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Komentar

Vyuziti terapeutického monitorovani 1éCiv k objektivizaci transplacentarniho pienosu

¢ty nejcastéji uzivanych antiepileptik v téhotenstvi

Terapeutické monitorovani 1é¢iv (TDM) je specificka metoda oboru klinické
farmakologie uzivana k monitoraci terapie pomoci stanoveni koncentrace 1é¢iva v séru
nasledované erudovanou interpretaci a spolupraci s klinikem. TDM se pouziva jako nastroj k
optimalizaci terapie epilepsie, a to v€etné t¢hotenstvi. Je jiz znamo, ze k posouzeni fetalni
expozice 1é¢ivu uzivanému matkou by se mély vzit v ivahu nejen typ 1é¢iva a jeho davka,
ale také koncentrace 1é¢iva v matetském organismu a v organismu novorozence pii porodu.
Za doporuc¢enou metodu ke stanoveni transplacentarniho pfenosu lé¢iva se pak povazuje
stanoveni poméru jeho pupecnikové/mateiské sérové koncentrace. I presto vsak jsou udaje
tykajici se prechodu 1éCiv placentou vzacné, a to vcetné antiepileptik (AEP). Stejné tak jsou
omezené informace o pouzivani AEP b&hem t&hotenstvi v Ceské republice. Cilem préace
byla monitorace dlouhodobych trendt v preskripci AEP béhem téhotenstvi a analyza
transplacentarniho ptenosu ¢ty nejéastéji predepisovanych AEP. Jako zdroj udajt byla
pouzita data ze zadanek a koncentrace AEP stanovené v ramci rutinniho TDM pii porodu
v letech 1991-2017. Retrospektivné byly analyzovany tdaje od 235 t€hotnych epileptiek
uzivajicich AEP v obdobi 1991-2006 a 208 pacientek mezi 2007-2016. Transplacentarni
prenos lamotriginu (LTG) byl sledovéan u 63 Zen, kyseliny valproové (VPA) v 58 ptipadech,
karbamazepinu (CBZ) u 114 pacientek a levetiracetamu (LEV) u 11 Zen. Monoterapie AEP
byla pouzita u 61% zen v obdobi 1991-1995, u 68% mezi 1996-2000 a v 76% v letech 2001-
2006. Nejcastéji byly piedepisovany v pribéhu 1. periody fenytoin, CBZ a primidon, béhem
2. periody CBZ, fenytoin a VPA, a v obdobi 3. periody CBZ, LTG a VPA. V pokracujici
studii byla monoterapie uzita v 83% piipadi v obdobi 2007-2011 a u 68% zen mezi 2012-
2016. Nejvice predepisovany byly LTG, VPA a CBZ béhem 2007-2011 a LTG, LEV a CBZ
mezi 2012-2016. U LTG se pomér pupecnikové a mateiské koncentrace pohyboval v
rozmezi 0.40-2.40 s moZnou distribuci do tii podskupin. Kombinace s VPA signifikantné
zvySovala jak matetskou tak pupecnikovou koncentraci LTG a signifikantné sniZzovala
clearance LTG asi 0 65%. Hladiny CBZ byly naméteny v rozmezi 0.6-11.8 mg/l (CBZ-
10,11- epoxid 0.1-2.5 mg/l) v matetském a mezi 0.1-10.5 mg/l (CBZ-10,11- epoxid 0.1-2.2
mg/l) v pupecnikovém séru. Pomér pupecnikové a matetské koncentrace CBZ dosahoval

hodnot 0.03-2.23 a u CBZ-10,11- epoxidu mezi 0.17-2.00. Soubé&zné podavani enzymovych
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induktort signifikantné zvySovalo matefskou clearance CBZ asi 0 50% a kombinace s VPA
ptiblizné o 70%. Soucasné uzivani VPA vyznamné zvysilo pomér CBZ-10,11- epoxid/CBZ
jak v matetském (asi o 80%), tak pupecnikovém séru (o 100%). Koncentrace VPA se
pohybovaly mezi 5.3-59.5 mg/l v mateiském a mezi 5.4-72.1 mg/1 v pupe¢nikovém séru,
pomér pupecnikové a matefské koncentrace se nachdzel v rozmezi 0.64-2.49. Nepiima
signifikantni korelace byla nalezena mezi porodni délkou/hmotnosti a jak matefskou tak
pupecnikovou koncentraci VPA, avSak ne ve vztahu k davce. Koncentrace LEV se
nachazely v rozmezi 1.3-22.5 mg/l v matetském a 2.3-36.0 mg/l v pupecnikovém séru,
pficemz mezi t€mito koncentracemi byla nalezena vysoce signifikantni korelace. Pomér
pupecnikové a mateiské koncentrace se pohyboval mezi 0.75-1.78 s primérem 1.13,
sparované matetské a pupeénikové koncentrace nebyly signifikantné odlisné. Zavérem,
uvedené vysledky zdokumentovaly dlouhodobé trendy v preskripci AEP u téhotnych
epileptic¢ek. V letech 1991-2016 doslo k signifikantnimu posunu v 1€cbé epilepsie téhotnych
z poly- na monoterapii a z prvo- a druho- generacnich AEP na latky druhé a tieti generace.
Byla nalezena siroka interindividualni variabilita poméru pupeénikové a matetské
koncentrace u LTG, CBZ a VPA. Potvrdili jsme také jiz diive pfedpokladanou volnou
transplancentarni pasaz LEV. Poprvé bylo demonstrovano vyznamné zvyseni poméru
pupecnikové a matetské koncentrace CBZ-10,11- epoxidu i poméru CBZ-10,11-
epoxid/CBZ jak v matefském tak v pupecnikovém séru pii kombinaci s VPA. Zjistili jsme,
ze porodni délka a hmotnost nepfimo z&visi na matetské a pupecnikové koncentraci VPA,

avSak nezavisi na davce. Proto je ke zhodnoceni fetalni expozice AEP a k minimalizaci

wevr



Commentary

Utilization of therapeutic drug monitoring for evaluation of transplacental passage

of four mostly using antiepileptic drugs during pregnancy

Therapeutic drug monitoring (TDM) is a specific method of clinical pharmacology
for monitoring of the therapy using measurement of drugs serum concentrations followed by
erudite interpretation and good cooperation with clinicians. The method is used as a tool to
optimize treatment of epilepsy including pregnancy. It was reported that analytical models
should take into account not only type and dose, but also levels of drugs in the mother and
the neonate at birth as a closer surrogate marker for fetal exposure. Measuring the umbilical
cord/maternal serum drug level ratio at birth is the method recommended to assess
transplacental transfer. However, the data relating to the transplacental passage for most of
drugs including antiepileptic drugs (AED) remain sparse. As well, little is also known about
the extent of AED use in pregnancy in the Czech Republic. The goal of the study was
examination of long-term trends in utilization of AED during pregnancy and analysis of
transplacental passage of four most prescribed AED. The request forms for routine TDM
and concentrations of AED at delivery collected between years 1991-2017 were used as data
source. The retrospective study analysed data from 235 pregnant women with epilepsy
receiving AED between 1991-2006 and from 208 patients between 2007-2016. Lamotrigine
(LTG) transport through the placenta was followed in 63 women, valproic acid (VPA) in 58
women, carbamazepine (CBZ) in 114 patients and levetiracetam (LEV) in 11 women.
Monotherapy was used in 61% of women in 1991-1995, in 68% between 1996-2000 and in
76% in 2001-2006. The most frequently prescribed were during the 1% period phenytoin,
CBZ and primidone, during the 2" period CBZ, phenytoin and VVPA, and during the 3"
period CBZ, LTG and VPA. In continued study, monotherapy was used between 2007-2011
in 83% and in 2012-2016 in 68% of women. The most frequently prescribed were LTG,
VPA and CBZ during 2007-2011, and LTG, LEV and CBZ in 2012-2016. The LTG
umbilical cord/maternal concentration ratio ranged between 0.40-2.40 and showed a
possible distribution to three subgroups. Co-medication with VPA significantly increased
both maternal and umbilical cord LTG concentrations and significantly decreased LTG
clearance by about 65%. The maternal CBZ levels varied from 0.6 to 11.8 mg/L (CBZ-
10,11- epoxide 0.1-2.5 mg/L) and in umbilical cord between 0.1-10.5 mg/L (CBZ-10,11-
epoxide 0.1-2.2 mg/L). The umbilical cord/maternal level ratio of CBZ ranged from 0.03 to
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2.23 and of CBZ-10,11- epoxide between 0.17-2.00. Concomitant administration with
enzyme inducers significantly increased the maternal clearance of CBZ by about 50% and
co-administration with VPA approximately by 70%. Combination with VPA significantly
increased the rate of CBZ-10,11- epoxide to CBZ both in maternal serum (by about 80%)
and in umbilical cord (by 100%). The VPA levels varied from 5.3-59.5 mg/L in maternal
and between 5.4-72.1 mg/L in umbilical cord serum. The umbilical cord/maternal level ratio
ranged from 0.64-2.49. A significant inverse correlation was found between birth length and
weight and maternal and umbilical cord VPA concentrations, but not dose. LEV levels
varied from 1.3 to 22.5 mg/L in the maternal and between 2.3 - 36.0 mg/L in the umbilical
cord serum and highly signifiant correlation was found between both concentrations. The
ratio of the umbilical cord/maternal serum level ranged between 0.75 and 1.78 (mean 1.13)
and paired maternal and umbilical cord serum levels were not significantly different. In
conclusion, the data showed long-term trends in the utilization of AED in pregnant women
with epilepsy. A significant shift from poly- to monotherapy and from first- and second-
generation to second- and third-generation of AED was found between 1991-2016. We
presented the wide interindividual variability of umbilical cord/maternal serum
concentration ratio of LTG, CBZ and VPA. We confirmed also free transplancental passage
of LEV. It is the first study showing the significant increase of the umbilical cord/maternal
serum level ratio of CBZ-10,11- epoxide and CBZ-10,11- epoxide/CBZ ratio not only in
maternal serum but also in umbilical cord serum in addition of VPA. In our study, birth
length and weight were inversely related to maternal and umbilical cord VPA levels, but not
to dose. Therefore, TDM of AED is during pregnancy more useful than the given dose for

the estimation of fetal exposure and minimization of the risk of fetal effects.
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Predmluva

Ve své predkladané habilitacni praci s ndzvem “Vyuziti terapeutického
monitorovani 1éCiv k objektivizaci transplacentarniho pfenosu Ctyt nejcastéji uzivanych
antiepileptik v t€hotenstvi” jsem se pokusila navazat na jiz obhajenou habilita¢ni praci na
LF UK v Bratislavé z roku 2017 v ramci akreditovaného oboru ,,Klinickd farmakologie”,
ktery nebyl a ani v soucasnosti neni akreditovan pro habilitacéni a profesorska Fizeni na
$ddné lékaiské fakulté v Ceské republice.

Terapeutické monitorovani 1éciv (TDM) je specifickd metoda oboru klinické
farmakologie a jako takova je nékdy oznacovana jako ,,klic* k personalizované
farmakoterapii fady onemocnéni véetné epilepsie. V piipad¢ antiepileptik (AEP) se TDM
vyuziva K nastaveni optimalnich davek k potlaceni zachvati se sou¢asnou minimalizaci
nezadoucich ucink, a to véetné stavl spojenych se zménou farmakokinetiky, jako je
t¢hotenstvi. Sérova koncentrace AEP stanovena u t¢hotné zeny navic neukazuje pouze
koncentraci, kterd odrazi terapeutické a ptipadné nezadouci u€inky, ale také miru expozice
embrya nebo fetu 1é¢ivu uzivaného matkou. Proto by mély analytické modely brat v tivahu
nejen typ a davku AEP, ale také jeho koncentraci v organismu téhotné Zeny i novorozence
pii porodu jako piesnéjsi marker fetalni expozice, a to zejména u 1é¢iv jako jsou AEP,
jejichz clearance mize béhem téhotenstvi vykazovat vyraznou inter- a intraindividualni
variabilitu. Z tohoto diivodu je stanoveni poméru pupec¢nikové a matetské koncentrace
1é¢iv pii porodu celosvétoveé doporu¢ovanou metodou k vyhodnoceni jejich
transplacentarniho prenosu. Tyto udaje vSak v ptipadé AEP zlstavaji omezené a pouze v
malém poctu studii byly skutecné analyzovany koncentrace jednotlivych AEP nejen
Vv matei'ském, ale také v pupecnikovém séru.

Jak se postupné v terapii epilepsie ptechazelo od tzv. ,,starych* AEP (fenytoin,
fenobarbital, primidon a dalsi) k preskripci ,,novych*“ AEP (lamotrigin, topiramat a
Vv posledni dob¢ zejména levetiracetam), ménil se také nasledn¢ vybér farmakoterapie pro
téhotné epilepticky. Nejen v Ceské republice jsou viak data o transportu téchto 16¢iv pies
placentu nedostate¢na, a z tohoto diivodu bylo cilem této prace sledovat transplacentarni
ptenos Ctyt nejcastéji uzivanych AEP - lamotriginu, levetiracetamu, karbamazepinu a

kyseliny valproové.



1. UVOD

1.1 Postaveni TDM v ramci personalizované mediciny

,Personalizovana medicina“ se stala nedilnou soucasti moderni 1ékaiské praxe, jejimz
cilem je dosazeni co nejefektivnéjsiho klinického rozhodnuti, optimalniho pro zdravi
pacienta 1 populace. Nejcastéji je charakterizovana jako integrace osobniho genetického a
proteinového profilu, jehoZ analyza umoZiiuje personalizaci medicinské péce. Casto byva
zuzovana na tzv. ,,-omic* technologie, jako je nutri¢ni genomika, farmakogenomika,
proteomika a metabolomika. Takovyto geneticky piistup ovSem nezahrnuje dalsi faktory,
jako jsou vek, pohlavi, hmotnost, soubéznd onemocnéni, stravovaci navyky, koufeni a
zejména lékové interakce. VSichni tito ¢initelé mohou vyznamné ovlivnit volbu spravné
davky lé¢iva tak, aby byla dosaZena jeho koncentrace 1é¢iva v terapeutickém rozmezi, tj.
aby hladina Ié¢iva nebyla ani ptili§ nizkd (neti¢innd), nebo naopak nepiesahovala
koncentraci maximalné tolerovanou. Pojem ,,personalizovana medicina® se tyka jak
diagnostiky, tak terapie. Farmakoterapeuticka ¢ast, Casto definovana jako ,,spravna 1é¢ba
spravnému jedinci ve spravny ¢as‘, nebo také ,,terapie Sitd na miru kazdému jednotlivému
pacientovi se blize oznacuje jako ,,personalizovana farmakoterapie®. Jeji nedilnou
soucasti se stala specificka metoda oboru klinické farmakologie - terapeutické
monitorovani 1é¢iv (therapeutic drug monitoring - TDM), které zajistuje stanoveni spravné
davky 1é¢iva a jeho spravného podani ve spravném case (tzv. aktivity ,,a posteriori‘).
Farmakogenetika oproti tomu poskytuje informace o neucinnosti, toxicité¢ nebo zménéném
metabolismu a napomaha vybéru spravného 1é¢iva pro spravného pacienta (tzv. aktivity ,,a
priori®). Obé tyto aktivity davaji jiné informace (farmakogenetika kvalitativni, TDM
umoziuje kvantifikaci) a v ramci personalizované farmakoterapie se dopliuji. TDM je
zaloZeno na predpokladu té€snéjsi korelace klinického Ui€inku s koncentraci 1é¢iva nez s
jeho davkou. V soucasnosti je pro kontrolu farmakoterapie vyuzivano zejména u téchto
skupin 1é¢iv: antibiotika (pfedevsim amikacin, gentamycin a vankomycin), antimykotika
(itrakonazol, posakonazol, vorikonazol), bronchodilatancia (teofylin), cytostatika (napf.
busulfan, metotrexat, mitotan), kardiaka (amiodaron, digoxin, metoprolol), imunosupresiva
(cyklosporin A, everolimus, mykofenolat, sirolimus, takrolimus), psychofarmaka (Siroké

spektrum antidepresiv a antipsychotik) a zejména cela fada antiepileptik (1-11).
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1.2 Vyuziti TDM v 1é¢bé epilepsie

