuclies, fo-

late deficiency has been sho'-In to producp congeni ta} mal for

mations of many organ s;.·stems as l-Iel1 as ernhryonic dpaf h 

(Nelson et al, 1955; Kinney and Narse, 19fH; Jordan et al, 

1977; Crandall and Brazier, 1978). Thus, the lOh'er' folaLe 

leveis in the prevlous study may ln part expJain thp highpr 

rate of major congenital malformations in lhat sludy. 

A study on the relationship between folate dpflciency 

and fetal malformations conducted in the gpner-al populati()n 

shoh'ed that these mal formaU ons are not frE'quenll y as

sociated with and causally relaled ta naturally occurring 

maternaI folate deficiency (Scott et al., 1970). f!o\vp\,pr, 

a number of invpstigations have shOl~n significant ly !OI"pr 

folate levels in LrE'ated nonprpgnant epileptir pat lents 

(Raylis et al., 19ï1; Dellaportas et al., 19H2), as l,pli as 

i n pre g n an tep lie Tl li c w 0 men (H i i 1 es m a a e t al., 1 9 8:3; n ri n s 1< y 

et al., 19Bïa),as compared with control Rubjccls. Dnnsl\~ et 

a 1. (1 9 R 7 a ) de mon s l r fi te cl th a t se ru m fol a tel f' V e 1 s \" e r e sig -

nificantl~' !Oh;er in prpgnancies reslllting in Rbnorrnnl out-
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com~s Lhan in Lhose wjth normal outcomes. A sigllificant 

negalive correlation between serum folate and AC drug levels 

was also shawn. PHT appeared tu be the most potent AC for 

lowering the folale levels. A combination of PHT taken 

logpther wilh PB or PRM with or without other AC drugs was 

assorialed with a higher risk of folate deficiency. These 

results sugg~sted a dose-response relationship between an

ticonvulsanls, folate, and adverse pregnancy outcome. 

Hm.;ever, Hiilesmaa et al. (1983) in Finland, as weIL as 

Ogawa et al. (1985) in Japan, did not find any associatIon 

betwepn luw serum folate lpvpls during pregnancy in epilep

lir women taking anticonVlllsant drugs, and congenital mal-

format iOlls in their offspring. Since, from a statistical 

standpoillt, the nllmher of epileptic t",omen showlng low serum 

fnlalp levels «1ng/ml) did not vary significantly from the 

previous to the present sludy, it is possible that low serum 

foinle levels are not the only factor related tu the genesis 

of UIP maJor mal format tons. As Dansky suggested in her PhD 

tllPS i s, thp e ffect s 0 f AC drugs on the fetus migh t be due to 

tl\plr influencp on folule melubolism (Dansky, 1989). 

c) Anticonvulsant drugs 

AC drugs havp been held responsiblE' for major malforma

tionc:; ln animal stllclies, although proof of this has not been 

COfH'IIlSlyply pstablished in man. The must difficult problem 

in stlldlP<; of teratogenicity of AC drugs in humans derives 

from IIH~ Lwt that 1 t is di ffieul t to evaluate the effects 
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of the individual AC drugs in a sufficienl number of 

patients, because until recenlly polythernpy was a major 

component of antiepilf'ptic drug treatment. 

However, recent pharmacologieal advanees in AC drug re

seareh have brought not only better seizurf' control and 

fewer side effects, but also more frequenl reliance on 

mon 0 the ra p y, wh i chi S Sil i ta b 1 e for l he s t Il cl y 0 r A C cl r' u ~ 

teratogenesis. Severa 1 pre 1 i mina ry re po r t s have s h(J1 ... n lha t 

outeomps on monotherapy are better than those on 

polytherapy(Janz, 1982a; Yerhy, 1987). 

Our resul ts shm ... that the average nllmber of Al' dr'll.I.{S 

used in the present study was signi f\cantly Inwer than in 

thp previous study (1.3 vs. 1.7; r<O.Ol). FIlT'LhermoT'r, 

monr,therapy "'ae; emp 1 nyed more freqllen t 1 yIn the pr'(>qrll t than 

i n the pre v i 0 Il S S tu d y (6 8 % vs. 4 0 %; P < 0 • 0 1 ), 1 ... hic h Sil g g pst S 

that polytherapy inereases the risl{ of major malformal Ifllle:;, 

Thp reason I-Ihy polytherapy inereases this risk cannat ypl br> 

definltelyascertained. The most plausIble hypothpqiq is 

that complex AC drug interactions incr'easp the le\'pl of somp 

toxie teratogenic suhstances in the blood. At }H'(>qen 1, ae-

tive epoxide melabo1itps are the subc:;tancps most SIlSppct of 

being the teratogenic agents rec:;ponslble for Incr'(>aC:;lIH~ Ih,. 

risk of major malformations (Lindhollt el al., 19H'I; l'rlnplu) 

et al., 1988). 

With respeC't ta individual AC rirugs, CB? and VP.\ wCl'e 

used sIgnl ficantly more arten in the present. study, "ltpt'pas 

PHT, PB, and PRN I-Iere employeù less frequpnt 1 y. Th~ 
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freq\lPncy of majur mal formations in the previous study 

(21.1%) apppared to be high in comparison to other prospec

tive studies in the literature (Table 1). According to the 

previous study, administration of PRM alone or in combina-

tion during pregnancy was aSRociated with an unusually high 

frequency of major malformalions (50%), and this was espe

cially high whpn PRM was used in polytherapy wilh PHT and PB 

(56%). As noled. above, Dansky et al. (1987) found thal this 

drug cumblnalion was also associated with the lowest fulate 

Ievels during pregnancy. 

Thp Incidence of major malformations in relation to 

sppcifie AC drugs in the present study agreed more 

closely with lhosp recorded in other studies than did lhe 

prp\-ious sludy (Table 1). The rate of major malformations 

due lo rHT alone or in combination was signifieanlly lower 

in t.he present thnn in lhe previous study(P<O.Ol). This 

rate (2.9%) was RIso lower lhan in mosl other reported 

prospectl\'e studies (Table 19). This decrease in the 

tpratogpnic effect of PHT in the present study may be dlle lu 

inC'reaspc1 use of monotherapy and increased fulate le\-els in 

thp present study. Thp plasma PHT levels were found to be 

Rjgniflcanlly hlgher in lhe first lrimester in lhe present 

sturly, pr()habl~- because lhe metnbolism of PHT '''as nol in-

d lIC'pd br 0 t h p r AC d rugs l"hen mono th e rap~' was emp 1 oyed . 

The c'ompa ri snn 0 f the ou tcomes for each 0 f the AC drugs 

uSf>d alone or in combination pro,-ed ta be difficult, because 

l.J(' could not plnpoint the effect of each AC drug in 
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polytherapy. 

When the malformation rates in both groups lvere com

pared for euch AC drug in monotherapy, it was found LhaL, in 

the present study, there was a lower incidence of major mal

format ions fo r each of the foll ow i ng drugs; CBZ, PlIT, VPJ\ 

and PB. There was a statistically significatlt decrellse in 

the frequency of malformations seen with PUT (P<O.Ofl), but 

the differences for the olher anticonvulsants did not r'each 

statisUcaJ slgnificance, prohahly becallse of the sm~ll nllm

bers involved. In the present study, developmpntal dpfpc·ts 

tvere not seen on CBZ or PHT monotherapy, altholl,gh in the 

previous study they were seen in one of ei,ght (12.5%) 

chJ ldren expased to CBZ monotherapy, and three of 21 (12.5%) 

children exposed ta PUT monolherapy. In bath studlPS, 

developmental defects were seen in the offspring "f mothers 

with VPA monotherapy. Whlle postural deformlties and her-

nias lvere observer! in the CBZ monotherapy as weIl as the PIIT 

and PB monotherapy groups, they were nol seerl in the VPA 

monotherapy group in either study. Apparent differpncp~ ln 

malformation rates bel\-leen the two studies for mOTlotherapy 

wi th the same AC drugs suggest that other factors, sw'll ns 

genetic predisposition or folale levels, could contr'JlllJt,p tu 

the development of the major malformations. 

Naternal seizllre frequpncy during pregnancy fOl' bath 

major Rnd minor seizures lvas ahout the same in boLh sttldL~S. 

Seizures during pregnancy, whether genf!raIizpd convulsive 

seizures or partial cnmplex seizures, do not Rppcnf' 1.0 in-
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crease the risk of major malformations (Gjerde et al., 1988; 

Dansky, 1989). 

C. MINOR MALFORMATIONS 

With respect to minor malformations, there was no over-

aIl difference in the distribution of the number of minor 

malformAtions between the two studies. However, there were 

fewer ch i ldren wi th fi ve or more minor anomal ies in the 

prpspnt sturly (P<O.05, Table 8). Thus, minor malformations 

11 1 so seem to shoh' a trend toward decreased number in the 

prpspnt sturly. 