TDM se pouziva jako nastroj k optimalizaci farmakoterapie epilepsie jiz téméf 60 let.
Prvni studie v této oblasti byly provadény v padesatych a pocatkem Sedesatych let, kdy
byla poprvé pozorovana souvislost mezi sérovou koncentraci fenytoinu a fenobarbitalu s
kontrolou zachvati a toxicitou na centralni nervovy systém (12). Posléze bylo publikovano
velké mnozstvi studii tykajicich se farmakokinetiky antiepileptik (AEP) a byla
nastartovana multidisciplinarni spoluprace mezi farmakology, analytiky, farmaceuty,
toxikology, neurology a pediatry, s cilem zdokonalit pouzivani AEP. TDM zacalo byt
aplikovano k optimalizaci terapie u individudlnich pacienti tak, aby bylo dosazeno
potlaceni zachvati s minimalizaci nezadoucich u¢inkd. Tato metoda pomaha také posoudit
pacientovu adherenci k 1é€bé, intra- a interindividudlni variabilitu farmakokinetiky
jednotlivych AEP, vliv 1ékovych interakei a ptipadnou toxicitu 1é¢by. V odborné literatute
se K interpretaci naméfenych koncentraci pouziva nékolik riznych termint (“reference

99 ¢

ranges,” “therapeutic ranges,

29 ¢¢ 99 ¢

optimal ranges,” “desirable ranges,” “effective ranges,”

9 ¢

“target ranges,” “target concentrations”), z nichz nejcastéji jsou uvadény prvni dva nazvy.
Referencni rozmezi (“reference range”) muze byt definovano jako rozmezi koncentraci
1é¢iva uvadeéné laboratoii a specifikované dolnim limitem (pod kterym je terapeuticka
odpovéd nepravdépodobnd), a hornim limitem (nad kterym je pravdépodobny vyskyt
toxicity). Naproti tomu terapeutické rozmezi (“therapeutic range”) byva oznacovano jako
rozmezi koncentraci, které je spojeno s nejlépe dosazitelnou odpovédi u daného pacienta, a
proto mize byt uréeno pouze pro jednotlivce a mezi riiznymi pacienty se miiZe liSit. Na
zaklad¢ interindividudlni variability mohou tedy néktefi pacienti dosahovat terapeuticky
prospéch i pfi koncentracich AEP mimo referen¢ni rozmezi a naopak u jinych se mize
objevit toxicky efekt i pii koncentracich v tomto rozmezi (13). Rutinné se vétSinou
stanovuje celkova koncentrace AEP, v pfipadé zménéné vazby na sérové proteiny se
doporucuje monitorovat také volnou (tzn., u€innou) frakci, analytické metody ke stanoveni
mohou byt stanoveny nejen v séru nebo plasmg, ale také ve slinach, v mo¢i, matefském
mléku, ve tkanich a suché krevni kapce. Ke stanoveni se pouZivaji bud’ komercni
imunochemické metody, nebo chromatografické metody vyvinuté ptimo v jednotlivych
laboratotich. V roce 1972 byl v Londyné vytvoten prvni program kontroly pouzivanych
analytickych metod, ktery si brzy ziskal mezinarodni spoluti¢ast. Casem se mezinarodni

spoluprace dale zdokonalovala a v soucasnosti zabezpecuje kvalitu kontroly analytickych
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metod mnoha laboratofi zabyvajicich se TDM (15-17). Antiepileptika 1. generace

(,,klasicka®, ,,stard*) jsou na rozdil od 2. a 3. generace (,,nova*“ AEP) charakterizovana

vyraznou interindividualni variabilitou farmakokinetiky, izkym terapeutickym rozmezim a

mnohem Iépe zdokumentovanou korelaci mezi koncentraci a terapeutickymi/nezaddoucimi
ucinky. Patii zde ethosuximid (ETS), fenobarbital (PB), fenytoin (PHT), karbamazepin
(CBZ2), klonazepam (CLZ), primidon (PRM), kyselina valproova (VPA) a sultiam (STM).

U ,,novych* je ve srovnani s ,,klasickymi*“ AEP ptedpokladan mensi vyskyt zavaznych

nezadoucich ucinkd, vice prediktabilni farmakokinetika a Sirsi terapeutické rozmezi, méné

je v8ak zdokumentovana korelace mezi koncentraci a terapeutickymi, resp. nezadoucimi

G¢inky (10, 11). Radi se zde eslikarbazepin-acetat (ESL), gabapentin (GBP), klobazam
(CLB), lacosamid (LCS), lamotrigin (LTG), levetiracetam (LEV), pregabalin (PGB),
retigabin (RTG), rufinamid (RFM), stiripentol (STP), tiagabin (TGB), topiramat (TPM),

vigabatrin (VGB) a zonisamid (ZNS). Zakladni charakteristika a referenéni rozmezi

antiepileptik jsou uvedeny v tabulce 1 a 2 (13, 18-22).

Tabulka 1 Zakladni charakteristika a referen¢ni rozmezi antiepileptik 1. generace (13, 18-22)

AEP biologicka vazba na Tax Vg ty, referencni rozmezi
dostupnost bilkoviny (h) (I/kg) (h) v mg/l (koeficient pro prepodet
(%0) plasmy (%0) na pmol/l; rozmezi v pmol/l )
ETS >90 0 1-4 0.6-0.7 40-60 dospéli 40-100
20-40 induktory, 30-40 déti (7.06; 282-706)
PB >90 40-60 2-4 0.5-1.0 70-140 dospéli, 37 déti 10-40
114440 novorozenci (4.31; 43-172)
PHT >80 90 4-12 0.5-1.0 30-100 dospeli 10-20
<10 déti (3.96; 40-80)
CBz 75-85 70-80 2-9 0.8-2.0 | 8-20 dospéli, 5-12 induktory 4-9; <12 v souctu s epoxidem
epoxid 50-60 10-13 déti, 30-50 stafi (CBZ 4.23, epoxid 3.96; CBZ
17-38, <51 v souctu s epoxidem)
CLz >80 82-86 1-4 1.5-4.4 17-56 dospéli, 0.02-0.07
12-46 induktory, 22-33 déti (3.17; 0.06-0.22)
22-81 novorozenci
PRM >90 10 2-4 0.5-0.8 7-22 dospéli 5-10
3-12 s induktory, 5-11 déti (4.59; 23-46)
8-80 novorozenci
VPA >90 90 1-7 | 0.13-0.19 12-16 dospéli 50-100
5-9 s induktory, 8-12 déti (6.93; 350-700)
4-9 déti s induktory
20-40 novorozenci
STM 100 29 1-5 neni 8-15 dospéli 2-10 dospéli, 1-3 déti
znam 5-7 déti (3.45; 7-34 dospéli, 3-10 déti)

Tmax = Cas k dosazeni maximalni sérové koncentrace, V4 = distribu¢ni objem, t;, = elimina¢ni polocas
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Tabulka 2 Zakladni charakteristika a referen¢ni rozmezi antiepileptik 2. a 3. generace (13, 18-22)

AEP biologicka vazba na Tax Vy tp referen¢ni rozmezi
dostupnost bilkoviny (h) (I7kg) (h) v mg/l (koeficient pro piepocet
(%) plasmy (%) na pmol/l; rozmezi v pmol/l )
ESL >90 30-40 2-3 2.7 10-20 3-35
(3.96; 12-139)
GBP <60 0 2-3 0.6-1.0 5-9 2-20
(5.84; 12-117)
CLB >05 80-90 05-4 | 0.9-18 10-30 0.03-0.3(3.33; 0.1-1.0)
N-CLB 36-46 0.3-3.0 (3.49; 1-10)
LCS 100 <15 0.5-4 | 0.6-0.7 12-16 5-20
(3.99; 20-80)
LTG >95 55 1-3 0.9-1.3 15-35 2.5-15
8-20 s induktory (3.90; 10-58)
30-90 s valproatem
LEV >95 <10 1-2 0.5-0.7 6-8 dospéli 12-46
5-7 déti (5.88; 70-270)
16-18 novorozenci
10-11 ve stafi
PGB >90 0 1-2 0.5-0.6 5-7 0.9-14.2
(6.28; 5.6-89.2)
RTG 60 80 0.5-2 2.0-3.0 6-10 nestanoveno
RFM >80 26-35 4-6 0.7-1.1 6-10 3-40
(4.20; 13-168)
STP >70 99 05-2 | 1.0-13 4.5-13 4-22 absence
8-12 Dravet syndrom
(4.27; 17-94 absence
34-51 Dravet syndrom)
TGB >90 96 05-2 | 0.8-1.0 5-9 0.02-0.2
2-4 s induktory (2.66; 0.05-0.53)
12-16 hepatalni
dysfunkce
TPM >80 13-17 2-4 0.6-0.8 20-30 5-20
10-15 s induktory (2.95; 15-59)
VGB 60-80 0 1-2 0.8 5-8 0.8-36
(7.74; 6-279)
ZNS >90 40-50 2-5 1.0-1.9 50-70 10-40

25-35 s induktory

(4.71; 47-188)

Tmax = Cas k dosaZeni maximalni sérové koncentrace, V4 = distribu¢ni objem, t;, = elimina¢ni polo¢as,

N-CLB = N-desmetyl-clobazam
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1.3 UZzivani 1é¢iv v prubéhu téhotenstvi

Fyziologické t€hotenstvi a porod zdravého ditéte je jedno z nejvétsich ptani v zivoté
kazdé zeny. Jelikoz vSak vétSina t€hotnych zen uziva béhem téhotenstvi néjakou medikaci
at’ uz z divodu akutniho nebo chronického onemocnéni, je jejich opravnénou starosti, zda
je uzivané lécivo bezpecné a zda by nemohlo poskodit jejich dosud nenarozené dite¢.
Mozné teratogenni ucinky 1€kt se zacaly intenzivné zkoumat zac¢atkem 70- tych let 20.
stoleti, kdy po tzv. ,,thalidomidové aféfe nastal vyznamny rozvoj teratologie (23-28).

V soucasnosti se v Ceské republice rodi 2-3% déti s vrozenymi vadami (29). Dal§i vrozené
vady se objevuji v obdobi pozdéjsiho Zivota, a asi 5% jedinci ma né&jakou, vice ¢i méné
zavaznou, vrozenou vadu (30). 8-10% vrozenych vad je zptisobeno efektem zevniho
prostiedi, 20-25% podminéno multifaktorialni dédicnosti, 6-7% chromozomalnimi
abnormalitami, 7-8% mutagennimi geny a u 50-60% vrozenych vad ziistavaji pfi¢iny
neznamé (31). Teratogennim G¢inkem 1ékd jsou zpuisobeny asi 3% vrozenych vad (27, 32,
33). Skodlivy ti¢inek 1ékii a jejich metaboliti se miize projevit nejen ihned po porodu, ale i
pozd¢ji — pii postnatalni adaptaci, v prub&hu dalsiho Zivota, a dokonce i v dospélosti (napf.
vyvojové problémy s poruchami kognitivnimi, intelektovymi apod., které mohou byt
disledkem uzivani AEP u déti matek 1é¢enych v tdhotenstvi pro epilepsii). Uéinek 1é¢iva
jako potencialniho teratogenu je zavisly na n¢kolika zdkladnich faktorech: obdobi
t¢hotenstvi v dob€ expozice matky 1é¢ivu, genotypu matky i plodu, a davce, nebo presnéji
mnozstvi 1éCiva, jemuZ je plod exponovan. Kritické obdobi zvySené vnimavosti je mezi 3. -
9. tydnem po koncepci, kdy vznikaji velké morfologické malformace, poté se objevuji bud’
drobngjsi morfologické vady, nebo funkéni defekty. Kazdy organ vyvijejiciho se zarodku
ma urcité obdobi, kdy je nejcitlivéjsi k pisobeni teratogent (tzv. ,,kriticka perioda®), coz je
vSeobecné 15. - 56. den po koncepci (34). Vyjimkou je n€kolik 1é¢iv zptisobujicich
malformace plodu pfi uzivani ve 2. a 3. trimestru, jako napf. tetracyklin, inhibitory
angiotensin-konvertazy a antagonisté receptoru pro angiotensin Il (35). Komplexni
fyziologicka jednotka, kterou vytvari matetsky organismus, placenta a fetus, prochazi
béhem téhotenstvi vyznamnymi dynamickymi fyziologickymi zménami. Matetskou a
fetalni reakci na 1é¢ivo podané béhem téhotenstvi ovliviuji dva zakladni faktory: 1. zmény
ve farmakokinetice 1é¢iva (od compliance, pies absorpci a distribuci az k eliminaci)

V matefském organismu zptsobené fyziologickymi zménami v t€hotenstvi (tabulka 3); 2.
placento-fetalni jednotka, ktera ovliviiuje mnozstvi 1é¢iva prochazejiciho placentou, podil

1é¢iva metabolizovaného placentou, a distribuci a eliminaci 1é¢iva plodem (23).
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Tabulka 3 Fyziologické zmény béhem téhotenstvi a jejich diisledky na hladiny 1€¢iv (36)

Parametr Diisledky
1 celkova télesna voda, zménéna distribuce 1€¢iv
extracelularni tekutina
1 tukova tkan | eliminace liposolubilnich 1é¢iv
1 srde¢ni vydej 1 hepatalni pritok vedouci ke 1 eliminaci 1é¢iv
1 renalni pritok a glomerularni 1 renalni clearance 1é¢iv primarné vylu¢ovanych
filtrace V nezménéné podobé moci

zménéna aktivita cytochromu P450 | zménéna systémova absorpce a hepatalni eliminace 1éCiv

| matetsky albumin zménéna volna frakce, zvySena dostupnost 1é¢iv pro
hepatalni eliminaci

1.4 Téhotenstvi a 1é¢ba epilepsie

Epilepsie postihuje 0.8-1.0% populace a piiblizn¢ 1 z 200 t€hotenstvi probiha pii
soucasné terapii AEP (37-39). T¢€hotenstvi epilepti¢ek je komplikovano dvéma zakladnimi
faktory: 1. zachvaty v dobé téhotenstvi mohou ohrozit matku i plod; 2. AEP jsou znamymi
teratogeny (36, 40). Nastésti, asi 90% téchto Zen porodi zdravé dité a epilepsie ani terapie
AEP nejsou kontraindikaci téhotenstvi ani kojeni (40). Béhem téhotenstvi je doporu¢ovano
pokracovat v uzivani AEP z diivodu snizeni rizika poskozeni jak matetského tak fetalniho
organismu spojeného s epileptickymi zachvaty. Na druhé stran€ je cilem farmakoterapie
béhem téhotenstvi optimalni kontrola zachvatii s minimalni in utero expozici plodu AEP,
aby bylo co nejvice snizeno riziko strukturalnich a vyvojovych teratogennich u¢inku (36).
Vliv t€hotenstvi na kompenzaci epilepsie je variabilni a neprediktabilni: u 20-33% zen
dochazi béhem téhotenstvi ke zvySeni frekvence zachvatl, u 7-25% Zen je frekvence nizsi
a u 50-83% se neméni (41). U déti epilepticek je prokazano vyssi riziko intrauterinni
rustové retardace, malych anomalii, velkych kongenitalnich malformaci, kognitivni
dysfunkce, mikrocefalie, epilepsie, spontannich potratti, a fetalniho a perinatalniho umrti
(36). Priciny teratogenniho rizika jsou multifaktorialni, jedna se hlavné o terapii matky
AEP, uvadény jsou i zachvaty a geneticka predispozice (40). Teratogenni potencial AEP
ovlivituje velikost davky (resp. koncentrace), pouziti polyterapie a 1ékova specifita. Stejné
jako u ostatnich 1é¢iv dochazi u AEP béhem te€hotenstvi v disledku zmén farmakokinetiky
k ovlivnéni jejich sérovych koncentraci, které zac¢inaji v 1. trimestru a nejzietelngjsi jsou
ve 3. trimestru (42). Naopak kratce po porodu se mohou hladiny neékterych AEP prudce

zvysit a muze dojit k intoxikaci matky a vystaveni kojeného ditéte vysokym hladinam,
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zejména v pripad¢, kdy beéhem téhotenstvi bylo davkovani zvyseno (43, 44). Tyto zmény
sérovych koncentraci se béhem téhotenstvi a kratce po porodu individudlné vyrazné lisi a
nejsou prediktabilni na zakladé obecné uvadénych zmén (36). Kromé toho existuje i Siroka
interindividualni variabilita v klinické odpovédi na stejnou sérovou koncentraci AEP (39).
Jako optimalni ptistup k monitorovani hladin AEP béhem t€hotenstvi se proto uziva TDM.
Pted otéhotnénim by méla byt individualné stanovena hladina AEP, pfti které je nejlepsi
kompenzace zachvatl bez zdvaznych nezadoucich uc€inkt a poté by mély byt hladiny
monitorovany na zacatku kazdého trimestru, béhem posledniho mésice t¢hotenstvi a 1
meésic po porodu. Frekvence TDM by méla byt dale ptizpisobena klinickému stavu, jako je
zhorseni kompenzace zachvatt, vyskyt nezadoucich u¢inkt a kontrola compliance, i
objektivizaci pfipadnych 1ékovych interakei (36, 39, 40). Béhem t&hotenstvi neodrazi
matefskd koncentrace pouze koncentraci, kterd stanovuje terapeutické a nezadouci t€inky
u t€hotné zeny, avsak také miru expozice plodu AEP uzivanym matkou. Proto by mély
analytické modely brat v tivahu nejen typ a davku AEP, ale také jeho koncentraci u matky
a novorozence pii porodu jako piesnéjsi marker fetalni expozice. Stanoveni poméru
pupeénikové a matetské koncentrace 1é¢iv pii porodu je tedy vhodnou metodou k
vyhodnoceni transplacentarniho pienosu (45, 46). Lécba epilepsie béhem téhotenstvi je
stale naro¢na, i kdyz jsou jiz znamy zavéry z nedavno provedenych studii (47). K hlavnim
vysledklim patii to, Ze povSechné zvySené teratogenni riziko neni u CBZ a LTG uZivanych
V monoterapii vys$§i, nez bylo minéno dfive. Podavani VPA je vSak spojeno s vys$$im
podilem zavaznych kongenitalnich malformaci nez u jinych AEP, a to jak v monoterapii
tak jako soucast polyterapie (48, 49). Podle nejnoveéjsich vysledkd jsou LTG a LEV

Vv monoterapii spojeny s nejnizsim a VPA s nejvyssim rizikem vzniku kongenitalnich
malformaci ve srovnani s potomky Zen bez epilepsie (50). I pies znalost téchto udaju se
prevalence pfedpisu AEP pred, béhem a po te¢hotenstvi 1i8i nejen mezi riznymi staty
Evropy, ale i svéta. Co se tyka Ceské republiky, dostupné tidaje o pouzivani AEP béhem
téhotenstvi jsou velmi omezené. Podle nejnovéjsiho hlaseni centralniho registru
shromazd'ujiciho idaje o uzivani AEP béhem téhotenstvi ,,EURAP* patii mezi nejcastéji
predepisovana AEP v monoterapii LTG, CBZ, VPA a LEV, K nejc¢astéji uzivanym
kombinacim LTG+VPA, LTG+LEV, CBZ+LEV a CBZ+LTG (51). Udaje tykajici se
transplacentarniho pfenosu a rizika expozice plodu t¢émto AEP ziistavaji stdle omezené a v
pouze malém poctu studii byly skute¢n¢ méteny jejich koncentrace jak v matetském tak

V pupecnikovém séru (52).

16



2. Cile

2.1 Analyza dlouhodobych trendd v pouzivani antiepileptik béhem téhotenstvi

v ostravském, resp. moravsko-slezském regionu Ceské republiky.

2.2 Sledovani transplacentarniho pienosu lamotriginu a analyza mateiské a
pupecnikové koncentrace LTG, jejich vzajemného poméru, matetské clearance LTG
a vlivu soubézného uzivani karbamazepinu nebo kyseliny valproové pii porodu.

Provedeni dodate¢né analyzy ptivodnich dat.

2.3 Sledovani transplacentarnino pienosu kyseliny valproové a analyza matetské a
pupecnikové koncentrace VPA, jejich vzajemného poméru, matetské clearance
VPA a vlivu soubézného uzivani enzym-indukujicich AEP nebo lamotriginu pti
porodu; vyhodnoceni vztahu mezi porodni délkou/hmotnosti a davkou/matefskou a

pupecnikovou koncentraci VPA.

2.4 Sledovani transplacentarniho pienosu karbamazepinu a karbamazepin-10,11-
epoxidu a analyza matei'ské a pupec¢nikové koncentrace CBZ i karbamazepin-10,11-
epoxidu, jejich vzajemnych poméri, matetské clearance CBZ a vlivu kombinace s
enzym-indukujicimi AEP nebo VPA pfi porodu; vyhodnoceni vztahu mezi porodni

délkou/hmotnosti a davkou/matetskou a pupecnikovou koncentraci CBZ.

2.5 Sledovani transplacentarniho prenosu levetiracetamu, analyza matetské a

pupecnikové koncentrace LEV a jejich vzajemnych poméra.
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3. Metoda a popis souboru

3.1 Zakladni metodologické postupy

Zadanky pro rutinni TDM a koncentrace jednotlivych AEP stanovené ve Fakultni
nemocnici Ostrava v obdobi leden 1991 - fijen 2017 byly pouzity k retrospektivnimu
zpracovani. Celkové koncentrace VPA byly analyzovany pomoci plynové chromatografie
(44), u ostatnich AEP byla pouzita metoda vysokoucinné kapalinové chromatografie (54).
Koncentrace LEV, LTG, VPA a CBZ byla pouzita pro vypocet mateiské clearance pomoci
rovnice: clearance (I/kg) = denni davka (mg/kg) / mateiska sérova koncentrace (mg/l) (55).
Sparované pupec¢nikové a matefské koncentrace AEP byly pouzity pro vyhodnoceni jejich
vzajemného poméru a sparované koncentrace CBZ a epoxidu v pupe¢nikovém a
matetfském séru pro zjisténi poméru epoxid/CBZ v obou prosttedich. V piipade
levetiracetamu byly analyzovany také koncentrace v mléku a v séru matek i kojenych
novorozencl ke stanoveni jejich pomé&ri. Statistickd analyza byla provedena pomoci
programu GraphPad Prism verze 5.00 pro Windows, GraphPad Software (San Diego, CA,
USA; www.graphpad.com). Nejprve byl aplikovan D'Agostino a Pearsoniv test normality
dat pro vyhodnoceni Gaussovské distribuce. Poté byl pouzit neparovy t-test (pfi normalnim
rozlozeni dat) nebo neparametricky Mann-Whitney test pro porovnani dvou odlisnych
neparovych skupin, parovy t-test (normalni rozlozeni dat) nebo neparametricky
Wilcoxonuv test k porovnani dvou sparovanych skupin, Pearsoniv korelaéni test (pfi
Gaussovském rozloZeni) nebo Spearmantiv neparametricky korela¢ni test pro analyzu
vzajemnych vztaht a Fisherliv exaktni test nebo Xz test k porovnani dvou riznych

kategorii. Hodnota p < 0.05 byla povazovana za statisticky signifikantni.
3.2 Vyvoj terapie téhotnych epilepticek v ostravském regionu v letech 1991-2006

V praci ,, Development of a treatment of pregnant women with epilepsy in Ostrava
region between years 1991 and 2006 (56) jsme analyzovali preskripci mono- versus
polyterapie AEP, pouzivani jednotlivych AEP a vyuziti jejich kombinaci v pribéhu tii
jednotlivych obdobi (1991-1995, 1996-2000 a 2001-2006). V souboru 235 téhotnych zen
s epilepsii (prumérny veék 26+5 let, télesna hmotnost 76+13 kg) byly vyhodnoceny i sérové
koncentrace jednotlivych AEP. Celkova denni davka AEP a denni davka vztazena na kg

télesné hmotnosti jsou zaznamenany v tabulce 4 a 5.
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Tabulka 4 Celkova denni davka jednotlivych antiepileptik (AEP) v mg; N = pocet,

hodnoty nebyly uvedeny ve vSech pfipadech (56)

1991-1995 1996-2000 2001-2006 1991-2006
AEP N [ meantSD | N | meantSD | N | meantSD N mean+SD
(rozmezi) (rozmezi) (rozmezi) (rozmezi)

PHT | 25 | 318+178 | 22 260+68 6 252+87 53 286+135
(40; 1000) (150, 400) (100; 350) (40; 1000)

PRM 6 5004285 8 453+211 4 | 344+120 18 4444220
(125; 750) (250; 750) (250; 500) (125; 750)

PB 4 191+189 | 2 4449 2 65+13 8 123+144
(9.25; 400) (37; 50) (55.5; 74) (9.25; 400)

ETS 1 500 1 1000 - - 2 7504354
(500; 1000)

CBZ | 15 | 603+244 | 43 4564220 36 | 544+204 94 5134223
(200;1000) (150; 900) (200; 900) (150; 1000)

VPA 1 900 10 915+409 22 | 6944291 33 767+337
(300;1500) (225; 1250) (225; 1500)

CLz 1 1.0 1 2.0 6 1.1+0.4 8 1.2+0.5
(0.5; 1.5) (0.5; 2.0)

DIA 1 10.0 1 5.0 1 10.0 3 8.3+2.9
(5.0; 10.0)

LTG - - - - 27 | 208+121 27 208+121
(25; 500) (25; 500)

TPM - - - - 3 | 233+153 3 233+153
(100; 400) (100; 400)
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Tabulka 5 Denni davka jednotlivych antiepileptik (AEP) vztazena na kg t€lesné hmotnosti

(mg/kg); N = pocet, hodnoty nebyly uvedeny ve vSech ptipadech (56)

1991-1995 1996-2000 2001-2006 1991-2006
AEP N | meantSD | N | meantSD | N | meantSD N mean+SD
(rozmezi) (rozmezi) (rozmezi) (rozmezi)

PHT | 24 4.6+2.2 19 3.3+1.0 5 3.5+1.5 48 4.0+1.8
(0.5;11.8) (1.5; 5.0) (1.1;5.1) (0.5; 11.8)

PRM 6 7.3+4.2 8 6.1+2.6 4 4.6+1.3 18 6.2+3.1
(1.5;12.3) (3.4;10.1) (3.5;5.9) (1.5;12.3)

PB 4 2.6+2.5 2 0.5+0.0 2 1.0+0.3 8 1.6+1.9
(0.1;5.3) (0.5;0.5) (0.8;1.2) (0.1;5.3)

ETS 1 6.0 1 10.1 - - 2 8.0+2.9
(6.0; 10.1)

CBz | 15 8.1+3.6 | 40 6.3+3.3 35 7.3+3.0 90 7.0+3.3
(2.6; 13.7) (1.6; 13.3) (2.9; 15.1) (1.6; 15.1)

VPA 1 10.6 10 12.4+54 20 | 9.3+4.2 31 10.3+4.7
(4.4, 21.3) (2.5;17.4) (2.5; 21.3)

CLz 1 0.017 - - 4 10.011+0.00 5 0.012+0.005
4 (0.006; 0.017)
(0.006;
0.017)
DIA 1 0.13 1 0.08 1 0.12 3 0.11+0.02
(0.08; 0.13)

LTG - - - - 27 2.7£1.5 27 2.7+1.5
(0.4;6.2) 0.4;6.2)

TPM - - - - 2 2.842.4 2 2.8+2.4
(1.1;4.4) (1.1;4.4)
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3.3 Rozbor vyvoje uzivani AEP u téhotnych epilepti¢ek v Moravsko-slezském kraji

V navazujici praci ,, Trend analysis of the utilization of antiepileptic drugs in pregnant

women with epilepsy in Moravian-Silesian region of the Czech Republic” (52) byl

analyzovan soubor 208 t¢hotnych epilepticek, kterym byla predpisovana AEP pii porodu v

obdobi leden 2007 az kvéten 2016. Sledovali jsme pouziti mono- versus polyterapie,

preskripci jednotlivych AEP i piedpis jejich kombinaci v prubéhu dvou ¢asovych period

(2007-2011 a 2012-2016) a ziskané vysledky jsme porovnali s jiz dfive publikovymi udaji

(56). Charakteristika souboru (veék a hmotnost téhotnych zen) je uveden v tabulce 6.

Tabulka 6 Charakteristika souboru a porovnani s ptedchozi studii (4);

N = pocet, t€lesna hmotnost nebyla uvedena ve vSech ptipadech (52)

N 2007-2011 | N 2012-2016 N | 2007-2016 | N |1991-2006 (4)
mean+SD mean+SD mean+SD mean+SD
vk | 117 | 29%5 | 91 |  28+5 | 208| 2845 |235| 2645
(roky) (29; 18-42) (28; 18-41) (28; 18-42) (26; 16-41)*
hmotnost | 113 75+12 85 80+13 198 77+13 185 76+13
(kg) (74; 48-115) (78; 56-125) " (76; 48-125) (75; 43-124)

"p < 0.0001: 2007-2016 versus 1991-2006; ~ p < 0.03: 2007-2011 versus 2012-2016

3.4 Koncentrace lamotriginu v matei'ském a pupecnikovém séru pri porodu

V publikaci s nazvem ,, Serum levels of lamotrigine during delivery in mothers and their

infants “ (57) jsou zahrnuty tdaje od 63 te¢hotnych zen s epilepsii uzivajicich v obdobi let
2001 az 2009 bud’ monoterapii LTG (N = 51) nebo kombinaci s VPA (N = 7), pfipadné

CBZ (N = 5). Zakladni charakteristika souboru je uvedena v tabulce 7. Nové byla

provedena dalsi analyza ptivodnich dat.
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Tabulka 7 Charakteristika souboru; hodnoty nebyly uvedeny ve vsech ptipadech (57)

matky vék (roky) télesna hmotnost (kQ)
pocet 63 63
mean+SD 2745 76x14
rozmezi 18; 41 43: 113
novorozenci: pohlavi porodni hmotnost (kg) porodni délka (cm)
pocet zenské = 27 | muzské = 28 54 51
mean+SD 3.3+0.5 49+2
rozmezi 2.2:4.6 41: 54

3.5 Koncentrace kyseliny valproové v materském a pupecnikovém séru pri porodu

Uvefejnéna prace ,,Serum levels of valproic acid during delivery in mothers and in

umbilical cord-correlation with birth length and weight** (58) analyzuje data 58 t€hotnych

zen s epilepsii uzivajicich VPA v monoterapii (N = 36), pii kombinaci s LTG (N = 7) a pii

kombinaci s enzym-indukujicimi AEP (N = 15) v obdobi leden 1991 - prosinec 2013.