In conrlusion, the findings of thp present study point 

tn a significant decrease in the rate of major congenital 

mal formations, and identi fy the factors possibly contribut-

ing ta this irnpr'oved outcome, as follol-Js: a reduction in the 

use of AC drllgs in combination, t-li th a greater reliance on 

monolhprApy; Ipss frequent use of PHT, PB, and PRM, and more 

f'rp<\lIpnt use of CBZ; a lot.;er genetic predisposition to major 

mAlfot'mAtions; and higher serum folate levels. Our findings 

toi 0 III rl ais 0 Sil g g pst th a t,of the ab 0 v e - men t ion e d fa c t 0 r s, the 

rpdll('tlon ln the number of AC drugs employed and the 1n-

C l'Pilsed use 0 f monot herapy are cl ear l y the mos t importan t. 

Hot-'e\'e r, the hi gher inc i dence 0 f maj or ma l forma t ions noted 

in thp l'l'eV10US sludy may in part be attrlbuted ta the in-

crel:lsed gPtletic predisposition mentioned earlier 

(hn)()sparlias, foot dpformil;'v', hernia), which interacted with 
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the effeet of AG drugs. Thus, our findings may he said tn 

support the multifaetorial etiology of major malformations 

in the offspring of epileptie women. 

D. COMBINED DATA FROM THE PREVIOUS AND PRESENT STUDIES 

Sinee GBZ and VPA have been introdueed fOI' commercial 

use more recently, it has been dlfficull ta enduatf' their 

teratogenic properties hecause of an insuffieient nllmopr of 

pa tien ts exposeù to lhese drugs dur i ng pregnancy. Thus h'P 

have combined the resul ts of the previous ann presenl 

studies in arder ta analyze a large number of pregnnncips 

exposed to each AC drug alone or in comhination, and la com-

pare their relative teratogenicity. In the case 0 f the COnt-

bined data for AC drugs used singly and in combinat ion 

(Table 19), rates of malformation for almosl. aIL AC drup;s 

h' e r e s 1 i g h t 1 Y h i g h e r th a n th 0 sen 0 le d i n 0 l h e r p f' 0 S })P c t i v p 

sludies, except in the case of GBZ, whose malformation rate 

was about equal(Lindhout et al., 1982; Nakane el al., 1980; 

Kaneko et al., 1988)(Table 19). When AC drugs Here llsed În 

monotherapy, thp same tendeneies Here observed. 

PRM userl ~lth or without other A~ drugs had the hlghp~t 

mal for mat ion rat e am 0 n gal l A (' d r Il g s, f () l 1 0 ,-1 e d 0 Y PB, ES Î'1 

and VPA (F i g. 16). Developmental dpfecls wpre also sppn 

most frequently l.JÎth PRt-l, followed hy VP\. PHT, PB and ESN 

were associated Hith about the same frequencies of develop

mental defects (10-11%), CRI: was associated Hith thp I(H.resL 

frpquency of talaI malformalions anù of devclopmental 
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defe~ts as compared ta the other anticonvulsants, and these 

differences were sLatistically significant (P(O.OI). VPA 

monothprapy was associated with the highest frequency of 

developmental defects (26.7%; P(O.OI), whereas no develop

mental dAfects o~curred in 14 offspring of patients on VPA 

po 1 ytherapy. 

H. VPA 

In recent reports, the malformation rates for VPA 

rangpd l'rom 2.5 lo 25.9% for monotherapy(Rating et al., 

1987; Huo,t et al., 1987; I.dndhout and Schmidt, 1986) and 

1~.9 to 17% ln combineri alld isolateri therapy. 

VPA has bepn associated wi th an increased risk of 

nellral lllhe defects since 1982 (Robert and Guibaud, 1982; 

Bjprl{pdal pt al., 1982b). Thp incidence of such defects in 

() f fs pl' i ng exposed to VPA du ring pregnancy i s 1. 5 ta 2.5% 

(LindllOut and Schmirit, 1986), tolhich is about 20 times 

hlghf'r than is found in the general population. In our 

sllJdy, a fplus t-lith srina bifida whose molher was on VPA 

m()nothprap~" t.;as identified on ultrasound examination, and 

t hp pr'pl:!narH'Y \-las lprrni na ted. ThIS resulted in an incidence 

of npural tube defpcl of 3.1%( 1/29) in our cornhined '"PA 

SPI' i es. 

Two olhpr children whose mothers were on VPA 

mOllo thpl'a l'Y dur i ng lhe i r pregnanc i es, had CHD in the pres en l 

stlldy. One had isolaled alrial sertal defect(ASD), and the 

n!hpr Iw.d multiple cOllgenital anomalies including tetralogy 
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of Fallot, microcpphaly, microphthalmia, and arthrogryposis. 

In the study by Lindhout el al. (1982), one of the ('hildren 

whose mother was taking VPA alone also had teLra]oMY of Fal

lot, and two children whose mothers were on multiple therapy 

inC' 1 ud i ng VPA had CHD. Kaneko et a]. (1988) found tha L one 

of the patients on combined VPA and diazepam Lherapy ha,1 a 

child with patent ductus arleriosus(PDA). AILhough thp nllm

ber of case reports is smal1, the relalionship between VPA 

and CHD should be investigated furLher. 

VPA is the lRLesl AC drug la be put into use in treat.-

ing epi lepsy. It has an organic structurp differenL l'rom 

that of other AC drugs. Animal sturlies ha\'e ShOl.Jn dosp-

related teratogenicily with valproic acid(WhiLLle, 197G; 

Brnt,m et al., 1980; Bruckner el al., 1983; NRU and Scot.t, 

1987) . A comparison of materna] plasma VPA levels during 

pregnaney ln malformed and normal outeomes in the eomlllnpd 

sLlldies rpvealed a positive correlation belween plasma VPA 

levels and ahnormal pregnaney outeomp, Hhich ie; in IJne 

t-1ith the above mentionpd experimenLal flndings. Thp 

teralogenic effecl of VPA is lhollght la originale in t.hp 

reactlve melaboliLes of VPA(2-pr'opyl-4-ppnLanoie R"irl( l-ptl

VPA» (Nau et al., 198,1; Kondo et al., 1987). Thpse find

ings, togpther with the fael that plasma VPA levels Ifl the 

fetus are hlgher lhsn in maternaI hlood(Kaneko et ni., 

1988), suggest thal higher maternai VPA levels tend tn in

cre as eth e r 1 s li: 0 f mal for m R t ion i n the 0 f f s p r i Il g . 
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F. CAZ 

Experimental studies with mice revealed that CBZ was 

much less tox i c to the fe tus than PHT or PB (Bruckner et 

aL, 1983; Nau and Scott, 1987). Earlystudiesinhumans 

showed thaL CRZ had no significant teratogenic effects 

(Granstrom l'tnd Hiilesmaa, 1982; Lindhout et aL, 1982), and 

thu8 promoted i ts use during pregnancy rllther than that of 

PffT or PB. HOI-Jf'ver, insufficient research on the possible 

teralogenic effecLs of CBZ in man has been performed to date 

lo yield any clearcut conclusions. 

At this point in LIme, several prospective studies have 

appearpd shmdng thal the rate of malformations in offspring 

exposed to cnz during pregnancy ranges from 8.5 to 10.8% in 

thp isolated l'tnd combinf'd studies (Lindhout et al., 19H2; 

Nakane el. at., l!HW; Kaneko et al., 1988), and from 0 ta 

19.4% on CAZ mono lherapy (Table 19). These figures i nc lude 

ml'\,jor l'tnn minor anomalies. 

1 n our comh j ned ser ies, the ra te 0 f major congen ital 

mal I~ 0 r mat ion son C B Z mon 0 the ra p y ,.; as 1 5 %, wh e r e a s i t l-J as 9 % 

for aIl pregnanC'lE'S on CBZ combined. This finding appears 

1.0 conlradict the reports according to which monotherapy is 

gpne ra 1 1 y 1 ess te rn togen ie than pol ytherapy. Howeve r , if He 

cons i der tl1f~ types of malformations associated wi th CBZ 

monoLherap~', l.Je find hypospadias in one infant, congenital 

SlIhlllxl'\t ion of the hip in one infant, and inguinal hernin in 

th t' e e i tl f ri. tl t s . In contrasL ta the malformations associated 

Idth nthpI' Al' nr'l1gs, PV" t.Jere much more frequent l.Jith CBZ 

54 



monotherapy than DD (4 : 1). The genesis of the malformn-

tions, as weIl as the period of maximal sus~pptibility to 

teratogenic agents, varies according to the type of anomaly, 

as has been pointed out previously. Furthprmore, il is 

thought that genetic predisposition may play a much largpr 

role in the genesis of these malformations th an has hitherto 

been believed. 