Zakladni demografické udaje t€hotnych epilepticek a jejich déti jsou uvedeny v tabulce 8.

Tabulka 8 Charakteristika souboru; hodnoty nebyly uvedeny ve vsech ptipadech (58)

matky: vék (roky) télesna hmotnost (kg)
pocet 58 54
mean+SD 2745 7611
rozmezi 19: 39 60; 104
Novorozenci: pohlavi porodni hmotnost (kg) porodni délka (cm)
pocet zenské = 23 / muzské = 30 53 50
mean+SD 3.3+0.6 49+2
rozmezi 1.8:45 43: 53

22




3.6 Koncentrace CBZ a epoxidu v mateiském a pupe¢nikovém séru p¥i porodu

Publikace ,, Concentrations of carbamazepine and carbamazepine-10,11- epoxide in

maternal and umbilical cord blood at birth: Influence of co-administration of valproic acid

or enzyme-inducing antiepileptic drugs “ (59) shrnuje udaje 114 t€hotnych epilepti¢ek

uzivajicich CBZ v monoterapii a/nebo v kombinaci s “neutralnimi” AEP (LTG, CLZ,
TPM; N = 82), s enzym-indukujicimi AEP (PRM a PHT; N = 18) as VPA (N =9);
Vv jednom ptipadé byl predepsan jak PB tak VPA. Jednalo se 0 obdobi 1990-2014 (epoxid v

podskupiné 83 Zen mezi roky 1997-2014), charakteristika souboru je uvedena v tabulce 9.

Tabulka 9 Charakteristika souboru; hodnoty nebyly uvedeny ve vSech pfipadech (59)

matky: vék (roky) hmotnost (kg)
pocet 114 104
mean+SD 25+4 76+12
rozmezi 17: 38 48: 108
novorozenci: pohlavi porodni hmotnost porodni délka
pocet zenské = 48 / muzské =51 93 83
mean+SD 3.3+0.4 4942
rozmezi 2.3:4.2 43: 54

3.7 Koncentrace levetiracetamu v matefském a pupec¢nikovém séru pii porodu

Dosud nepublikovana studie z obdobi let 2006 — 2017 piedstavuje soubor 11 té¢hotnych

epilepticek uzivajicich v dobé porodu LEV v monoterapii (N = 5) nebo v kombinaci
s VPA, LTG nebo TPM (N = 6). Charakteristika souboru je uvedena v tabulce 10.

Tabulka 10 Charakteristika souboru; hodnoty nebyly uvedeny ve vSech ptipadech

matky: vék (roky) hmotnost (kg)
pocet 11 9
mean+SD 28+5 82+15
rozmezi 18; 37 68; 114
novorozenci: pohlavi porodni hmotnost porodni délka
pocet zenské = 6 / muzské = 2 8 8
mean+SD 3.3+0.4 4942
rozmezi 2.6;3.9 45: 50
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4. Vysledky

4.1 Vyvoj terapie téhotnych epilepti¢ek v ostravském regionu v letech 1991-2006

V praci ,, Development of a treatment of pregnant women with epilepsy in Ostrava
region between years 1991-2006 “ (56) jsme pozorovali pouziti monoterapie v 1. obdobi
(1991-1995) u 61%, ve 2. obdobi (1996-2000) u 68% a ve 3. obdobi (2001-2006) u 76%
zen, pricemz podil monoterapie byl ve 3. obdobi ve srovnani s 1. obdobim vyznamné vyssi
(p < 0.05; graf 1). Nejcastéji uzivana AEP nezavisle na mono- a polyterapii byly PHT
(45.3%), CBZ (24.0%) a PRM (9.3%) v 1. obdobi; CBZ (50.5%), PHT (21.0%) a VPA
(11.4%) ve 2. obdobi a CBZ (34.6%), LTG (24.4%) a VPA (21.3%) ve 3. obdobi. Nejvice
piedepisovana AEP v monoterapii i v kombinaci byly v 1. obdobi PHT (33.3%), CBZ
(13.7%) a kombinace CBZ+PHT; ve 2. obdobi CBZ (44.4%), PHT (13.6%) a kombinace
CBZ+VPA (8.6%) a ve 3. obdobi CBZ (31.0%), LTG (22.3%) a VPA (12.6%), tabulka 11.
Koncentrace AEP dosahovaly vétsinou hodnoty pod dolni hranici terap. rozmezi pro
obecnou populaci (4) s vyjimkou CBZ (v 1. obdobi 50%, ve 2. obdobi 40% a ve 3. obdobi
45% hladin v terap. rozmezi) a PRM (ve 2. obdobi 44% hladin v terap. rozmezi a 11% nad
horni hranici, ve 3. obdobi 50% hladin v terap. rozmezi). U 6.0% pacientek se koncentrace

AEP nachazela pod mezi stanovitelnosti, svédéici pro moznou non-compliance (56).

Graf 1 Mono- versus polyterapie antiepileptiky (56)
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Tabulka 11 A: pouziti jednotlivych AEP; B: pouziti monoterapie a kombinaci AEP (56)

A: 1991-1995 1996-2000 2001-2006
AEP pocet (%) AEP pocet (%0) AEP pocet (%)
PHT 34 (45.3%) CBz 53 (50.5%) CBz 44 (34.6%)
CBz 18 (24.0%) PHT 22 (21.0%) LTG 31 (24.4%)
PRM 7 (9.3%) VPA 12 (11.4%) VPA 27 (21.3%)

PB 6 (8.0%) PRM 9 (8.6%) CLZ 8 (6.3%)
CLzZ 4 (5.3%) PB 3 (2.8%) PHT 6 (4.7%)
DIA 3 (4.0%) CLz 3 (2.8%) PRM 4 (3.1%)
ETS 2 (2.7%) DIA 2 (1.9%) TPM 3 (2.4%)
VPA 1(1.3%) ETS 1 (1.0%) DIA 2 (1.6%)

PB 2 (1.6%)

B:

PHT 17 (33.3%) CBz 36 (44.4%) CBz 32 (31.0%)

CBz 7 (13.7%) PHT 11 (13.6%) LTG 23 (22.3%)

CBZ+PHT 7 (13.7%) CBZ+VPA| 7 (8.6%) VPA 13 (12.6%)
PRM 3 (5.9%) CBZ+PHT 5 (6.2%) PRM 4 (3.9%)
PHT+PB 3 (5.9%) VPA 4 (4.9%) VPA+LTG 4 (3.9%)
PB 2 (3.9%) PRM 3 (3.7%) VPA+CLZ 4 (3.9%)
PHT+CLZ 2 (3.9%) CBZ+PRM 3(3.7%) CLZ 3(2.9%)
jiné 10 (19.6%) PHT+PB 2 (2.5%) CBZ+VPA 3(2.9%)
jiné 10 (12.3%) | CBZ+LTG 3(2.9%)
CBZ+TPM 3 (2.9%)

jiné 11 (10.7%)
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4.2 Rozbor vyvoje uzivani AEP u téhotnych epilepti¢ek v Moravsko-slezském kraji

Navazujici prace ,, Trend analysis of the utilization of antiepileptic drugs in pregnant
women with epilepsy in Moravian-Silesian region of the Czech Republic” (52) prokazala
signifikantni pokles (p < 0.02; graf 2) pouziti monoterapie ve 2. obdobi (68% v r. 2012-
2016) ve srovnani s 1. obdobim (83% v r. 2007-2011). Nejvice uzivanymi AEP nezavisle
na mono- a polyterapii byly LTG (40.4%), VPA (26.2%) a CBZ (16.3%) béhem 1. obdobi
aLTG (39.2%), LEV (25.6%) a CBZ (13.6%) ve 2. obdobi. CBZ+VPA (25%) se staly
nejéastéji uzivanou kombinaci v 1. obdobi a LTG+LEV (37%) ve 2. obdobi (tabulka 12).
Vyznamné vys$si denni davka LTG byla pfedepisovana ve 2. ve srovnani s 1. obdobim (p <
0.04) stejné jako pii porovnani souhrnu obou sledovanych ¢asovych useki a udajt
z ptedchozi studie (56) z let 1991-2006 (p < 0.02). Obdobné¢ byla uzivana signifikantné
vyssi denni davka CBZ nez dfive (p < 0.04), tabulka 13. Davka/kg télesné hmotnosti byla
signifikantn¢ vyssi v aktualné sledovaném souboru (p < 0.02) u LTG a vyssi (avSak ne
signifikantn¢; p = 0.0563) u CBZ (tabulka 14). Pti porovnani véku byl mezi hodnocenymi
soubory patrny v priméru dvoulety rozdil (p < 0.0001); pacientky ve 2. obdobi mély vyssi
hmotnost (p < 0.03) nez v 1. obdobi (tabulka 6). Trendy preskripce AEP v prub¢hu celého
25- letého sledovani (1991-2016) jsou znazornény v grafu 3.

Graf 2 Mono- versus polyterapie AEP; porovnani s piedchozi studii (52, 56)
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Tabulka 12

A: predpis jednotlivych antiepileptik béhem dvou sledovanych obdobi a porovnani s prvni

hodnocenou periodou ptedchozi studie (52, 56)

B: predpis kombinaci antiepileptik béhem dvou sledovanych obdobi a porovnani s prvni

honocenou periodou piedchozi studie (52, 56)

2007-2011 2012-2016 1991-1995 (56)
A: antiepileptikum | pocet (%) | antiepileptikum | pocet (%) antiepileptikum pocet (%0)
LTG 57 (40.4%) LTG 49 (39.2%) PHT 34 (45.3%)
VPA 37 (26.2%) LEV 32 (25.6%) CBZ 18 (24.0%)
CBZ 23 (16.3%) CBZ 17 (13.6%) PRM 7 (9.3%)
CLZ 10 (7.1%) VPA 13 (10.4%) PB 6 (8.0%)
TPM 6 (4.3%) TPM 7 (5.6%) CLZ 4 (5.3%)
LEV 5 (3.5%) CLZ 4 (3.2%) DIA 3 (4.0%)
PHT 2 (1.4%) ZNS 2 (1.6%) ETS 2 (2.7%)
PRM 1 (0.7%) DIA 1 (0.8%) VPA 1 (1.3%)
B: kombinace pocet (%0) kombinace pocet (%0) kombinace pocet (%0)
CBZ+VPA 5 (25%) LTG+LEV 11 (37%) CBZ+PHT 7 (35%)
CBZ+CLZ 2 (10%) CBZ+LEV 4 (13%) PHT+PB 3 (15%)
VPA+LTG 2 (10%) CBZ+LTG 3 (10%) PHT+CLZ 2 (10%)
LTG+LEV 2 (10%) VPA+LTG 2 (7%) PRM+ETS 1 (5%)
CBZ+LTG 1 (5%) LEV+CLZ 2 (T%) CBZ+DIA 1 (5%)
CBZ+TPM 1 (5%) LEV+ZNS 2 (7%) PHT+ETS 1 (5%)
LTG+CLZ 1 (5%) CBZ+TPM 1 (3%) PHT+PRM 1 (5%)
VPA+PHT 1 (5%) CBZ+VPA 1 (3%) CBZ+PHT+PRM 1 (5%)
VPA+TPM 1 (5%) VPA+LEV 1 (3%) CBZ+PRM+DIA 1 (5%)
VPA+LTG+LEV 1 (5%) VPA+DIA 1 (3%) PHT+CLZ+DIA 1 (5%)
VPA+LTG+TPM 1 (5%) LEV+TPM 1(3%) |CBZ+PHT+VPA+PB 1 (5%)
CBZ+PRM+LTG 1(5%) | VPA+LTG+LEV | 1 (3%)
CBZ+VPA+CLZ 1 (5%)
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Tabulkal3 Denni davka antiepileptik (mg) a porovnani s predchozi studii (52, 56);

N = pocet, hodnoty nebyly uvedeny ve vsech piipadech

antiepileptikum | N | 2007-2011 | N | 2012-2016 | N | 2007-2016 | N 1991-2006 (56)
mean+SD mean+SD mean+SD mean+SD
(rozmezi) (rozmezi) (rozmezi) (rozmezi)
lamotrigin 52| 250+108 | 45 | 301+134" | 97 | 274+123 | 27 208+121"
(100; 500) (25; 600) (25; 600) (25; 500)
kyselina 34| 7464369 | 12 | 854+464 | 46 | 774+£393 | 33 767+337
valproova (150; 1500) (250; 2000) (150; 2000) (225; 1500)
karbamazepin | 21| 564+203 | 14 | 654+147 | 35 | 600+186 | 94 513+223"
(150; 900) (450; 900) (150; 900) (150; 1000)
levetiracetam | 4 | 1313+851 | 28 | 1545+900 | 32 | 15164884 | - -
(250; 2000) (500; 3500) (250; 3500)
topiramat 6 | 171+95 7 214448 13 194+74 3 233+153
(25; 300) (150; 300) (25; 300) (100; 400)
klonazepam 8| 15+1.3 4 0.9+0.8 12 1.3+1.2 8 1.2+0.5
(0.3; 4.0) (0.2; 2.0) (0.2; 4.0) (0.5; 2.0)
fenytoin 2 100+0 - - 2 100+0 53 286+135
(100; 100) (100; 100) (40; 1000)
zonisamid - - 2 525435 2 525435 - -
(500; 550) (500; 550)
primidon 1 500 - - 1 500 18 444220
(125; 750)
fenobarbital - - - - - - 8 123+144
(9.25; 400)
ethosuximid - - - - - - 2 750+354
(500; 1000)
diazepam - - - - - - 3 8.3+2.9
(5.0; 10.0)

*p <0.02: 2007-2016 versus 1991-2006
**p < 0.04: 2007-2016 versus 1991-2006
*p < 0.04: 2007-2011 versus 2012-2016
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Tabulka 14 Davka antiepileptik vztazena na télesnou hmotnost (mg/kg) a porovnani

s piedchozi studii (52, 56); N = pocet, hodnoty nebyly uvedeny ve vsech piipadech

antiepileptikum | N | 2007-2011 | N | 2012-2016 | N | 2007-2016 N | 1991-2006 (56)
mean+SD mean+SD mean+SD mean+SD
(rozmezi) (rozmezi) (rozmezi) (rozmezi)
lamotrigin |51 33+14 [43| 37+1.5 [94| 35%1.5 27 2.7+1.5
(1.1; 6.8) 0.4;7.1) 0.4;7.1) (0.4;6.2)
kyselina 34| 10.3+54 10 12.4+6.5 44| 10.8+5.7 31 10.3+4.7
valproova (1.7; 23.1) (3.0; 25.6) (1.7; 25.6) (2.5; 21.3)
karbamazepin 21| 7.5+24 [14| 88+25 [35]| 8.0+25 90 7.043.37
(2.2;11.3) (5.7; 14.0) (2.2; 14.0) (1.6; 15.1)
levetiracetam | 3 17.8+12.4 |26| 19.6:£122 29| 19.4+12.0 - -
(3.7; 26.7) (6.0; 46.2) (3.7; 46.2)
topiramat 6 2.6t£1.4 7 2.7£0.7 13 2.6+1.0 2 2.8£2.4
0.4;4.2) (1.6; 3.9) (0.4;4.2) (1.1; 4.4)
klonazepam 7 | 0.023+0.024 | 3 | 0.009+0.010 | 10| 0.019+0.021 5 0.012+0.005
(0.004; 0.070) (0.002; 0.020) (0.002; 0.070) (0.006; 0.017)
fenytoin 2 1.5+0.2 - - 2 1.5+0.2 48 4.0+1.8
(1.3; 1.6) (1.3; 1.6) (0.5; 11.8)
zonisamid - - 2 7.0+0.4 2 7.0£0.4 - -
(6.7; 7.2) (6.7; 7.2)
primidon 1 6.3 - - 1 6.3 18 6.2+3.1
(1.5;12.3)
fenobarbital - - - - - - 8 1.6£1.9
(0.1;5.3)
ethosuximid - - - - - - 2 8.0+£2.9
(6.0; 10.1)
diazepam - - - - - - 3 0.11+0.02
(0.08; 0.13)