G. PHT 

Our combi ned sludy showed the rale of major mal formfl

tions to be 18% for PHT I.Ised separately and in combination, 

whereas the ratp was 13% for PHT monotherapy. These finrl-

i ngs are in agreemen t w lth those 0 f othe r s tIHil es. 

Arter the first report of the possible ler'alogpnic ef-

fect of anticonvulsants br Nt'fl Ler-Ktlppers (19G:l), thp lp['m 

"fela 1 hydan tn in syndrome" was co i npd by Hanson and Sm 11 h 1 n 

1975 to designate a complex of minor anomalIes in associa

tion with major anomalies and mpnlal retardallun in offspr-

ing exposerl to PHT in utero. Subsequent research(Hansoll et al., 

1976; Hanson 1986~'1artz el al., 1977) poinlee! lo thp stronP; 

fetal teratogenicity of PHT. HOl-TeVer, th i s resen l'ch wus 

conrlucted (ln epi leptic lvomen Hho had bepn put on PUT medica

tion in comhlnation t-Tith oUler drugs, \-Therpas onlr a fpI.J 

studies \Vpre pel'formed on patipnts subjected tu rHT 

monotherapy. PreVlOUS l'eseat'ch hall pointed to an in('reas(?d 

incidencp of mitlor malformations due ta PHT use in 

po 1 ythel'ap~·, bu t more recen t l'esea l'ch has shaHn tha t thp 
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minor malformations resulting rrom PHT use in monotherapy 

are similar to those caused by other AC drugs in 

mnnotherapy(Yerby, 19R9), suggesting that the term "fetal 

hydan la in synùrome Il shou Id be changed to "feta 1 anticonvul

sant. syndrome". 

In addi tion, several minnr anomalies previously 

regarded as typical ly associated {d th "felal hydantoin 

synd rome Il wpre shown to be geneticall y 1 i nked to epi 1 epsy 

(.Janz, 1982b). Only hypertelorism and digital and nail 

hypoplaRia sesm tn be specifically related to phenytoin ex-

pot;ure. rhe current concepl of the syndroJTIe therefore seems 

to be incorrect; most of the "typical" characteristics are 

not caused only by phenytoin (Dansky et al., 1982a; Lindhout 

e 1. al., 1 9 fH ; WH bye t a J., l 989) but m EV aIs 0 b e as soc i ale d w i th 

expnsure lo otht>r anliconvulsants and/nr have a genetie 

origin. 

Pr'evious studies from our inslitution (Dansky et al., 

19R2h) indicl1led lh:ü plasma PHT levels during pregnancy 

wprp hlgher in women with malformed offspring than in those 

",ith llormal infanls. Recause the re t.,ras on l y one ma 1 fo rmed 

chi Id e-.:posed tn phenytoin in lhe prespnt study, we could 

not conf'lrm thi::. finding. Ho t.,r e ver, the mat h e r 0 f th i s ch j l d 

had lht-' hlghest plasma levels of PHT and PB during the first 

t r'impst PI' of all~' of the mothers exposed ta these drugs. 

H. MONOTHERAPY VS. POLYTHERAPY 

1'ht"> in('ldencf' of major malforma.t.ions was compared for 
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the mono the rapy and po 1 ythera py group" in bo th s tud i es com

hined, and was round ta be 17.6% and 18.9%, reS}WCll\'ely. 

The frequf'ncy of malformations for VPi\ and CRZ Has highf'r' on 

monatherapy thsn on polytherapy. These flndings ronl t'aRt 

with previous sturlies, ""hich found a tl.O to thr'ee fald in

crease in malformations on polytherapy aH comparee! lo 

mon 0 t h pra p y (L i n d hou tel a]., 1 9 R Il; Na 1< a n e p t a 1., 1 9 HO; 

Kan e k 0 e t al., 1 9 8 8 ) . H 01. ev e r, Lin cl h () U Lan ct Sc Il m i ù 1. (1 9 8 () ) 

found a higher frequency of npur'al tuhp dpfec'ls on VPA 

monotherapy. Thus other factors may contrlblllp ln th" 

development of major maJformations (e.g. lypp(s) and ('om

hinaLion of AC drugs, folaLe le\'els, f:lnd genet le 

predisposition) , 

1. SERUM AFP I.EVELS 

Sever'al slucties(Burlon et al, 19H3; Wald el. al., I!lïï) 

hnve demonstralpcl an inL'reased risl{ of spnntnnpo\Js ah()t,! ion 

and stillbirth among patients \"ith fdevateo matPI'nal SI' 1'\1111 

a -t'etopl'olein(NS-AFP) values. Ele\'ated 'lS-·\Fl' Ip.vpls ma,' 

be an Indieallon of \ll\ù(~restim:-ltf'd gpstnt lllnal a.l!:f>, mtll tIpi,. 

gestatlon, or l'etaI death; h'hereas Hhnorrna)J.\ IOI.J i'IS-\lï) 

valllps may l11diealp nVf~restlmated gps!atl1ltHll agI', ml":;-';f'd 

ahorUon, c;maller pT'p.gllan('~', or, pprhr,ps, p\'(>11 an Illc'I'c>a-.;C'd 

ris \{ 0 f f e t Il 1 c h r' 0 m (J "i () mal n n l' mal i es, e g. [II H.J n 's S y Il cl r t) m p . 

The!'r~ js mOllnting evidelwP t.hat an elpvalpd i"lS-·HI' 

level in the absence of a bf'nign callSp, "\H'h as Il''lll<i or un

riPf'Astimntpd gc>station, is n clpar indl('1\tlnn nf hlg/J-t,/,,>!< 
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prpgnancy. MS-AFP sorepnjng provides effective means for 

selecting patients who are al increased risk for neural tube 

d(>fecls (BuI'Lon, 1988; Aubrey et aL, 1989). When seen in 

midgestalion, il is associated with an increased frequency 

of inlraulprine grol.Jth rptardation and indicates, in addi

tion, Ihat lherp is a greater likelihood of congenital 

anomalies (RIlrtoll amI Dillard, 1986; Slafia et al., 1988) 

ERrly in gestalion AFP is synlhesized by the yolk sac 

and laLpr by Ihe fplai Iiver. Fetal serum AFP (FS-AFP) 

1 p v e ! '3 ste ad 1 I~· i tH' l' e a s e un t li., the en ri 0 f the f i r s t 

Ir'IIIIP<;(.Pt', and thpn gradually decline. HOhlpver, due to the 

rapidly incrPHSltll4 fetal body weight lhroughout the second 

and thir'rI trimestprs, thp total synlhesis of AFP continues 

1o Inc't'ea<;e Ihrollghout thp second trimester and plateaus 

dllriflg the ear'Jy third trimesler(G!ir){ et al., 1988). 

In lhl<.., stllrly, ~lS-AFP determlnations hlere ohtailleri 

cl U T'l fil{ paf' h 1 r i ln e s leI' l n 6 8 pre g n a n t pp i 1 e plie w 0 m p n t a lu n g 

FI\p pregnancips resulting in offspring l-1ith 

major' malrot'mal inns l.Jen~ includpd(one with CLP, one with 

,\SD, (HIP l.Jlth multiple anomalies and ll.JO l.Jith ingulnal 

h f' t'n 1 a ) , IïlPrp IJas unllsual fluC'luat ion of AFP valuE'S in thE-' 

fi!' s 1 a n cl c; p (' Cl n ci '- r' i ln est p r sin the pre g n an c:.' 1-1 hic h r es u J t e cl 

in <l ('hl1<1 hnrn \Jith ('LP, although thp values for each 

t!'IIIl~~stPI' la~- I"thin the norlllai rangp. The othe!' four mal-

fO!'n1pd nffspl'llIg shm,ed the usual progl'essive increase in 

:\171' \"HI\lPs. \hnnl'mally hlgh plasma NS-AFP levels were seen 

in tht' tïrst trlmpslpr in only onp case of spontallf'ous abol'-
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tion. Therefore it is loo early ta concludp that ~IS-AFP IR 

use fuI i n de tee tin g ab no r mal 0 LI te 0 mes 0 the r' th ::l n Il e U l'a l t li li p 

defects during pregnancy in epllpptic women taldng AC dl'\l~S. 

Further research is required la elucidnte this maLter'. 

J. SPONTANEOUS ABORTIONS 

The incidence of spontaneous aborLion in epi Ippl If' 

t·wmen has been reporteri as ranging From 17 to 22%(AIH\p.~pr'q 

et al. t 1988) t and this and other sludies shol"pd no Rla118-

tlcally slgnificanL inerease in the incldetH'P of q\l!'ll. al>ol'-

tions o\'er that ln the general poplIJat ion. Our rH'p\ 1 OIIS, 

present, and comblnerl studies hrwe confirmed thp'qp r'psulls. 