*p < 0.02: 2007-2016 versus 1991-2006
“p = 0.0563: 2007-2016 versus 1991-2006

29




Graf 3 Vyvoj trendii v pouzivani antiepileptik v obdobi 1991 - 2016 s vyjimkou

diazepamu, ethosuximidu a zonisamidu, jejichz pouziti bylo < 5% (52, 56)
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4.3 Koncentrace lamotriginu v matei'ském a pupecnikovém séru pri porodu

V publikaci ,, Serum levels of lamotrigine during delivery in mothers and their infants *
(57) jsme prezentovali koncentrace LTG pii uzivani v monoterapii v rozmezi 0.3-5.2 mg/I
v matetském a mezi 0.1-4.5 mg/l v pupe¢nikovém séru, pomér koncentraci dosahoval
hodnot 0.40-1.38 (median 0.91, tabulka 15). Kombinace s VPA signifikantn¢ zvySovala jak
matefské, tak pupecnikové koncentrace LTG, vyznamny rozdil v jejich vzajemném poméru
vSak nebyl pozorovan. Uzivani VPA dale signifikantné snizovalo clearance LTG 0 65%.
Soubézné podavani CBZ zvysovalo clearance LTG pouze nevyznamné¢, avsak davka LTG
zde byla vyznamné vyssi (tabulka 15). Nyni byla dodate¢né provedena dal$i analyza
puvodnich dat. Nalezli jsme vysoce signifikantni korelaci mezi pupeénikovou a matetskou
sérovou koncentraci LTG v souhrnu mono- i polyperapii (p < 0.0001; graf 4), avsak Siroky
rozptyl pomé&ru pupeénikové/mateiské koncentrace naznacil jeho mozné rozdé€leni do tii
podskupin: <0.6, 0.6-1.2 a>1.2 (graf 5). V 29% matefskych koncentraci bylo dosazeno
referen¢ni rozmezi a 71% koncentraci bylo nizsich. V pupecnikovém séru bylo stanoveno
27% koncentraci v rozmezi pro obecnou populaci a 73% nizsich. Mezi porodni hmotnosti,
resp. porodni délkou a denni davkou LTG, davkou vztazenou na kilogram télesné
hmotnosti a matefskou nebo pupecnikovou koncentraci LTG nebyla prokazana

signifikantné vyznamna zavislost.
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Tabulka 15 Pomér pupe¢nikové/mateiské koncentrace lamotriginu (LTG) a matetska

clearance LTG: monoterapie versus kombinace s karbamazepinem (CBZ) nebo kyselinou

valproovou (VPA); hodnoty nebyly uvedeny ve v§ech piipadech (57)

LTG hmotnost |davka/den| davka/kg | sérum matky | pupecnik | pupeénik/ |clearance
monoterapie: (kg) (mg/den) | (mg/kg) (mg/l) (mg/l)  |sérum matky| (l/kg)
pocet 49 49 49 49 45 45 49
median 78 200 2.5 1.7 1.3 0.91 1.45
mean 78 207 2.7 1.9 1.7 0.89 1.84
SD 15 102 1.3 1.1 1.1 0.20 1.19
min 43 50 0.7 0.3 0.1 0.40 0.58
max 113 500 6.7 5.2 4.5 1.38 5.63
LTG+CBZ:
pocet 5 5 5 5 4 4 5
median 80 4007 4.7" 2.1% 2.3 1.30 2.38
mean 73 320 4.3 2.3 2.4 1.45 2.48
SD 15 115 1.0 1.3 1.2 0.78 1.48
min 53 150 2.5 0.5 1.2 0.79 1.26
max 88 400 5.0 3.6 3.7 2.40 4.92
LTG+VPA:
pocet 7 7 7 7 6 6 7
median 68 200 3.1 6.0** 5.7* 1.02 0.50**
mean 70 221 3.2 7.0 7.0 0.92 0.47
SD 9 91 1.4 2.9 4.3 0.26 0.13
min 61 100 1.1 3.9 1.7 0.44 0.28
max 90 400 5.7 12.3 13.6 1.11 0.60

**n <0.0001; * p <0.001: monoterapie LTG versus LTG + VPA
p < 0.05: monoterapie LTG versus LTG + CBZ
1 p<0.003; " p<0.05: LTG + VPA versus LTG + CBZ
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Graf 4 Korelace mezi matefskou a pupec¢nikovou koncentraci lamotriginu;

korela¢ni koeficient = 0. 9258, p < 0.0001

16 y =1,0412x - 0,2666
R?=0,9382

= 14 ?
Eﬂ <o
jg 12
210 o
3
g
Z 8 /
<
>
S 6
§ 4 %
a
2. © O

2 - s

O N T T T T T T

0 2 4 6 8 10 12 14
matefskd koncentrace (mg/l)

Graf 5 Distribuce poméru pupec¢nikové/matetské koncentrace lamotriginu
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4.4 Koncentrace kyseliny valproové v materském a pupecnikovém séru pri porodu

V publikaci ,,Serum levels of valproic acid during delivery in mothers and in umbilical
cord - correlation with birth length and weight “ (58) nebyl pozorovan statisticky
vyznamny rozdil jak u matetskych koncentraci tak u poméru pupecnikové/matetskeé
koncentrace VPA mezi ttemi sledovanymi skupinami (VPA monoterapie, VPA + LTG a
VPA + enzym-indukujici AEP). Koncentrace VPA byly stanoveny v rozmezi 5.3 - 59.5
mg/l v matetském a 5.4 - 72.1 mg/l v pupeénikovém séru, pomér pupecnikové a mateiské
koncentrace se pohyboval v rozmezi 0.64 - 2.49 (graf 6). Vysoce signifikantni korelace
byla zjisténa mezi matetskou a pupecnikovou koncentraci VPA (p < 0.0001; graf 7).
Pomér pupecnikové/matetské koncentrace nepiimo zavisel na matetské koncentraci VPA
(p = 0.0002; graf 8). Kombinace s enzym-indukujicimi AEP (ne v§ak s LTG) signifikantné
zvySovala matef'skou clearance VPA piiblizné o 30% (p = 0.0311; tabulka 16). Pouze 9%
matefskych koncentraci dosahovalo referen¢ni rozmezi pro obecnou populaci 50.0 - 100.0
mg/l (10) a 91% bylo nizsich. Statisticky signifikantni neptima korelace byla prokazana
mezi porodni délkou a matetskou i pupe¢nikovou koncentraci VPA at’ uz v monoterapii,
tak ve skupiné obsahujici souhrné mono- a polyterapii (graf 9; tabulka 17). Statisticky
vyznamna nepiima zavislost mezi porodni hmotnosti a matetskou i pupec¢nikovou
koncentraci VPA byla zdokumentovana pouze pii souhrném vyhodnoceni mono- a

polyterapie (tabulka 17).

Graf 6 Distribuce poméru pupeénikové/mateiské koncentrace kyseliny valproové (58)
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Tabulka 16 Pomér pupe¢nikové/mateiské koncentace kyseliny valproové (VPA) a

clearance VPA: v monoterapii, pfi kombinaci s lamotriginem (LTG) nebo pti kombinaci s

enzym-indukujicimi AEP; hodnoty nebyly uvedeny ve v§ech piipadech (58)

VPA hmotnost | davka | davka/kg |clearance | sérum matky | pupecnik | pupecnik/
monoterapie: (kg) (mg/den) | (mg/kg) (I/kg) (mg/l) (mg/l)  |sérum matky
pocet 34 35 33 33 36 33 33
median 77 750 10.0 0.36 25.7 37.5 1.41
mean 78 712 9.3 0.38 27.5 37.1 1.45
SD 11.6 314 4.5 0.17 15.3 18.7 0.37
min 60 150 1.8 0.15 5.3 5.4 0.64
max 98 1250 17.9 0.79 59.5 72.1 2.13
VPA+LTG:
pocet 6 7 6 6 7 6 6
median 68" 600 9.9 0.39 28.5 39.9 1.36
mean 68 764 11.6 0.49 26.1 36.8 1.54
SD 5.0 431 6.4 0.31 7.1 10.3 0.53
min 61 300 4.5 0.22 17.5 194 0.99
max 76 1500 19.7 1.03 33.9 47.9 2.49
VPA+enzym-
indukujici AEP:
pocet 14 13 13 13 15 14 14
median 72 1000 141 0.51 26.9 38.4 1.31
mean 74 1000** 13.4** 0.50* 28.9 38.9 1.46
SD 11.3 367 5.1 0.15 13.7 14.7 0.57
min 63 300 4.4 0.26 8.7 19.6 0.70
max 104 1500 21.1 0.74 52.6 62.6 2.48

**p < 0.01: VPA monoterapie versus VPA + enzym-indukujici AEP

*p =0.0311: VPA monoterapie versus VPA + enzym-indukujici AEP

" p < 0.04: VPA monoterapie versus VPA + LTG
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Tabulka 17 Korelace mezi porodni hmotnosti/délkou a matefskou nebo pupe¢nikovou

koncentraci kyseliny valproové; * = korela¢ni koeficient, ns = nesignifikantni (58)

materska
koncentrace

(monoterapie)

pupecénikova
koncentrace

(monoterapie)

materska
koncentrace

(mono + polyterapie)

pupecnikova
koncentrace

(mono + polyterapie)

porodni ns ns p =0.0081 p = 0.0447

hmotnost -0.3602* -0.2770*

porodni p =0.0032 p =0.0290 p =0.0016 p=0.0114
délka -0.5123* -0.3925* -0.4345* -0.3550*

Graf 7 Korelace matefské a pupe¢nikové koncentrace kyseliny valproové; p < 0.0001,
korela¢ni koeficient = 0.8124 (58)
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Graf 8 Vztah mezi pomérem pupec¢nikové/mateiské koncentrace a matefskou koncentraci

kyseliny valproové; p = 0.0002, korelacni koeficient = -0.4878 (58)
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Graf 9 Vztah mezi porodni délkou a pupecnikovou koncentraci kyseliny valproové

uzivané v monoterapii; p = 0.0290, korela¢ni koeficient = -0.3925 (58)
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4.5 Koncentrace CBZ a epoxidu v mateiském a pupe¢nikovém séru p¥i porodu

Ve skupiné publikované v ¢lanku ,, Concentrations of carbamazepine and
carbamazepine-10,11- epoxide in maternal and umbilical cord blood at birth: Influence of
co-administration of valproic acid or enzyme-inducing antiepileptic drugs“ (59) jsme
zdokumentovali vysoce signifikantni korelaci mezi pupe¢nikovou a matei'skou koncentraci
jak u CBZ (p < 0.0001; graf 10) tak epoxidu. Koncentrace CBZ byly stanoveny v rozmezi
0.6 - 11.8 mg/l v matetském a 0.1 - 10.5 mg/l v pupe¢nikovém séru; koncentrace aktivniho
metabolitu epoxidu mezi 0.1 - 2.5 mg/l v mateiském a 0.1 - 2.2 mg/l v pupe¢nikovém séru.
Pomér pupeénikové/mateiské koncentrace se pohyboval v rozmezi 0.17 - 2.00 (median
0.83) u epoxidu a mezi 0.03 - 2.23 (median 0.80) u CBZ, pfi¢emz zde byla patrna
distribuce do tii podskupin (< 0.5, 0.5 - 1.0 a > 1.0) u CBZ uzivaného v monoterapii
a/nebo kombinaci s ,,neutralnimi AEP (graf 11). Soub&ézné uzivani VPA vyznamné
zvySovalo koncentraci epoxidu v pupecnikovém séru, pomér pupecnikové a matetské
koncentrace epoxidu (o ptiblizn¢ 50%) a pomér koncentraci epoxid/CBZ jak v matefském
(asi 0 80%) tak v pupecnikovém séru (0 100%), viz tabulka 18. Distribuce poméru
pupecnikové a matefské koncentrace epoxidu a poméru koncentrace epoxid/CBZ v
pupecéniku pii CBZ monoterapii (a/nebo kombinaci s ,,neutralnimi AEP) oproti kombinaci
s VPA jsou demonstrovany Vv grafech 12 a 13. Krom¢ toho jsme také nasli vyznamné vyssi
hodnotu poméru koncentrace epoxid/CBZ v pupecnikovém nez v matefském séru pii
kombinaci s VPA (tabulka 18). Ko-medikace s enzym-indukujicimi AEP signifikantné
zvySovala matetskou clearance CBZ v priméru piiblizn€ o 50% a s VPA o témé&f 70%
(tabulka 19). Ptiblizn¢ polovina (48%) matetskych koncentraci CBZ se nachazela
v referencnim rozmezi, 49% koncentraci bylo niz§ich a 3% vysSich. V ptipadé
pupecnikovych koncentraci CBZ byla ttetina (31%) rovnéz stanovena v rozmezi uzivaném
pro obecnou epileptickou populaci a 1% koncentraci bylo jesté vysSich. Mezi porodni
hmotnosti (a délkou) a denni davkou CBZ, davkou vztazenou na kilogram télesné
hmotnosti a matetskou nebo pupecnikovou koncentraci CBZ ani epoxidu nebyla patrna

7adna signifikantné vyznamna zavislost.
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Tabulka 18 Pomér pupe¢nikové (P) a matefské (M) koncentrace karbamazepinu (CBZ) a

karbamazepin-10,11- epoxidu (CBZ-E), pomér koncentrace CBZ-E a CBZ v matetském a

pupeénikovém séru: monoterapie a/nebo kombinace s “neutralnimi” antiepileptiky

(lamotrigin, klonazepam a topiramat) X kombinace s enzym-indukujicimi antiepileptiky

(AEP) nebo kyselinou valprovou (VPA); hodnoty nebyly uvedeny ve vSech ptipadech (59)

Monoterapie + CBz-M | CBz-P | CBZ-P/IM |CBZ-EM | CBZ-EP CBZ-E CBZ-E/CBZ | CBZ-E/CBZ
“neutralni” AEP: (mg/l) | (mg/l) pomér (mg/l) (mg/l) | P/M pomér | pomér M pomér P
pocet 85 75 75 72 64 64 72 64
median 4.5 3.2 0.78 0.6 0.5 0.79 0.17 0.16
mean 4.3 3.3 0.81 0.8 0.6 0.80 0.19 0.18
SD 1.8 1.5 0.27 0.5 0.4 0.32 0.10 0.11
min 0.6 0.6 0.22 0.1 0.1 0.17 0.04 0.03
max 101 6.7 2.23 25 2.2 1.67 0.51 0.48
CBZ+induktory:
pocet 18 16 16 3" 3" 3" 3" 3"
median 3.4 3.3 0.92 0.6 11 1.50 0.16 0.30
mean 3.8 3.6 0.90 0.6 0.9 1.50 0.19 0.31
SD 25 2.7 0.45 0.5 0.5 0.50 0.06 0.04
min 1.3 0.1 0.03 0.2 0.3 1.00 0.15 0.27
max 11.8 10.5 1.90 11 1.2 2.00 0.26 0.35
CBZ+VPA:
pocet 10 9 9 8 7 7 8 7
median 3.3 3.0 0.82 11 09”7 1177 0.317 0.32%°
mean 2.9 2.7 0.88 1.0 1.2 1.20 0.35 0.45
SD 1.0 1.0 0.25 0.3 0.6 0.32 0.17 0.24
min 14 0.8 0.57 0.6 0.7 0.80 0.16 0.23
max 4.2 3.8 1.39 1.3 2.2 1.69 0.65 0.79