In the present study, thp frequency of Sr()ntanpous 

abort ions seemeù to l ne reasp as compared ln t hp pr'P\ 1 nlJ" 

study. Ho 1..' e \' e r , t h f' r e A. son for t Il i sap par e n lin C J' pas ~ 1 S 

l Il a t pal i en l s 1." e r e as c e r ta 1 Il e ri e a r Ile l' 1 n l Il e pre g n Il n (' y III 

t.he present st\ld~', and thus a larger t\umber of spnt\téuH'ClllS 

aborllons could be delecled. 

K. PERINATAL GROWTH PARAMETERS 

Perinatal gl'ol"th rp!.an'lat ion has bpen r'p}lfH'Lpd 1 fl ()f'f'

S P r i n,f{ 0 f e plI e pli C l,om e n as C 0 m par e d ton 0 r ni il l (' 0 n t r () l S 

(fi i i l esmflfl et al. t 1981; Ânde rmann 1 19RL; ~Ias t l'Cl 1 tu'n\'f) pt 

al., 1988). l n m 0 s t 0 f the s t Il die s, h p a cl Cil' CIl m f f' r P Il ( , P ( r w ) 

anrl body loieight(RW) tend tu be smallel', although thlq le; nol 

the case for body 1 engLh (DL) . Severnl proSpp(·tlVP. IT\\PC;-

tlglltions ha\'p studled the relationship beUoIPf'tl AC rll'IJ,l(S and 



gT"CH"th T"Plard:'ltinn (i\ndermann, 1982). 

Hi J le"maa et al. (1g81) found a significantly decreased 

mpan He ut birth in offspring of motllers who had been on CBZ 

monolherapy during pregnancy, as weIl as in offspring of 

mothf-'rs t.aldng prim idone or phenobarbi tal in combination as 

compat'ed with contrnls. However. most of the individual HC 

Vrl 1 UPS HP t'e st 1 IIi Tl thp norma 1 range. This decreased mean 

IIC pPl'sisted ur 1.0 lhe age of 18 months. Their findings 

SIJe;gp"ted that phenytoin alone was not associated with small 

!Ir, huI. r.omblned phenytoin and phenoharbitone administration 

cOIJld T'PSIl]t ln small He. 

Allot!lPr study (Na"troiaeovo el al., 1988) shOl.Jed t.hal 

!I<' alld B\Y' in offspring of epllppt ie molhers were sig-

nI fic'nntly ]ol.Jet' than ln conlrols, regardless of l.Jh."ther the 

Pp 1 ] Ppt 1 C' Iwmpn ,,",PI'P l rea Led or un lrea ted, and whe lher 

m()nothprap~' or p()l~,therapy '''as used. Since a reducllon ln 

h p a ri C' ire li m f' e n~ n (' P ,<1 a saI S 0 0 b s p r v P d i n the b a il i es 0 f 

\1 Il t r pat prie Il Ile Il ti C ,.JO men, the au t Il 0 r s 0 f th i s s tu d y con-

c~ Illdf'd thaL thp observpd effect on fetal he ad growth can be 

IlItpl'pl'etpd as the result. of an intel'actlon belHeen lhe ef-

l' l' (' t () f t h p m H t p l' n a 1 dis e a s e and th 11 t 0 f the AC d r Il g S • 

OUI' t'psults "Ilprorl the pre\'lOIlS in\estlgations. When 

t h p m (' il Il !!l' l, a s c () m par e d for l hem 0 n 0 the ra p.v a n cl pol~' the ra p y 

gl'c1lIP"', thp pl'p\'iollS Ilnd Lhe comhined studies disclospù t.hat 

! /(" h' Il S 1 ()\.J e l' l Tl t Il e pol y the l'a p y g r 0 U P th an i n l h e 

mlllHl\hPI':\f)\' gnl\Ip, although therl"," \.Jas no sLat.istically sig

III t'Icant dl rfprPlwe III the prespnt stud~'. Concerning BW and 
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BL, thpre Nere no apprpciable differerH'el" bel"'een t1If' th'n 

studies (Fig. 3, Table 9), or betl"reen the morwthernpy Rnd 

polytherapy groups. With respect. lo inriIvidual AC dl'\I~S, 

CRZ and VPA in combination loiere associated \-'Ït.h IUHer' HC 

than was CRZ or VPA mono therapy, sug~es t l ng lha t the in Lpl'

action between these tNO ùrugs i!'> responsible fOl' this dlf

ferenC'p. • 

l,. CR7.- EPOX 1 DE 

H j gher ralf's of congeni la 1 allomal ies han) bpen round 

after prenntal exposure ln pnrt.icular comblnatlon~ of all-

t l('! P i 1 e pt i (' d r \.l g s th a Tl l 0 e a eh 0 r th p ri r li g sai () rH' . 

studies han> claimed thal combined CH?, PB and VPA 

polythprapy il" assnciated Nilh teralogpll1ri{y (J,1l1dh()ut pl 

al., 1982, 1981: Kanelw ~_t al., 1888), alt.holll;h ear'l~' 

studies sho\"ed that CB/~ monolherapy had no signi fit'an! 

teratogenic effec:l. (Granst rom and IIi i lesmua, 19R~; J,lndhf),,1 

et aL, 1982). The me('hanisrns of Lel'alogPllesls of 1 Il,,..:;.> 

drug eomùinat lons ha\'e nol yeL been cLal'llïed. OIIP of l.!lf' 

hypntlreses is that. UH~ L'''I'nLuE\'pnie aeLlv) L.v of Lhp~H' dr'uA 

cornhinations 1S (11I~ tn mpfabolic InLer'a!.'I \ons(l.tndhollt Pt. 

aL, 1981; Finnt"ll Pt. aL, rfl86). r1allY dl'ugs ar P. hydr'()'( v-

laled by lhe arene o...:iJp patl"./ay, 111 ,,,hic:h epo'"des ar'" 

p r' 0 due e d as i n t P r' rn e dia l e ni (" l a li n 1 i tes • 

COin have terat.ogpnic, mtll.agenic, carr)n()~PII1(', and 

hepalotoxic effpcts t!u'ough eovalent l.Jilldlllg tn rnacl'()

molecules slleh HS prot.pins and DN/\(,Jp.r-ina allù DaI,v, j<)Î,j), 

fil 
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cnl. is known to induce metabolism via the arene oxide path-

way. It has been shOl.Jn that valproic acid may inhibit the 

induction of thp pnzymp epoxide hydrolase, which convertR 

the 10, ll-epoxide inlo less taxic products(Levy and Koch, 

1982; Kprr pL al., 1989). Thprefol'e co-administration of 

CH?, PR and VPA ma,v alter the metabolism of CBZ resulting in 

plpvaled levels of ils 10, l1-epoxide metabolite. 

ln ordpr ta test this hypolhesls, we determined the 

ratio of carbamazppinp-lO, 11-ppoxidp tu carbamazepine con

cpntratlonc; ln the serum in pflllenLs I.;ith ppllepsy whu I.;ere 

t r'paLpd \.Ji th CAZ monothprapy flnd l.Jith CSZ flnd VPJ\ ln com-

hlnalHll\. The ~BZ epo'Xide/CBZ ratio ln those treated Hi th 

coml)] npci VPi\ flnrl CRZ Has hi gher than lha tin CBZ 

mOllo t hp ra py. When the CRZ epox ide ICBZ ra t i os were compared 

in prp~llant ppi Ipplic Hompn flnd in non-pregnant epi lepllc 

1" 0 III p n, the y 1" e r e f 0 \1 n d t 0 he h l g h e r i n the for mer t han l n 

t IJ(~ 1 aL ter. Thesp rpsu 1 ts sugges t tha t pregnancy 1 tse 1 f as 

l"pll flS drll~ combllHlll0ns resu]t in a relalIve increase of 

enl. epo:ndp Ip\'p)s, ,.;hich could contribule to the de\'elop-

mPIlL of mnjor mnl f'ormationR. 1 t shoul d be noted lha t Lhe 

PIH1Xidp billot; )pc;s fïrmly to plasma proteine; than thp parenl 

('()mpound (L(~\~' alld Pltli('\{, 1982), thus effectively increas

i Il g t h f' con ( , P Il t l'a t i () li 0 f f r e e e p () x ide e \' e n f II r the r . 

M. PREDICTIVE TESTING 

Pr'f'\'i()l1~ st udips havp shol.Jn genetic val'iation in the 

f' 1 1 111 1 Il Il t 1 () n 0 f t ()" ici n ter m e dia l es 0 f PH T met a bol i t e Ci 
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(Stricl{ler et al., 1985; Danql{y et al, 198i), manifpslpd by 

increased cytotoxieity in vitro. 

Buehler et al., (1990) have demonstrated U\p pos-

sihility of preoictive testing hy measuring epo\:ide 

hydrolase levels in amniocyles. The y h a v P. s h () 1,11\ l h a L t li e 

epoxide hydrolase levels appear to bp reglllalpd b~" a !'lingle 

gene with th'O alleilc forms. Those indivlduals \-Iho arp 

homozygous for the recess Ive a Il p! e wou! cl have IOh' f'\lOX i <\f> 

hydrolase activity and \-Iould tbprefore oe at t'lsl{ 1 f gf'st a

tionally exposeù ta /l.C drllgs. This enzymatic Ilssay ma~' 

prove uc:;pful in detprmlning which infants at'p al. inCI'Pllsf'd 

risk for AC drug-inducpcl COngellItal malformn.tlonc;. 

N. MANAGEMENT OF TIIE EP 1 I,EPT TC WOMAN OF Cil 1 },DBEAH 1 Ne; AGE 

RRseù on thp abo\'e findlngc;, thp f()lloj.JITl~ c;uggp-;tlonc; 

can be marlp rpgarding the> managpmf'nt of the epl10pt Il' I-'Om'lll 

of chtldbeartng age. 

1. ldeally the pat ienl should be manflgpd Oll CHI'. or PIIT 

m () n 0 the r a p~' , e m plo yin g t li e 1 a I.J e c:; t cl 0 c:; e c; Il Il d cf nI ~ 1 P\'I' 1 S 

necessary for adpqua le SP l zure con t rn j • 

rnedu'fltlon c;houid hp InsLltutpu prin!' to p!'p~llalll'\·, 

2. Folalp supplernpnls shtlulrl. bp bP,l{IHI rH'lut' I,) IH'pl\lla!j('Y 

and conl i nuerl. lhrnu~h()ut pregllanc:v, 

:1. Ali pregnflt\cIPs of Iwrnpn t.Jith epilE'p"'y t.Jho arr> tal{lflg M' 

rnedicfltlon !'lhould be carpfully monitored l.Jlth reSrH~!'t to 

seizurf' frequpncy, complirations of pregnallcy, Ar' rl.ru~ 

levels, serum folale levels and MS-AFP I(~vplc;. Cat'pflll 
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u 1 t rasound exam i na t i ons us i ng hi gh quali ty u l trasonogra"phy 

shoulrl he performed, looking specifically for major congeni

tal malformations. If the NS-AFP or ultrasound findings are 

suspicious, amnlocentesis should be carried out. 

4. VPA should not bp instituted as the first treatmpnt for 

womPIl 0 f ch i 1 dbear i ng age. However, VPA may be used if i t 

is thp cnly mpdication which can achieve adequate seizure 

control, pro~ided that the pregnancy is carefully monitored 

as dpsrribed ahove in order ta detect any major congpnltal 

malformations, particularly neural tube defects. As for 

ntllPt' AC, the plasma levels should be kept as low as pos-

s i b 1 e cl Il t'l n g: th p pre g na n c y, pre fer ab 1 y a t the 1 0 t.;r e r l i mit 0 r 

bAln\" th", therapputlc range. This is particulal'ly sa slnee 

thp frpp rlrug levels may increase durlng pregnancy. 

!). Final Ir i t is hoped that those retuses wi1lch are at hlgh 

rlsk of dpveloping malformations can be detected by means of 

('ytoto'(](' or pnzymatlc techniques as described in the spc-

t ion on preùicll\"e testing. 

rlol'!:> dptai led aspects of the management of the epllep

tiC woman of chlJdhearlng age are discussed by Andermann et 

al. (IQHla). 
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Table 1 

rnRVAI.ENCE OF MAJOO OONGENITAL MU1ALI~ IN OFFSffiTNG 
OF EPIIF.PI'IC ~ (~a"'IVE snJDI~) 

00. OF NO. OF m;IDENCK OF 
A{mlOO(~) YF..AR BIR'Il1S MALFœ- MAI..F<R-tAT IONS 

MATIONS (%) 

Melchior et al. 1967 32 2 6.3 

Cvetko 1969 35 3 8.6 

South 1972 31 2 6.5 

Goujard et al. 1974 72 2 2.4 

Knighl ~t Rhi~t 1975 140 5 3.6 

Shl1pi ro el Ill. 1976 305 20 6.6 

I)lImky el al. 1981 52 10 19.2 

Hi] 1 ct al • 1982 59 Il 18.6 

Riale nnd 1984 33 0 0.0 
l.cwen t.ha 1 
Kaneko el al 1984 112 5 4.5 

Kelly el al. 1984 171 6 3.5 

RnUflI( et. al. 1987 150 13 8.7 

Ruchlll1nn 1988 26 0 0.0 

roTAI.. 1218 79 6.5 

Prev i ous sludy 1 J 6 28 24.1 

Pres en l S ltk.iy 90 8 8.8 

7 
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Table 2 

1.PRESENT STUDY 
(1982-1989) 

2.PREVIOUS STUDY 
(1971-1984) 
(Dansky et al) 

MATERIAL 

Number of 
women 

78 
(103) 

94 

Total number 
of pregnancies 

90 
( 115) 

119 



Table 3 

MINOR ANORMAI,IES LOOKED FOR IN BaTH STUDIES 

1. epicanthal foids 
2. wide spaced eyes 
3. synophrys 
4. low sel ears 
5. ear deformily 
6. ear rolation 
7. upturned nares 
8. fJat nose bridge 
9. long ph i 1 trum 
10. high arched palate 
Il. narrow paIate 
12. piJonidal crease 
13. pi Ion i da 1 di mp 1 e 
H. fingpr deformity 
15. fingpr nai) deformily or hypotrophy 
16. simian crease 
17. Loe dpformity 
IR. t.op naIl d(~formily or hypotrophy 
19. mout.h dpformity 
20.othprs 

capi) Lary haemangioma 
hyperfl(~xibi 1 i t.y of joints 
hypoton i a 
prominent. forphpad 
largus adduc t. i on 
ichthyosis 
curving back 



Taule 4 

MAJOR MALFORMATIONS 

DEVELOPMENTAL DEFECTS 

POSTURAL DEFORMITIES 
AND HERN lAS 

SPONTANEOUS ABORTIONS 

NORMAL 

TOTAL 

* P<0.05 
** P<O.Ol 

OllTCOMES OF TWO STUDIES 

PREVIOUS STUDY PRESENT STUDY S'!'ATISTICS 

28 (24.1%) 8 (8.8%) X2=7.148 ** 
13 (11.2%) 4 (4.4~) X2=2.233 

15 (12. 9%) 4 (4.4%) X2=3.405 * 

6 (5.2%) 9 (10.0%) X2=1.107 

82 (70.7%) 73 (81 .2%) 

116 90 
~--~-'---~~ .. _ .. _._- - --



• 4. 

rablp 50. 

OIlTCOHER W ITIl "NOM"LI FS IN TIIF PRFV IOUS STUDv AND THE PRESENT STUDY 
!DEVELOPHENTAL OEFECTSI 

IHwns 

l'liT 
l'A 
l'RM 
ETI! 

l'liT 
PA 

PUT 
PA 
l'RM 

l'liT 

l'liT 
PO 
pRM 

l'liT 
PA 

rllT 
rA 
rR~1 

rllT 
1"0 
rR~1 

PIIT 
1"0 
l'lm 

vrA 

en? 

l'liT 

NIT 

PRFVTOtJS STIIllY 

naSE 
mil/ri 

300 

500 
1000 

300 
120 

JOO 
90 

625-750 

350 

300 

750 

200 
15 

JOO 
10 

!iOO 

300 
90-120 

625 

300-400 
50-200 

250-315 

1000 

600 

300 

400 

MALFORMAT IONS 

VS!) 
IIvroSrAlH Ml 
VMIlILICAL flFRNIA 

VSD 

VSD 

AORTIr STFNOSIS 
ENDOC,\RIH AL 
FI IlROELASTOS 1 S 
PATENT ntJC'TlJS 
ARTERIOSl1S 

COMlt'TATION OF 
AORTA 

ln rFRTfWPII 1 C 
CARIJlnmnrATln WITII 
ENIJ(l(",\Rfl 1 <\1. 
Fr flRof "ASTO<; f SAND 
CONIJI)('T 1 ON IlFrFCT 

sr ""IIOCF Pli A" \ 
WIll! ('RANIA" J,,\r!'NAF 
AND q~!A LI. PO'lTFR loR 
FOqSA 
TAr.rrF'> 
C I\LCANFnv A\,t;\lS 

CLFFT 1.11" 

('I.FFT 1. Il' + 
CLFFT PALATF 

HyroS PAil l ,\S 
POI.YD-'!"TYI.Y 
SYNIJI\CTYLY 

HYPOSPADIAS 

HVDlWCFPIIAI.US 
( DMIDY-WALKER 
CVST) 

POI.YCYSTIC KIf1NFY 
URFTFIl!ll. ATRFSIA 

rRFS rNT STIH'lY 

nRvas DOSE 
m~/d 

N"LFORMATIONS 

VpA 1500 MiO 

VPA 750 Lml9AR 
l'l'INA BIFInA 

VPA 1000 NUI.rrPLF 
CONr.FN IT" L 
ANOMALIES t. 