“p < 0.02: CBZ monoterapie + "neutralni” AEP versus CBZ + VPA
“p < 0.005: CBZ monoterapie + “neutralni” AEP versus CBZ + VPA
*p = 0.0005: CBZ monoterapie + “neutralni” AEP versus CBZ + VPA
°p = 0.0422: pomér CBZ-E/CBZ (matka) versus CBZ-E/CBZ (pupecnik) pii CBZ+VPA

“statisticka analyza nebyla provedena z diivodu malého poétu vzorkt (1x primidon

zvysujici koncentraci CBZ-E a 2x fenytoin neovliviujici koncentraci CBZ-E)
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Tabulka 19 Davkovani a matetska clearance karbamazepinu (CBZ) v monoterapii a/nebo
pfi kombinaci s “neutrdlnimi” antiepileptiky (lamotrigin, klonazepam a topiramat) versus
kombinace s enzym-indukujicimi antiepileptiky (AEP) nebo kyselinou valproovou (VPA);

hodnoty nebyly uvedeny ve vSech piipadech (59)

CBZ monoterapie+ | hmotnost davka davka/hmotnost clearance
“neutralni” AEP: (kg) (mg/den) (mg/kg) (I'kg)
pocet 78 75 70 70
median 76 600 6.8 1.67
mean 75 511 6.7 1.82
SD 12 206 2.8 0.89
min 48 150 1.6 0.56
max 108 900 12.3 5.92
CBZ+induktory:
pocet 16 17 16 16
median 78 800" 75 2.577
mean 78 671 8.7 2.83
SD 13 254 3.6 1.26
min 60 200 3.3 1.16
max 96 1000 13.7 5.33
CBZ+VPA:
pocet 9 8 8 8
median 77 600 9.3 2.82°
mean 78 600 8.1 3.32
SD 12 212 2.8 1.70
min 63 300 3.6 1.63
max 104 900 10.8 6.30

“p < 0.02: CBZ monoterapie + “neutralni” AEP versus CBZ + induktory

“p < 0.001: CBZ monoterapie + “neutralni” AEP versus CBZ + induktory
*p < 0.002: CBZ monoterapie + “neutralni” AEP versus CBZ + VPA
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Graf 10 Korelace mateiské a pupecnikové koncentrace karbamazepinu; korela¢ni
koeficient = 0.83; p < 0.0001 (59)
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Graf 11 Distribuce poméru pupecnikové a matei'ské koncentrace karbamazepinu pii

uzivani v monoterapii a/nebo kombinaci s “neutralnimi” antiepileptiky (59)
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Graf 12 Distribuce poméru pupecnikové a mateiské koncentrace karbamazepin (CBZ)-
10,11- epoxidu pfi monoterapii a/nebo kombinaci s “neutralnimi” antiepileptiky oproti

kombinaci s kyselinou valproovou (VPA) (59)
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Graf 13 Distribuce poméru koncentrace karbamazepin-10,11- epoxidu a karbamazepinu
(CBZ) v pupecnikovém séru pii monoterapii a/nebo kombinaci s “neutralnimi”

antiepileptiky oproti kombinaci s kyselinou valproovou (VPA) (59)

“
N

R
N

OCBZ + neutral drugs
BEBCBZ + VPA

pomér koncentrace CBZ-10,11- epoxidu a
karbamazepinu v pupecnikovém séru

42




4.6 Koncentrace levetiracetamu v matei'ském a pupecnikovém séru pri porodu

Koncentrace LEV se pfi porodu nachazela v rozmezi 1.3 - 22.5 mg/l v matefském séru a

2.3 - 36.0 mg/l v pupeénikovém séru (tabulka 20), pficemz mezi témito koncentracemi

byla nalezena vysoce signifikantni korelace (p = 0.0004, graf 14). Pomé&r pupecnikové a

matefské koncentrace se pohyboval mezi 0.75 - 1.78 s prumérem 1.13 (tabulka 20),

sparované mateiské a pupecnikové koncentrace nebyly signifikantné odlisné (p = 0.5003).

73% matetskych koncentraci se nachazelo v referencnim rozmezi a 27% bylo nizsich.

Podobn¢ dosahovalo 82% pupecnikovych koncentraci referencni rozmezi uzivané pro

obecnou populaci a 18% bylo nizsich. LEV byl pfedepisovan v monoterapii u 45%
téhotnych Zen a 55% dostavalo kombinaci s LTG, VPA nebo TPM.

Tabulka 20 Davkovani levetiracetamu a pomér pupecnikové/matetské koncentrace

hmotnost | davka |davka/kg | sérum matky | pupecnik | pupecnik/
(kg) (mg/den) | (mg/kg) (mg/l) (mg/l) | serum matky

pocet 9 9 9 11 11 11
median 75 1500 16.1 10.6 8.5 1.04
mean 82 1250 15.6 12.0 13.1 1.13
SD 15 707 9.0 7.5 10.2 0.37
min 68 250 3.7 1.3 2.3 0.75
max 114 2000 27.4 22.5 36.0 1.78

Graf 14 Korelace mateiské a pupecnikové koncentrace; korelaéni koeficient = 0.8739; p = 0.0004
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5. Diskuze

5.1 Vyvoj terapie téhotnych epilepticek v ostravském regionu v letech 1991-2006

V ¢lanku ,, Development of a treatment of pregnant women with epilepsy in Ostrava
region between years 1991 and 2006 (56) jsme prokazali v obdobi let 1991-2006
signifikantni posun od preskripce AEP v polyterapii k monoterapii, coz bylo ve shodé
s doporucenimi ,,The American Academy of Neurology*, ,,The American College of
Obstetricians and Gynecologists®, a ,,The International League Against Epilepsy* pro
1é¢bu téhotnych Zen s epilepsii stejné jako pro farmakoterapii epilepsie v obecné populaci
(60, 61). Data z nasi studie z 3. sledovaného obdobi (2001-2006) byla srovnatelna
s vysledky ,,The International Antiepileptic Drugs and Pregnancy Registry - EURAP* (51),
avsak podil monoterapie byl nizsi nez ve skupiné¢ §védskych pacientek uzivajich AEP
v letech 1995-1997 (62), viz tabulka 21. Nejcastéji uzivanym AEP ve vSech tiech
srovnavanych souborech byl CBZ, nasledovany LTG a VPA ve skupin¢ EURAP i v nami
prezentovaném souboru (51, 56, 62; tabulka 22). Ve skupiné §védskych pacientek byly po
CBZ nejvice predepisovanymi VPA a PHT, zfejm¢ z diivodu provedeni analyzy o témé&f 10
let diive (62). Koncentrace AEP v prib¢hu téhotenstvi byly uvedeny pouze v letech 1985-
1995 v praci Wide et al. (63), pficemz podobné pramérné koncentrace CBZ a PHT byly
patrné béhem 1. sledovaného obdobi také v naSem souboru. Krom¢ téchto dvou AEP jsme
vsak prezentovali vysledky TDM i u fady dalsich AEP. Vétsina analyzovanych koncentraci
se pohybovala pod referenénim rozmezim uzivanym pro obecnou populaci, a to ziejmé jak
z diivodu gestacnich zmén farmakokinetiky na vSech tirovnich (absorpce, distribuce,
metabolismus a eliminace), tak non-compliance t€hotnych epilepticek (64). Pokles
koncentraci AEP béhem tehotenstvi tak mohl vyustit v selhani monoterapie nasledované

ptidanim dalsiho AEP namisto navySeni davky AEP uzivaného v monoterapii (61).

Tabulka 21 Porovnani pouzivani monoterapie antiepileptiky (AEP) s literarnimi tdaji (51, 56, 62)

Wide et al. (62) EURAP (51) Kacirova et al. (56)
(1995-1997) (1999-2008) (2001-2006)
1 AEP 89% 80% 76%
2 AEP 11% (> 2 AEP) 17% 22%
>3 AEP 3% 2%
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Tabulka 22 Porovnani nejcastéji uzivanych antiepileptik (AEP) s literarnimi udaji (51, 56, 62)

Wide et al. (62) EURAP (51) Kacirova et al. (56)
(1995-1997) (1999-2008) (2001-2006)
CBZ (63%) CBZ (33%) CBZ (35%)
VPA (17%) LTG (25%) LTG (24%)
PHT (12%) VPA (23%) VPA (21%)

5.2 Rozbor vyvoje uzivani AEP u téhotnych epilepti¢ek v Moravsko-slezském kraji

Ve skupiné t€hotnych epilepti¢ek analyzovanych v €lanku ,, Trend analysis of the
utilization of antiepileptic drugs in pregnant women with epilepsy in Moravian-Silesian
region of the Czech Republic” (52) byly nejcastéji predepisovanymi antiepileptiky LTG,
VPA a CBZ v letech 2007-2011 a LTG, LEV a CBZ v obdobi 2012-2016, zatimco na
zacCatku naseho celého 25- letého sledovani byly nejvice uzivanymi PHT, CBZ a PRM
(56). Tento vysledek ukazuje dobrou shodu s mezinarodnimi doporu¢enimi pro 1écbu
epilepsie béhem téhotenstvi (47). Monoterapie AEP vsak byla béhem 2. sledovaného
obdobi (2012-2016) pouzita pouze u 68% té¢hotnych epilepticek, coz bylo signifikantné
mén¢ vV porovnani s 1. periodou (2007-2011). V 90% ze vSech kombinaci ptedepsanych
béhem 2. obdobi (2012-2016) byl obsazen LEV, LTG nebo tato obé AEP. V hodnoceném
souboru z let 2007-2016 byly pouzity signifikantné vyssi davky LTG a CBZ ve srovnani
s predchozi skupinou z obdobi 1991-2006 (56), naproti tomu nebyl prokazan rozdil
v davkovani VPA. Zde byla piedepisovana primérna denni davka 774 + 393 mg/den
v letech 2007-2016 oproti 767 + 337 mg/den béhem 1991-2006 (56), coz je ve shodé
(47). Fyziologické zmény, ke kterym dochazi v prubéhu t€hotenstvi, méni farmakokinetiku
AEP, coz miize vést ke snizeni hladin AEP a zhor$eni kompenzace epilepsie (47, 66-68).
Nejvyraznéjsi pokles sérovych koncentraci byl prokazan u AEP eliminovanych
glukuronizaci (zejména LTG) nebo vylu¢ovanych renaln¢, jako je zejména LEV (57-59).
Terapeutické monitorovani hladin AEP je proto velice uzite¢né v prevenci zhorSeni

zachvati u Zen epilepti¢ek béhem téhotenstvi (45, 47).
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5.3 Koncentrace lamotriginu v matefském a pupecnikovém séru pii porodu

V publikaci ,, Serum levels of lamotrigine during delivery in mothers and their infants *
(57) jsme prokazali signifikantni korelaci mezi matei'skou a pupeénikovou koncentraci
LTG jak pii uzivani monoterapie tak v kombinaci s VPA, pfi¢emz nyni pfi nové analyze
puvodnich dat byla potvrzena signifikantni korelace téchto koncentraci také v souhrnu
mono- a polyperapii. Median poméru pupecnikové/mateiské koncentrace dosahoval
hodnot blizko 1.0 a nelisil se v zavislosti na kombinaci s dalsimi AEP, coz dokazuje volny
transplacentarni piestup LTG bez vlivu 1ékovych interakci. Pfi monoterapii se vSak tento
pomér pohyboval v rozmezi 0.40-1.38 (rozdil 245%) a v celém souboru mezi 0.40-2.40
(rozdil 500%) s moznym rozdélenim do tii podskupin: <0.6, 0.6-1.2 a >1.2. Jelikoz se
metabolizujici enzym LTG uridin 5°-difosfat glukuronosyltransferaza (UGT) v jatrech
plodu témét nevyskytuje (69-71), zda se byt rozhodujicim faktorem interindividualni
variability poméru pupec¢nikové/matetské koncentrace samotna transplacentarni pasaz
LTG, kde UGT ziejmée hraje roli v metabolické aktivité placenty (70, 71). Vzhledem k jiz
diive uvadéné interindividualni variabilité v expresi a aktivit¢ UGT systému lidské
placenty (70) se jevi geneticky polymorfismus isoenzymu UGT2B7 pravdépodobnym
vysvétlenim interindividualni variability poméru pupeénikové/mateiské koncentrace LTG,
pii¢emz tato variabilita placentarnich UGT muiZe byt vyznamnym faktorem teratogenniho
uéinku LTG. Zdokumentovali jsme, ze kombinace s VPA signifikantn¢ zvysuje jak
matetskou tak pupecnikovou koncentraci LTG, zatimco rozdil v jejich poméru nebyl
patrny. Signifikantni pokles matetské clearance LTG (0 65%) nebyl zavisly na koncentraci
VPA a byl ziejmy i pfi uziti nejmensi davky VPA (300 mg/den) a koncentraci 17.5 mg/I,
zatimco Gidal et al. (72) popsali maximalni inhibici clearance LTG u dospélych pacientli
pii koncentracich v obecné uzivaném referen¢nim rozmezi VPA (10). Kromé toho jsme
potvrdili myslenku autort Ohman et al. (73), Ze metabolismus LTG je jiz pIné indukovan
soub&znym uzivanim enzym-indukujiciho AEP (napt. CBZ), a t¢hotenstvi ma pak jen maly
aditivni efekt na clearance LTG. Dusledkem je obdobna clearance béhem téhotenstvi jak
v monoterapii tak v kombinaci s enzym-indukujicimi AEP. Neptiznivy vliv AEP véetné
LTG na intrauterinni rist plodu byl jiz prokazan (74), avsak v nami analyzované skupiné
nebyla korelace mezi porodni hmotnosti/délkou a denni davkou, davkou/kg a mateiskou
nebo pupeénikovou koncentraci LTG prokazana. Pocet pacientek uzivajicich monoterapii
LTG byl v nasi studii vétsi nez ve vSech piedchozich pracich dohromady, tedy 45
téhotnych zen v tomto souboru z jednoho centra s vyuzitim jednotné metodologie vici

ptiblizné celkem 18 pacientkam v 6 dfive provedenych samostatnych studiich (73, 75-78).
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5.4 Koncentrace kyseliny valproové v matefském a pupeénikovém séru pri porodu