PHT 300 CI.FFT LIT"' 
rH 100 ,'ND CI.FFT 

PALATF 

.. tetrAlo~y of Fnllot 
mlcrorf'phnly 
mlcrophthnlmlA 
nrt III o~r) pos 1 "1 

(PpnR-ShokPlr q)ndromp 
:typP 1 19 nRRorin'pd "'Ilh 
mult·pl .. Ilnloloqpq, camplo
rin"· ... l). fn('II\1 nnom"ll"'! 
nnrl pulmonnry hypnplnqlA. 
t)P" 2 IR nqqOrlntprl "Ilh 
cprpornl. l)('ulAr. fnclal 
nnd SkplplnJ nhnormnlll1pq. 
It f\ffpr'q rlf'wt'<lrn or vpr)' 
)oun'f Inlltnl~.) 

• 



Tab! e 5~ 

OUTCOHES WlTH ANOMAL[ES IN THE PREV[OUS STlJDV ANIl TIIE pRFSFNr STlH)V 
[POSTURAL OEFORHITIES AND HERNIASI 

PREVIOUS STIJOV pRFSFNT STlIDV 

DRUeS DOSIl MA LFORHA TI ONS DRlIm; )8SF ~IALFOR~IAT IONt; 
mg/d mg/ri 

PB 60 METATARS!JS CRZ 600 1 N(;PINAJ. 
ADDlJCTlIS HFHNIA 

PHT 100 MFTATARSIIS CAZ 600 1 NrilllNAI. 
ADDUCTlJS H ER~II A 

PHT 300 BI LATFRAL CAZ 1300 INnlllNAI. 
MFTATARSUS HFRN[A 
VARUS 

PHr 200 BI LATFRA[, VPA 1000 1 NIltI / NAL 
TAl.lpFS PA 90 IfFRtl/ A 
CALCANFOVALGUS 

l'1fT 300 n, I.ATFRAL 
PIl /20 TAI.II'FS 
rR~1 1000 FQlJ 1 NO\' AHue; 

1 NGUI NA! IfFRN/A 
l'MIlTUrAI. IfFRNIA 

rifT 300 AILATFRAL 
PB INTERNAI. TIIlIAL 
l'RH 125-250 TORSION 

rA ItJG1'INAL IIFRf.lIA 
rrm 250-500 UMIlILlfAL IIFRNIA 

rn 30-60 INGU[NAI. IIfRN[A 
l'RH [25 

rllT 300 1 NGU[NAL HFRNIA 
PR 45-90 

l'liT 400 fNGUfNM. IlFRNIA 
pR 10U 

l'1fT 300 INGUINAL IIFRNIA 
VPA 750 

l'liT 100 INGUINAL HFRNIA 
rn 100 
PFHB 40 

rllr 400 U~IBlr.lrAL IIFRNI A 
ETII 1250 

PA 100 CONGFNITAI. 
SUBLUXATION OF IIIP 

CAZ 800 CONGFNTT,\L 
SUBLUXATION OF 1111' 



Table 6 

OtJTCO~lES WTTH M,\JOR MALFORMATIONS IN THE PREVlOUS SYTUDY 
ANO THE PRFSENT STUDY 

TYPE OF ANOMAL 1 ES PREVrOlTS STUDY 

1 • D EVEJ,OPNENTAL OEFECTS 

r()n~f'nital hPRrt 
rll,,,nc;p wlth or 
Wl t.hout othpr 
an orna Il P, 
IJrn~(>nllal 

annrnaly with or 
wllhoul othel' 
anorna 1 i PS 

Cleft IIp t.:ith 
or Wl thout 
cie ft pa 1 a te 

Olher, 

2. POSTI'R·\L [JEFOR~lITIES OR 
HERN rAS 

Foot 
rlpf0rrnltles 

Sublu,ntlon 
of hl p, 

lIf'rnlaS 
(rngulnal and 
Ilrnhl 1 Ir'Rl hpI'nla) 

6 

3 

2 

2 

6 

2 

8 

PRESENT STUDY 

2 

o 

o 

o 

4 

ou 



Table ';' 

Ti p~ OF 
MALFOR'1ATIONS 

\'E'\TR 1 CL'LAR 
SEPTAL DHEeT 

-\TRlo\L SEPTAL 
OEFEeT 

AORTA COARCTATION 

RISI- OF OCClRRP .. CE ';\[ REClRRE\CE OF :'.11', Ir, -\~ "';.'Of, "·\LFOR"·\Tltl\S 
FRO~ THF ~1·Fh .TlRF 

REFERENCE 

Bergsma,D. 

Bergsma,D. 

Bergsma,O. 

R1Sh OF OCC~RRE\CE 

1979 I/~OO Ifull-ter~ 

11''''' \.llr\.hsl 

1979 1 Il 000 

1979 1/1600 

h!SI- OF RFClRRE\CE 

l'HIF',T'S sn !'\TIF\T'S ('HILl) 

!redlctt>d rI»" !'redlc •• ·d rl»k 
- U~ 5 0% 

EmplrlC rlsk 
4,4% 

f'rpUltted f"lsk 
3 2% 

Emplrlc rlsl< 
3.2" 

Pr~\tc\.ed rlsk 
:: a 

Empl rtc ri sk 
!. 8" 

Emplrlt rlsk 
4 0% 

l'redlC'..! d rlsl< 
3.2" 

Emplrlc rlsk 
2.5" 

Predlcted rlsk 
:.a 

i:mp1rlc rlsk 
2.7" 

TETRALOG) Of fALLOT Bergsma,O. 1979 10% of Congenl\.al 
heart dlsease 

Preolcled rlsk 
3.2" 

Emplrlc rlsk 
2.7~ 

Predlctf'd rlsk 
3 2" 

Emplrlc rlsk 
4.2" 

CLEFT LIr \'ITH 
OR WITHOtlT 
CLEFT PALATE 

HYPOSPADIAS 

HYDROCEPHALY 

H.GUINAL HERNIA 

UMBILICAL HERNIA 

CLUB fOOT 

SYNDACTYLY 

SUBLUXATED "IPS 

loarkan),J. 1971 11I000(ln the 
bab1es hospltal ln 
Nt:>\. ) ork ) 

Llndsa),~.K 19,9a C~~"'DA. 1'930 
1979b l SA' 1/6~0 

CAUCASIA~' 1/,50 

Carter,C.O. 1969 

Bergsma,O. 19i9 )/186 

Bergsma,n, 1979 1/2000 

Bprgsma,D. 1979 ]-5" (Full tf'rm) 
Gra),S.~. & 30% (Premature) 
Skandalak.s,\ .E, 

Fl.rst,L.R. & 
Snyder,J 

Klauber,G.T. 
Sant,C.R. 

1972 

1989 
& 
1985 

Kla"ber,G.T. & 
Sant,G.R 1985 

18 5": 
42.3'" 

Lovell,W.W. et al 0.1-0.5% 
1986 

Bergsma,D. 1979 1/3000 

WhIte 
Black 

MacEwen,C.O. et al. 9.2/1000 
1986 

3 2-4.9" 

12.0" 

4% 
( 1 Î" bn l h 
affected parent 
and Blb ) 

3-4.3% 

AuLosomal reBseSlVe or X-llnked 

" ., 

4.95" ., 

50.0" 50.0" 

!'FF\ 10:"5 
sn P) 

e~ 

o 

o 9" 

o 

] ·e" 

1 . 8" 

0.9" 

5.5" 

1. 8" 

3:J,; 

o 

1. 8" 

!'RESE\T 
5Tl'P) 

Cl 

1 .2." 

o 

1 .z." 

1.2% 

o 

o 

4.9% 

o 

o 

o 

o 



Tab le 8 

MI NOR ANctlALJ ES 

-
( NO. 

J.5 

PREVTOtIS ~:mJDY 20 

PRESENT STlJDY 29 

* P<O,05 

OF MINOR ANOMALIES 

>5 TafAL 

53 73 

35 64 

STATISTICS 

X2 = 4.016 * 

, 
j 
l 
1 
j 
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Table 9 

GROWTH PARAMETERS (MEAN OF STANDARD DEVIATTON) 

PREVIOUS STUDY PRESENT STUDY STATISTICS 

HEAD -0.420 -0.341 t=0.36 
CERCUMFERENCE 

WEIGHT -0.220 -0.038 t=1.09 

LENGTH -0.081 -0.204 t=0.55 



Table 10 

COMPARISON OF THE POSSIBLE RISK FACTORS BETWEEN PREVIOUS STUDY AND 
PRESENT STUDY 

GENERAL RISK FACTORS 

ALCOHOL 

SMOKING 

FAMILY HISTORY 
OF CONGENITAL 
MALFORMATIONS 

FAMILY HTSTORY 
OF EPILEPSY 

~IATERNAL AGE 
(ypars) 

MEAN GESTATIONAL 
AGE 

(to/peks) 

RISK FACTORS RELATED TO 
EPILEPSY IN MOTHER 

~IAJOR SETZURE 
IST TRIMESTER 

~IAJOR SE r ZURE 
ALL TRHIESTERS 

MINOR SEIZURE 
IST TRIMESTER 

~1T NOR SE; ZURE 
ALL TR 1 ~1ESTERS 

MiE t\T ONSET 
OF SEIZURES 

(YPllrR) 

m'RATIoN OF 
EPILEPSY 

( YPIl J'S ) 

* P<O.Ofi 
** P<O.OI 

PREVIOUS STUJ1V 

+ 

34 79 

42 73 

49 50 

43 57 

26. 1 ± 4.6 

39.3± 1.7 

26 87 

45 69 

38 58 

43 52 

12.3 ± ï. 0 

13. i ± 6.8 

30 89 

PRESENT STUDY STATISTICS 

+ 

14 53 x 2=1.378 

22 50 x 2=0.460 

10 65 x 2=23.312 ** 

35 43 X 2=0.010 

27.1± 4.35 t = 1 596 

38.6± 2.8 

21 61 x 2=0.062 

31 53 y. 2=0.048 

22 62 X 2=3.039 

31 53 X ?=0.963 

13.3± 7.2 t=l.OOl 

l3.8± 7.5 t=0.099 

x 2=0.022 26 
,. ,. 
Il 



Table Il 

INCIDENCE OF MALFOR~ED OGTCOMES wITH SAME TYPF OF MAI.FORMATIONS 
IN THE FAMILY HISTORY 

TYPE OF 
MALFORMATIONS 

CONGENITAL 
HEART DISEASE 

CLEFT LI1' WITH 
OR WITHOUT 
CLEFT l'ALATE 

HYPOSPADIAS 

FOOT DEFORMITY 

SUBLUXATED 
HIPS 

INGUINAL HERNIA 
UMBILICAL HERNIA 

MULTIPLE ANOM!1LY 
WrTH TETRALOGY 
OF FALLOT 

SPINA BIFIDA 

PRE\" 1 OUS STl:DY 

N 

6 

2 

2 

6 

2 

8 

0 

0 

NUMBER OF OFFSPRING 
WITH SAME TYPE OF 
FAMILY HISTORY 

o 

o 

HYPOSPADIAS 1 
CRYPTORCHIDISM 1 

FO,T DEFORMITY 3 

SUBLUXATED 1 
HIPS 

INGUINAL HERNIA 4 

0 

0 

PRESENT STUDY 

N 
NUMBER OF OFFSPRiNG 
WITH SAME TYPE OF 
FAM1LY H1STORY 

l(ASD) o 

1 o 

0 0 

0 0 

0 0 

4 0 

MULTIPLE 1 
ANOMALY 

0 



Table 12 

COMPARJSON OF THE TYPE OF EPILEPSY BETWEEN PREVIOUS AND 
PRESENT STUDJES 

TYPE OF EPILEPSIES 

Primary Generalized 

Secondary Generalized 
wi th or wi thout 
focalization 

Par t i al Complpx 

Par t i al Simple 

Part 1 al (forus 
undctprmined) 

Epilepsy lJnc]étssified 

EpiIppsy UnI ikely 

Total 

* P<0.05 
** P<O.Ol 

NUMBER OF 

PREVIOUS 
STUDY 

35 ( 37%) 

9 ( 10%) 

25 (27%) 

14 ( 15%) 

3 ( 3%) 

7 (7% ) 

1 (1 %) 

94 

WOMEN 
STATISTICS 

PRESENT 
STUDY 

32 (31%) x 2=0.581 

9 (9%) x 2=0.002 

27 (26%) X 2=0.010 

Il ( Il %) X 2=0.453 

9 (9% ) X 2= 1 • 762 

14 ( 13%) X2=1.35ï 

1 ( 1 %) X 2=0.118 

103 X 2=5.505 
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Table 13 

DISTRIBUTION OF MONOTHERAPY AND POLYTHERAPY: 
COMPARISON OF PREVIOUS AND PRESENT STUDIES 

THERAPY 

MONOTHERAPY 

POLYTHERAPY 

NO MEDICATION 

AVERAGE NUMBER 
OF AC DRUGS 

* P<0.05 
** P<O.Ol 

PREVIOUS 
STUDY 
(N=116) 

47 (40%) 

66 ( 57%) 

3 ( 3%) 

1.7± 0.74 

PRESENT 
STUDY 
(N=90) 

61 (68%) 

24 (27%) 

5 ( 5% ) 

l.3± 0.63 

STATISTICS 

] X 2=16.615 * 

X 2=0.5~34 

t=3.81 ** 

* 



Table 14 

TYPRS OF nRUGS TAKEN DURING THE FIRST TRIHESTER: 
COMPARISON OF PREVIOUS AND PRESENT STUDIES 

NAMB OF DRUGS PREVIOUS PRESENT STATISTICS 
STUDY STUDY 
(N=116) (N=90) 

PHT 86 (741) 34 (381) P=26.076 •• 
PB 51 (441) 13 (141) P=19.268 •• 
PRM 20 (171) 5 (61) P=5.441 • 

ESM 8 (7%) 1 (lI) P=2.793 

CBZ 22 (191) 34 ( 38%) P=8.135 t. 

VPA 9 (8%) 20 (22%) P=2.793 t. 

CZP o (0%) 2 (21) P=0.805 

• P<0.05 
u P<O,Ol 

-



.. . 
SERU~ FOLATF LEVELS 

PREVIOUS STUDY PRESENT STllDY STATISTICS 

+ + 

FOLATE 92 17 46 1 X2=4.591 * SUPPLEMENTATION 

<4ng/ml 14 26 22 59 X2=O.457 
lst & 2nd 

TRIMESTERS 

* P<O.05 

,. 



Table 16 

OOMPARlSON OF THE INCIDENCE OF MAJOR ~~LFORMATIONS BETWEEN MONOTHERAPY AND 
mL YTIIERAPY GROUPS 

MJNOTIŒRAPY fUr.YTHERAPY STATISTTCS 
DEVELOFMENTAL DEFEcrS 8 9 X2=O.044 

POSruRAL DEFORMITIES Il 8 X2=O.06ï AND HERNIAS 

TOrAL MAJOR 19 17 X2=O.019 MALFORMATIONS 

TOrAL OFFSPRING 108 98 

, 

.. ~ -( 
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Table 17 

COMPARISON OF THE POSSIRIJE RISK FACTORS BETWEF.N PRRGNANCIES WITII 
NORMAL OUTCOMES AND 8PONTANEOUS ABORTIONS 

GENERAL RISR FACTORS 

ALCOHOL 

SMOKING 

FAMILY HISTORY 
OF CONGENITAL 
MALFORMATIONS 

FAMlLY HISTORY 
OF EPILEPSY 

MATERNAL AGE 
(years) 

GESTATIONAL 
AGE 

(weeks) 

RISK FACTORS RELATED 
EPILEP8Y IN MOTflER 

MAJOR 8EIZURE 
18T TRIMESTER 

MAJOR SEIZURE 
ALL TRIMESTERS 

MINOR SEIZURE 
18T TRIMESTER 

MINOR SEIZURE 
ALL TRIMESTERS 

AGE AT ONSET 
OF SEIZURES 

(years) 

DURATION OF 
EPILEPSY 

(years) 

SERUM FOLATE LEVELS 
<4ng/ml 
lst &. 2nd 

TRIMESTERS 

* P<0.05 
** P<O.OI 

TO 

NORMAL OUTCOMES SPONTANEOUS STATISTICS 
ABORTION 

+ - + -

Il 58 2 6 X 2=0.0,2 

18 52 3 5 X 2=0.085 

9 48 0 7 X 2=0.311 

26 32 4 5 x2=0.115 

27.0± 4.4 28.2± 3.7 t=0.898 

39.0± 1.9 12.4± 3.2 

16 49 3 6 X 2=0.024 

26 59 3 6 X2=0.044 

16 51 3 6 X 2=0.042 

23 40 3 6 x 2=0.034 

13.4± 7.3 15.4± 6.4 t=0.870 

13.7±7.8 12.8± 6.6 t=0.378 

16 45 4 3 X 2=1.593 



Table 18 

COMPAHISON OF TUf.: POSSJBI.JE RISK FACTORS BETWEEN PREGNANCIES WITH NORMAL 
AND ABNORMAI. OUTCOMES IN THE PRESENT STUDY 

GENERAL RISK FACTOR 

ALCOHOL 

SMOKING 

FAMILY HISTORY 
OF CONGENITAL 
MALFORMATIONS 

FAMIIJY HISTORY 
OF EPILEPSY 

MATERNAL AGE 
(years) 