V praci ,,Serum levels of valproic acid during delivery in mothers and in umbilical cord
— correlation with birth length and weight *“ (58) byla zdokumentovana signifikantni
korelace mezi matefskou a pupe¢nikovou koncentraci VPA jak v mono- tak polyterapii.
Matefské i pupecnikové koncentrace dosahovaly obdobné hodnoty jako v dfive
publikovanych studiich stejn¢ jako Siroké rozmezi poméru pupecnikové/mateiské
koncentrace (79-89). Nenalezli jsme signifikantni rozdil tohoto poméru mezi dvémi
podskupinami (monoterapie X kombinace s enzym-indukujicimi AEP), coZ naznacuje, ze
transplacentarni ptenos VPA neni ovlivnén témito AEP jak na urovni UGT2B7, tak
placentarnich transportérti pro VPA. Lze proto piedpokladat, ze geneticky polymorfismus
placentdrnich UGT2B7 a placentarnich transportéri je pfic¢inou interindividualni variability
poméru pupecnikové/mateiské koncentrace. Nepiima zavislost tohoto poméru na mateiské
koncentraci VPA podporuje jiz diive publikovanou myslenku saturability placentarniho
transportniho systému Nakamurou et al. (90), coz by vysvétlilo vyssi hodnoty poméru
pupecnikové/matetské koncentrace u matek dosahujicich nizs§i koncentraci VPA. Nalezli
jsme také neptimou korelaci mezi porodni délkou a matei'skou i pupe¢nikovou koncentraci
VPA jak v monoterapii, tak ve skupiné obsahujici souhrné mono- a polyterapii. Autofi
Kaneko et al. (91) jiz diive publikovali vysledky prospektivni mezinarodni analyzy tykajici
se zavaznych kongenitalnich malformaci u novorozenci exponovanych AEP in utero. Bylo
zjisténo, Ze v pribehu 1. trimestru byla primérna koncentrace VPA u matek, které porodily
dité s malformaci signifikantn¢ vyssi (77.8 + 19.99 mg/l; N = 8), nez u matek porodivsich
zdravé dité (46.86 + 21.22 mg/l; N =51, p=0.023). Autofi proto navrhli, Ze by maximalni
davka VPA neméla piesahnout 1g za den (a/nebo koncentrace 70 mg/l) s cilem
minimalizace rizika vzniku malformaci (91). V této praci jsou v§ak uvadény pouze
koncentrace vybranych AEP stanovenych jen jednou v prubéhu 1. trimestru, a nejsou
popsany presné udaje tykajici se odbéru vzorkl a pouzitych analytickych metod. Nase
zjisténi, prestoze nepochazeji z kontrolované studie, nasvéd¢uji o tom, ze K ristové
retardaci muze dojit i pii matetské koncentraci < 70 mg/1. Signifikantni korelace mezi
matefskou a pupecnikovou koncentraci podporuje vyuziti TDM béhem tehotenstvi
k minimalizaci vlivu VPA na plod. To muze byt vyznamné pravé u VPA, jejiz expozice
zvysuje frekvenci kongenitalnich malformaci vice nez u jinych AEP (92). Minimaln¢ jedna
prospektivni observacéni studie ukdzala, ze vyssi dadvky VPA mohou signifikantné zvySovat
riziko zavaznych malformaci (60). ,,The Australian Pregnancy Registry*, ,,The Finnish
Birth Registry®, ,,The UK Behavioral Study* a ,,The Finnish Behavioral Study* tento zavér
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podpoiily a také prokazaly, ze ¢inky u zen, které uzivaly VPA béhem téhotenstvi, byly
zavislé na jeji davce (60). Podatilo se jiz také zdokumentovat, ze koncentrace VPA pii
porodu koreluje se stupném neonatalni hyperexcitability a neurologickou dysfunkci

Vv pozdéjsim obdobi (89). Nase prace piedstavuje prvni dikaz o vztahu mezi matetskou i
pupecnikovou koncentraci VPA a porodni délkou i hmotnosti. I pfes nizké koncentrace
VPA byl patrny vliv soubézné€ uzivanych enzym-indukujicich AEP na matef'skou clearance
v dobé porodu. Denni davka VPA nebo davka/kg t€lesné hmotnosti by mohla byt vyssi

k dosaZeni podobné koncentrace jako u Zen s monoterapii. Postaveni v indikaci VPA

k 1écbe divek a zen ve fertilnim véku se vSak v roce 2015 dramaticky zménilo po varovani
z ,,The Coordination Group for Mutual Recognition and Decentralised Procedures-Human
of the European Medicines Agency®, které upozornilo na riziko malformaci a vyvojovych
problému u déti vystavenych ptisobeni VPA in utero a na pravdépodobnou nutnost snizeni

uzivani VPA v této skuping (93).

5.5 Koncentrace CBZ a epoxidu v mateiském a pupeénikovém séru p¥i porodu

V praci ,, Concentrations of carbamazepine and carbamazepine-10,11- epoxide in
maternal and umbilical cord blood at birth: Influence of co-administration of valproic acid
or enzyme-inducing antiepileptic drugs ** (59) byla prokazana signifikantni korelace mezi
matefskou a pupecnikovou koncentraci CBZ i jeho aktivniho metabolitu CBZ-10,11-
epoxidu. Naproti tomu bylo pozorovano §iroké rozpéti poméru pupecnikové/mateiské
koncentrace u CBZ i epoxidu, podobné jako v 1. trimestru u poméru koncentraci plodové
vody a matetského séra v praci Omtzigt et al. (94). Pomér pupecnikové/matetské
koncentrace CBZ v monoterapii (nebo kombinaci s “neutralnimi* AEP) naznacil moznou
distribuci do tii podskupin (< 0.5, 0.5 - 1.0 a > 1.0), pfi¢emz hodnoty < 1.0 signalizuji
expozici mensi u plodu neZ u matky ve srovnani s pomérem > 1.0, ukazujicim riziko
kumulace a tedy vyssi expozice u plodu CBZ a/nebo epoxidu. Jiz bylo prokazano, zZe
bunky placeny obsahuji mnoho specifickych transportéri a metabolizujicich enzymt (95,
96). CBZ a dalsi AEP jsou substraty 1¢kovych effluxovych transportérii (napf-., P-
glykoprotein), a néktefi z védct predpokladaji, ze fetalni expozice mize byt ovlivnéna
1éky-transportujicimi proteiny v placenté (97). Na druhé strané se vSak jini autofi
nedomnivaji, ze by 1ékové effluxni transportéry mély vyznamnéjsi efekt na placentarni

transport 1é¢iv. Vyzkum placentarni perfuze vSak prokazal, ze vétSina AEP (véetné CBZ),
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a to bez ohledu na jejich afinitu k P-glykoproteinu, prestupuje placentou ve zna¢ném
mnozstvi (98, 99). Pienimaki et al. (100) nedetekovali v perfundované lidské placenté
zadnou metabolickou aktivitu, ¢imz se tedy stava ucast placenty na metabolizaci CBZ in
Vvivo nepravdépodobna. Oproti tomu bylo zjisténo, Ze¢ je CBZ na epoxid metabolizovan v
lidskych fetalnich jatrech (101, 102). Wrighton et al. (94) identifikovali cytochrom P450
(CYP) 3A7 jako ¢lena CYP3A podrodiny, ktery se objevuje pouze v jatrech plodu, a
nasledujici studie (104, 105) prokazaly rozdilnou expresi tohoto enzymu v jednotlivych
plodech, s naslednou pfeménou na CYP3A4/3A5 dospélych. Velka interindividualni
variabilita ve vyjadieni CYP3A a katalytické aktivité¢ mohou byt pfisuzovany genetickym
faktorim (106-108). Proto tedy mutize byt Siroka distribuce poméru pupec¢nikové/matetské
koncentrace CBZ v monoterapii (a/nebo kombinaci s “neutralnimi” AEP) vysvétlena
genetickou variabilitou CYP3A béhem fetalniho vyvoje. Mechanismus teratogenniho
pusobeni CBZ zustava z velké ¢asti neznamy (109). Bylo opakované navrhovano, ze
potencialnim zprostifedkovatelem teratogenniho ptisobeni muze byt CBZ-10,11- epoxid
(94, 110-114). Nekteti autofi predpokladali, ze kombinace s jak enzymovymi induktory pfi
tvorbé epoxidu (PB, PRM) tak s enzymovymi inhibitory pii eliminaci epoxidu (VPA)
muze zvysovat fetalni expozici tomuto toxickému metabolitu, potencujiciho teratogenni
efekt CBZ (110, 113, 115, 116). Bylo vsak zjisténo, Ze riziko malformaci u novorozenct
exponovanych CBZ v polyterapii béhem 1. trimestru je vy$$i nez u monoterapii pouze
tehdy, pokud je soucasti kombinace VPA (117). V nasi praci jsme prokazali, ze piidani
VPA zvysuje koncentraci epoxidu v pupecniku, pomér pupe¢nikové/mateiské koncentrace
epoxidu a pomér koncentraci epoxid/CBZ jak v matetském tak zejména pupecnikovém
séru. V kombinaci s VPA byly patrné vyssi hodnoty poméru koncentraci epoxid/CBZ

V pupecnikovém nez matefském séru a posun poméru pupe¢nikové/mateiské koncentrace
epoxidu i poméru pupe¢nikové koncentrace epoxid/CBZ k vys$§im hodnotam (“doprava®).
Tento vysledek je srovnatelny se studii autort Omtzigt et al. (94) v plodové vodé a
matefském séru pii expozici CBZ v prubéu 1. trimestru. Lze tedy predpokladat, ze
potencidlni teratogenni efekt CBZ v kombinaci s VPA by mohl byt spojen s vyssi fetalni
expozici CBZ-10,11- epoxidu z diivodu inhibice epoxid-hydrolazy ve fetdlnich jatrech.
Statistickd analyza t€chto pomért vSak Vv nasi studii nebyla provedena v podskuping
pacientek uzivajicich enzym-indukujicich AEP z diivodu malého poctu stanovenych
koncentraci epoxidu. Matetska clearance CBZ pii monoterapii (a/nebo kombinaci s
“neutralnimi* AEP) byla srovnatelna s diive publikovanymi tidaji (118). Nase prace je

vS$ak, jak je ndm znamo, prvni studii, ktera specifikovala vliv soubézného uzivani enzym-
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indukujicich AEP nebo VPA na clearance CBZ v dob¢ porodu. V obecné epileptické
populaci fenobarbital, fenytoin a primidon zvySuji metabolismus CBZ indukci CYP3A4
(19, 119), vliv VPA je uvadén protichiidné: zvyseni, snizeni nebo beze zmény (120-129).
V nasi praci jsme pozorovali, ze souc¢asné uzivani enzym-indukujicich AEP signifikantné
zvysilo matetskou clearance CBZ v praméru piiblizné o 50% a kombinace s VPA asi o
70%. Vysledky registru EURAP prokézaly, ze pfi monoterapii je riziko zdvaznych

podil malformaci byl pozorovan pii davce < 400 mg/den v dobé koncepce (48). Autofi
“The UK and Ireland register” publikovali rovnéz, Ze je i€inek CBZ zavisly na davce a
podil MCM byl v nejnizsi davkové kategorii do 500 mg/den 1.9% (130). Spojitost nizsich
verbalnich schopnosti s davkou AEP byla patrna i v praci Meadora et al. (131). Vzhledem
k retrospektivnimu charakteru nasi studie jsme nebyli schopni analyzovat vztah mezi
rizikem MCM a davkou (resp. koncentraci) CBZ a/nebo CBZ-10,11- epoxidu. Jelikoz jako
zdroj dat byly pouzity zadanky pro rutinni TDM, zaznamenany byly pouze porodni délka a
hmotnost. Jiz bylo publikovano, Ze expozice CBZ muze znamenat riziko fetalni ristové
restrikce a negativni ovlivnéni télesnych rozmeéru (62, 132, 133). V nasi praci se vSak
souvislost mezi porodni hmotnosti/délkou a denni davkou, davkou/kg a matefskou ani
pupecnikovou koncentraci CBZ nepodafilo prokazat, na rozdil od vysledki u téhotnych
zen uzivajicich VPA (58). NasSe studie ma n¢kolik omezeni. Byly méteny pouze celkové
koncentrace CBZ a epoxidu, nicméné, dle prace Johnsona et al. (55), minimalni zmény
celkové a volné clearance CBZ a epoxidu béhem téhotenstvi nevyZaduji méfeni volnych
frakci. Maly pocet pacientek uzivajicich soubézné enzym-indukujici AEP neumoziil
vyhodnotit jejich vliv na pupecnikovou koncentraci epoxidu. Nemohli jsme sledovat vztah
mezi zménami koncentraci CBZ a epoxidu a klinickymi u¢inky, s vyjimkou porodni
hmotnosti a délky. Neméli jsme moZnost porovnat koncentrace CBZ a kontrolu epilepsie v
prubéhu téhotenstvi. I pfesto mohou mit idaje zjisténé v této praci urcity vyznam pro 1écbu
epilepsie béhem téhotenstvi a piispivat ke znalostem o fetalni expozici CBZ a jeho
aktivnimu metabolitu. Mizeme souhlasit s Tomsonem et al. (134), Ze mateiska
koncentrace AEP pravdépodobné ukazuje expozici plodu 1é¢ivu Iépe nez davka uzivana
matkou a proto bude diileZité zahrnut monitorovani hladin 1é¢iv v pribehu téhotenstvi do
ptistich studii. Krom¢ toho podporujeme také doporuceni autor Pennell et al. (45), ze
analytické modely by m¢ly brat v Givahu nejen typ a davku, ale také koncentraci AEP u

matky 1 novorozence pii porodu jako pfesnéjsi marker fetalni expozice.
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5.6 Koncentrace levetiracetamu v matefském a pupecnikovém séru pii porodu

Vzhledem k malému poctu subjekti nelze ze zpracovaného souboru €init jednoznac¢né
zavery. Pouzivani LEV v prabéhu téhotenstvi vSak béhem posledniho desetileti
celosvetove stouplo (51, 52), a na druhou stranu, informace tykajici se jeho
transplacentarniho prenosu jsou dosud velice omezené (135-141). Doufame proto, ze i tyto
pilotni udaje pomohou k lepsimu porozumeéni chovani LEV v dobé porodu. Demonstrovali
jsme vysoce signifikantni korelaci mezi koncentracemi levetiracetamu v mateiském a v
pupecnikovém séru. Pomér pupecnikové a materské koncentrace se pohyboval mezi 0.75 -
1.78 s primérem 1.13, sparované matetské a pupecnikové koncentrace nebyly
signifikantn¢ odlisné. Potvrdili jsme tak diive predpokladanou volnou transplancentarni
pasaz LEV. Monoterapie byla pouzita U necelé poloviny sledovaného souboru téhotnych
zen (55% dostavalo kombinaci s dal§imi AEP), pti¢emz 2/3 matetskych koncentraci se
nachazely v referen¢nim rozmezi a 1/3 byla nizsich. Vyuziti TDM v prub&hu t€hotenstvi

ma tedy 1 v pfipad¢ levetiracetamu své opodstatnéni.
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Zavéry

Vyvoj terapie téhotnych epilepticek v ostravském regionu v letech 1991-2006

Prace s nazvem ,, Development of a treatment of pregnant women with epilepsy in
Ostrava region between years 1991 and 2006 (56) dokumentovala signifikantni posun
v preskripci entiepileptik u t€hotnych Zen s epilepsii od polyterapie k monoterapii a od
prvo- a druho- generac¢nich antiepileptik (fenytoin, karbamazepin a primidon)
k antiepileptikiim 2. a 3. generace (karbamazepin, lamotrigin a kyselina valproova), a to
Vv obdobi let 1991-2006. Tyto udaje byly v souladu s daty z nejvétsiho evropského registru
EURAP (51), avsak pii srovnani s vysledky autortt Wide et al (62) bylo u nas uzivani
monoterapie méné &asté nez ve Svédsku, které mélo v té dobé excelentni piistup
Kk prenatalni péci. Pfesto vSak vysledky patrné ve 3. sledovaném obdobi svédCily o
spravném vyvoji farmakoterapie u téhotnych Zen s epilepsii v ostravkém regionu Ceské

republiky.