GESTATIONAL 
AGE * 

(weeks) 

RISK FACTORS RELATED TO 
EPILEPSY IN MOTHER 

MAJOR srHZURE 
tST T <IMESTER 

MAJOR SEIZURE 
ALL TRIMESTERS 

MINOR SEIZURE 
lST TRIMESTER 

MINOR SEIZURE 
ALL TRIMESTERS 

AGE AT ONSET 
OF SEIZURES 

(years) 

DlJRATION OF 
EPILEPSY 

(years) 

SERUM FOLATE LEVELS 
<4ng/ml 
Ist &: 2nd 

TRIMESTERS 

* includingabortions 

* P<O.05 
** P<O.OI 

NORMAL OUTCOMES ABNORMAL OUTCOMES 

+ + 

11 58 1 4 

18 52 1 4 

9 48 1 7 

26 32 2 6 

27.0± 4.4 27.2± 5.6 

36.0± 8.7 31.7± 8.4 

16 49 2 6 

26 59 2 6 

16 51 3 3 

23 40 5 5 

13.4± 7.3 10.7± 8.3 

13.7± 7.8 16.6± 6.4 

16 45 1 6 

STATISTICS 

% 2=0.153 

% 2=0.062 

% 2=0.079 

% 2=0.465 

t=0.098 

t=1.370 

% 2=0.169 

x 2=0.005 

% 2=0.830 

%2=0.216 

t=0.883 

t=1.189 

x 2=0.053 
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Table 19 
RATE OF MALFORMATIONS I~ THE LITERATURE 

MALFORMATIO~ RATE (%) 
AUTHOR YEAR PUT PB PRM CBZ VPA TOTAL METftoD 

11 C 11 C 11 C 11 C 11 C 

HIllar " 1973 40.0 8.0 0 6.4 prospectIve 
Nevln 15 ) 12 ) (2) (110) 

Starreveld-
Zlaaeraan 1973 0 11.3aa - 0 o*a 7.4 retrospc"tlve 
et al. (3 ) ( 124 ) (1 ) (50) (297) 

Nakane 1980 0 7.9 15.8 9.4 8.5 prospectIve & 
et al. (26) (496) (19 ) (413) (129) retrospectlve data 

are used 
... 

Llndhoul 1982 17.7 Hl. 5 13.0 10.8 13.9 8.2 prospective 
et al. (51 ) (65) (23) (74) (65) (184 ) 

Lindhout 198'- 2.5 1.5 prospectIve 
..... .t. Sè,J,. ... :.+ (1201 (3931 

Bertol hni 1987 4.6 2.8 1.4 8.2 3.5 retrospecti ve 
el al. (153) (250) (70) (62) 

Rating 1987 25.0 Ib.7 prospectIve 
CT AJ. (16 ) (30) 

HQ4)l 1987 2.5 0.2 prospect.lve 
et. al. (1201 ( 1838) 

Kaneko a 1988 14.6 0 9.9 0 17.4 0 19.4 10.0 25.9 0 14.0 prospectIve 
et al. (137) (10) (71 ) (2 ) (92) (4 ) (67) ( 10) (27) (3 ) (172) 

Wladl.1 ror " 3.7 5.9 4.4 osa 3.0 3.1 prospect.lve 
et al. 1988 (27) ( 17) (45) ( 381 ( 33) (162) 

Jones 1989 9.3 2.9 9.3 pro!'lpectlve 
et. al. (54) (35) (54) 

25.0 25.0 25.0 ret.rospect.ive 
(8) (4 ) (8) 

I1NI, 1971-1984 25.0 24.0 28.6 25.5 100.0 50.0 25.0 9.0 33.3 22.2 24.1 prospective 
(24 ) (86) (71 (51 ) (1 ) (20) (8) (22 ) (3 ) (9) 1 1 161 

I1NI, 1982-1989 0 2.9 0 7.7 0 0 12.5 8.8 25.0 20.0 8.8 prospect.ive 
(20) (34) ( 3) ( 13) (1) (5) (24) (34 ) ( 12) (20) (90) 

MNI, 1971-1989 13.6 18.3 20.0 23.4 50.0 40.0 18.5 10.7 26.7 20.7 17.5 prospective 
(44 ) (1201 ( 101 (64) ( 2) (25) (32) (56) ( 15) (29) (206) 

1 maJor and minor anomalIes are included 11 = monotherapy 
.a only polyt.herapy (wIt.hout. monot.herapy) C :: monothera"y arlo pol y Lherapy 
()= Nu.ber or esses are Inclur'C'd", 

.; 
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FIg. l 

Comparison of major anomalies and spontaneous abortion in the offspring 
between previous and present studies 
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Fig. 2 Comparison of minor anomalies in the offspring between 
previous and present studies 
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Fig. 3 

-0.2 

sn 

-0.4 

-0.5 

COMPARISON OF GROWTH PARAMETERS 
BETWEEN PREVIOUS AND PRESENT STUDIES 
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Fig. 4 

Comparison of the head circumferences at birth 
between infants exposed to monotherapy and 

polytherapy in the present and the previous study 
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Fig. 5 

Occurrence of major seizures during pregnancy 
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Fig. 6 Occurrence of minor seizures during pregnancy 
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Fig. 7 

Previous study(1971-1984) n=116 Present study( 1982-1989) n=90 
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Fig. 9 
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Fig. 
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Fig. Il Present study(1982-1989) 0=90 

Percent abno:rm.al ou~omes 
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Fig. 12 

Comparison of the plasma PHT 19vel between previous 
and present studies (PHT monotherapy) 
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Fig. 13 

Comparison of the plasma CBZ level between previous 
and present studies (CBZ monotherapy) 
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Fig. 14 

Comparison of the plasma VPA level between previous 
and present studies (VPA polytherapy) 
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Fig. 15 Comparison of serum folate levels between the 
present and the previous studies 

. -20 

18 

18 

14-

12 

i-

1· 

~. 

:. 

Serum folate 10 
level(ng/ml) 

8 1-

1< 8 

4 

2 

o 

: . 
. 

N.S. 
l 
l 
~ 
~~I 

1'11 " 
l'JI, , , , 

.~ 1 

" , 
'" 

1 " ,~i! ; ,", " 
ii!!I'" 
"II"" 

1111 1 
,1'11 

'" 1111 ,. 

'11", 
Il.1,11 
" , 

1 st. 

* P<O.Ol 

-. 

~* 
.....,... * ,...... .... 

l ~ 

-r "ï 
~ 
, ,,, -~I 

ri III '" , "II 

lt'l, 
, 

'i 
1 )"11 

" , 
IIJ, 

111 1 , ' " ' , " "III l, l, 
" 

,III , . Il , 

'" 
. , , 

1'11 
, 

i ' " " l,II 

,1' _;1' 1",1 
" , ", 

Il,1,1 1 1:' 

l, '11 1 
II 

j'Il 
! '1,"11 

" 
. , . 

' , '" . 
", , 1,111 1 .. , 

' " 
. 

':':' '" 'l"" -i, " 1 
' , . , "II . 

2nd 3rd 
Trim.esters 

d-* 

T 
I-~ . , 

' .. ' . .' , , 
, ., 

'" 
" . . -. '. '" 
l"i, , , 

l, ,. 
"II ,. 
1 III , .. .' III t .,,111 
, , ., . , 

-- AIl 
. --

o Present 
study 

El previous 
study 

~ 



Fig. 16 

Frequency of m.ajor congeniW m.alform.atioll2!l in the Off!lfring in relation 1.0 
maternal anticonvulsanbl (isolated and in combination during the fint 

trimester of pregnancy: combined data from prerio1l8 and present studies 
(n=206) 
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A.C. 

Fig. 17 

Frequency of major congenital lD.a1fonnatioJ18 in the off8pring in 
relation t.o m.aternal anticonvulaants d uring the finit trimesœr of 

pl'epaney combined data fram previous and present studiea 
(n=206] 
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Fig. 18 Comparison of the me an VPA serum level in 
monotherapy between pregnancies with normal and 

VPA serum 
level (ug/ml) 
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Fig. 21 Comparison of % CBZ-E/CBZ between CBZ 
Ulonotherapy and cOlllbined CBZ and VPA 

therapy groups 
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Fig. 22 Cornparison of % CBZ-E/CBZ between 
prepregnant and pregnant periods in the CBZ 

monotherapy group 
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