Rozbor vyveje uzivani AEP u téhotnych epilepti¢ek v Moravsko-slezském kraji

Vysledky publikované v ¢lanku ,, Trend analysis of the utilization of antiepileptic drugs
in pregnant women with epilepsy in Moravian-Silesian region of the Czech Republic” (52)
ukazaly dlouhodobé trendy ve farmakoterapii AEP v te¢hotenstvi v prib&hu 25- letého
sledovani. Nejdiive doslo k posunu od fenytoinu, karbamazepinu a primidonu ke
karbamazepinu, lamotriginu a kyseliné valproové (obdobi 1991-2006) a nasledné od
lamotriginu, kyseliny valproové a karbamazepinu k lamotriginu, levetiracetamu a
karbamazepinu (obdobi 2007-2016). Predpis kyseliny valproové jako AEP s prokazanym
nejvyssim teratogennim rizikem byl v obdobi let 2007-2016 sniZen se sou¢asnym nardstem
pouzivani novych AEP (nejvice lamotrigin a levetiracetam), coz je ve shod¢ se soucasnymi
svétovymi doporucenimi, soucasné vsak doslo k poklesu preskripce monoterapie. TDM
AEP béhem téhotenstvi miZze napomahat k optimalizaci farmakoterapie epilepsie v tomto
obdobi nestabilni farmakokinetiky. Zejména u lamotriginu a levetiracetamu, u kterych
Vv pritbéhu té¢hotenstvi dochazi ke zménam sérovych koncentraci v diisledku zvyseni

clearance, je vhodné peclivéjsi monitorovani.
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Koncentrace lamotriginu v matei'ském a pupecnikovém séru p¥i porodu

Ve clanku ,, Serum levels of lamotrigine during delivery in mothers and their infants *
(57), ktery ptedstavil analyzu dosud nejvétsi skupiny téhotnych epilepticek uzivajicich
LTG, byla prokazana vyzna¢na interindividualni variabilita poméru pupecnikové/matetské
koncentrace pii uzivani v monoterapii, ktera se nyni jesté rozsitila v souhrnu mono- a
polyperapii AEP. Pfi¢inou se zda byt rozdilna aktivita placentarnich izoenzymu UGT 1A4
a 2B7 metabolizujicich lamotrigin, a to z davodu genetického polymorfismu. Potencidlni
teratogenni efekt lamotriginu pti kombinaci s kyselinou valprovou by mohl byt spojen s

jejich vyssimi fetalnimi koncentracemi.

Koncentrace kyseliny valproové v matefském a pupeénikovém séru pri porodu

Publikace s nazvem ,,Serum levels of valproic acid during delivery in mothers and in
umbilical cord — correlation with birth length and weight* (58) demonstrovala
signifikantni korelaci mezi matefskou a pupecnikovou koncentraci kyseliny valproové s
vyznacnou interindividudlni variabilitou poméru obou téchto koncentraci. Nalezli jsme
nepiimou zavislost mezi porodni délkou i hmotnosti a jak matetfskou tak pupe¢nikovou
koncentraci VPA, avsak bez zavislosti na jeji davce. Z tohoto divodu je k odhadu a
pripadnému snizeni rizika vlivu VPA na plod béhem téhotenstvi presnéjsi terapeutické

monitorovani VPA nez znalost jeji davky uzivané matkou.

Koncentrace CBZ a epoxidu v matei'ském a pupec¢nikovém séru pri porodu

Analyza uvadéna v publikaci ,, Concentrations of carbamazepine and carbamazepine-
10,11- epoxide in maternal and umbilical cord blood at birth: Influence of co-
administration of valproic acid or enzyme-inducing antiepileptic drugs *“ (59) piinesla nové
poznatky nejen o koncentracich karbamazepinu a jeho aktivniho metabolitu v matefském a
pupecnikové séru, ale také o zmeénach matetské clearance CBZ a vlivu dalSich soubézné
uzivanych AEP, zejména kyseliny valproové. Vysledky ziskané z doposud nejvétsiho
publikovaného souboru prokazaly Sirokou interindividuélni variabilitu poméru
pupecnikové a matetské koncentrace jak karbamazepinu, tak epoxidu. Bylo zjisténo, ze
kombinace s VPA vyznamné zvySuje koncentraci epoxidu v pupeénikovém séru, pomér
pupecénikové/mateiské koncentrace epoxidu a pomér koncentrace epoxidu/CBZ jak v

matefském, tak zejména v pupecnikovém séru. Zdokumentovali jsme dale signifikantné
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vy$$i hodnoty poméru koncentrace epoxidu/CBZ v pupecnikovém nez v matetském séru
pfi soucasném uzivani s VPA. Lze piedpokladat, ze potencialni teratogenni efekt
karbamazepinu pii kombinaci s kyselinou valproovou by mohl byt spojen s vyssi
prenatalni expozici karbamazepin-10,11- epoxidu z divodu inhibice epoxid-hydrolazy ve
fetalnich jatrech. Tato studie také ukazala, ze soub&ézné uzivani enzym-indukujicich AEP

zvySuje matefskou clearance CBZ v priméru o 50% a kombinace s VPA piiblizné 0 70%.

Koncentrace levetiracetamu v matei'ském a pupecnikovém séru pri porodu

V pilotnim projektu byla v dosud nepublikovaném souboru téhotnych epilepticek
demonstrovana vysoce signifikantni korelace mezi koncentracemi levetiracetamu
Vv matetfském a v pupecnikovém séru. Pomér pupecnikové a matetské koncentrace
dosahoval priméru 1.13, pfi¢emz sparované matei'ské a pupecnikové koncentrace nebyly
signifikantn¢ odlisné a byla tak potvrzena volna transplancentarni pasaz levetiracetamu.
Monoterapie byla pouzita u necelé poloviny sledované skupiny t€hotnych Zen, pticemz
Vv referencnim rozmezi uzivaném pro obecnou epileptickou populaci byly stanoveny 2/3
matefskych koncentraci a 1/3 byla nizsich. Vyuziti TDM v pribéhu té¢hotenstvi ma tedy i

zde své opodstatnéni.

Celkové shrnuti

Pocet t€hotnych epileptiéek uzivajicich lamotrigin, kyselinu valproovou nebo
karbamazepin byl v nami sledovanych souborech zpracovanych jednotnou metodologii
vys$8i nez ve vSech diive publikovanych studiich provedenych riznymi metodami, u
levetiracetamu se jednd o druhou nejvetsi dosud analyzovanou skupinu. Terapeutické
monitorovani 1é¢iv miiZze poskytnout dilezité informace k upravé davkovani vétSiny
antiepileptik, a to zejména u pacientd s neocekavanymi vysledky 1é¢by nebo pfi stavech
spojenych se zménou farmakokinetiky, jako je napiiklad téhotenstvi. Je také zdrojem
dulezitych informaci tykajicich se napt. transplacentarniho ptenosu antiepileptik a jejich
vlivu na vyvijejici se plod. Terapeutické monitorovani 1éCiv tak prispiva kK personalizované

farmakoterapii epilepsie (142).
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“Oddélen klinkcks farmakologle, Ostay laboratomi diagnostiky. Fakultni nemocnice Ostrava

Terapewticke monitarcvani hladin o se poufiva jzko nastroj k optimalizac farmakoterapie epilepsie jii iméi &0 let. Tato
metoda je ralaf=na na predpokladu t2snégEi korelace Hinidedho d&inky s koncentraci 1ESva net s jehio davkou. Terapeuticke
monitarovani se sredl optimalimovat pacentova kompenzad spiepsie dpravou déviovacho refimu antiepileptik s vyufitim
informaci o jefich koncenirac v seéry, plazme nebo ve slinach s cil=m potlacit zadhwaty a minimalzovat nezadouc Ofinky amt-
epileptik. U witiiry antee pileptik je wvadéno referenni roemeei, které definuje sérové konoentrace, pii kteryich je o wEtSing
pcient ofekivana dosadeni opdimalni kinicke od povedi. Plesto wiak, vehledem k indvidualim odchy lkdm, mdde vyZadovat
mnoha pacienbl konoentrace antiepileptik mima tabo referencni rozmezi. W t&chto phipadech by mela byt terapie vedena na
zaklzdé individudini teapeuticke koncentrace”, defincvané jako koncentrace, pii které j= dosa®en stav ber zachvatd s dob-
rou snadenlivosti medikace, piipadng jako nejlepsi kompromis mez zlepienim kontroby zachvatl a re koncenbraci sévishmi
neFdoucima donky.

Klitowa slowar terapeuticke monitoravani hladin betiv, antiepleptika, referentni rozmezi

Therapautic monitoring of antispileptic drugs. part | - genaral principlas, “old”™ antiapilaptics

Thempeutic dnig concentration monitanng bas been ussd as a tool to optimize treatment of =pilepsy foralmost 60 years. The concept
of the methiod rests an the assumption that dinical effects cormelate better with drug concentrations than with the dase. k seeks
to optimize the seirure suppressing =fects of antieple ptic drugs while minimizing their adwerse effects by managing their med-
i@Son regimen with the 2zsstance of information on the concentration of antiepdeptic drugs o the senam, plhsma or =iiva. For
mast antispileptic drugs, “reference manges” hese been reported whach define the senam concentrations at which most patents ae
expected to exhibit 2n optimad dimcal resporess. Due o ndividusl vaniation, howessr, many patents may reguire conosnhratons
outside the reference mnges. Inmany situations, patent management is best quided by determination of the “ndividual therapeuisc
concervration,” defiresd as the concentration at which an indridusl has been found to achieve seizure freedomowith good tol=mbiliy,
or thee best compromiss between improvement in seizure control 2nd concentratior-related adverse effects.

Koy words: therapeutic drug conosntraSon monitoring, antispileptic drugs, referenoe rnges.
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Fencbarbital (PR)

Mechanmus 0tk Fenolarbital jo bae-
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Fenytoin (PHT)
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ol zachvand dosa®ora ph koncertract v oe-
maz 10-20mgA Pro ndkiond pocianty o vizk
dostatigic! net koncentzace ke kormpanzao
.................................... Idmicikaho stavy, zatimeoo jinl vy2aduf naogak
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Ratroapakiml 2 chsenvatnl shadie uklealy, o
aptimanf kentola Zchvaitd u pedanttl] s mono-

terzpll jo nejpravdépodobnigtl phl kanoentrad
maz 4-12 mgl, ve watling udll viak nabyh

siamovea konoontrace akevmifo metabalie
tarbamampin-10,11-eposidu. 2ko prabos kan-
caniracs wiskyiu redsdoucich ofinkd se wedd]
boncentrace (BT maz 8- mogel. 7 tchio dino-
il ma OKF FND powivi ma eferentni rmemesd
pro samotny (B2 4-9mgd a pro soudst TBZ
5 karbermamapin- 10,11-sposddam < 12mgsl U pa-
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torcentizd (BT poificbmich ke kontrole 2dwa-
i a spojenich s toackou 2, 7111

Klonazepam (CLI)

Mechianizmes dfinke: Klonaoapam @ ben-
zodbmopinovy darteit, kiery mjmana ovileiul
memTeptickou 2 postemaptickou inhibic! zro-
stteduovenou GARA.

Fammaknitneils: Koremepam je rvchie ab-
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amid s el ik 1 det, 2k u dospalech.

Foncentrooe OLZ 0 kinide? wiod- Vehledam
k tomu, 2= sa u mnofa padentl vyving ke
borazspamu tolerance, byic obit!ng sanove
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Jp=nou knrad med plarmaticuon koncenirac
[LZ a jeho 0finkem rebo Emickou. To fuma
demonsirosall ma phpadu 30lketéha muls, kiend
b hospitaliovan ra pychietnicdeem oddaend
k dotoefilad pf tHa zhviskost na benzodia-
mpinech s extrdmnl toleranc (denni pjem
at é0mg Honarepamu a 10mg alprazobima
sinovow koncentad Honzzepamu 5433 ngstml
snddo| ber mamak Intodlam] DeboFilkao
probitaly postepmim snitrvanim dsek Eora.
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o TDM - wiz gif 3 124 U epileptikd keamich
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Primidon (PRM)

Mechianiamus 08nk: Pamidan je desony-
barbiturit, kiery zplecbuje hyperpolarizad
burdstmpch memisin. ¥ protiflady k ferobar-
bitzlu imatabali primidorug rema Kdny efeki

na postsyrapbcey Uenek a postsynaptickou
blokidu GARA

Femaboidmetks: Pimidon je rychio a et
oping shsorboran (T_ 2-ahiu dospibych, 4-5h

u détf; biologics dostupnost =309 Vaoha
ra plaamatichs: protaing je nizka (109, far-
makckinetia Inaiml vd domboje 0508k,
lmnmenacs v mazkominim maku odposida
koncantad namafens: v plarmit. Himimaoe
probifd Sistmtng v neamdndrs formd mods
3t nind pleménou ¥ frbech pomod OF0C%
a TYP2C19 na fiemyl-ethyl-maloramid PERA"
2 fencbarbial, kiend |sou farma kologicky alcthe-
nl Himirani polofas FAM e wysoces varabilnd
a unvddl 3o v mEned 7-2F hu dospdiich pad-
eniali;3-12h ph komibinad s eroym-indulajidmi
AEL 5-11 h w digl 2 2-B0h v nowoomnaedadm
vl Bethern chionidktho: uMvanl je konoent-
2o Erobarbiaby vrhledem k jeho douhému
giminatnimu polotasy obyile vitaznd wili
nal FAM 2 FEA.

Koncerinoce FRM a Bisici! efnke: Jellod e
primidon matabolznedn ra fenobarbital, joab-
H2né ozt ofickt PRA od FB, 2 proio jo sanva
mnoenimaos FB pouXvara ko z3sadnl kwedani
terzpie. Referentn! memed saowd konoentraoe:
samotrdho FAM bénvd witiinou uddéno jzko
S5-wmg, konmentrad fencharbital jo wak
potieha takd sanovi. Mavic stanowenl pominu
PEM a PE:milde byt rdpomooma k odhalerd pac-

entowy non-aompl Bnce, a to poloud & konoent-
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Terapeutické monitorovani hladin antiepileptik Il. -
~nNova” antiepileptika, specialni skupiny pacientt

Ivana Kacitovad'?, Millan Grundmann’
"stav klinlcke farmakologle, Lakarska fakulta, Ostrasska univerzita, Osfrava
‘Oddélent klinicks farmakologle. Ostav laboratomi diagnostiky, Fakultni nemocnice Ostrava

Terapeuticke monitorowani hladin léciv bylo zavedsno pro fadu anBepileptik a v soutasnosti s& pougiva ke stancveni optimalniho
davkovani kindridualzac farmzkoterapie pacierttd s epilepsil U novych® antiepileptik je predpokladan mensi vyskyt zavazrych
negadoudich uinkl, vice predikiabilni farmalkokinetika a Sirii terapeuticke rozmes nezu ,starpch” antiepileptik | piesto ma viak
terapeuticke monitorovdni v téio skuping [&civ sé uplatnéni, rutinné je uFiteing rejména u lvmotriginu, levetracetamu, stinpen-
tolu a zonissmidu {vzhledem k jejich vyrazng inber-individudini variabilité metabolizmu 2 clearance], u ostatnich l66w napomaha
ke konitrole compliance resbo Oprave divkosdni pfi onemocnEni eliminugicich onganil. Prestoze nejsou u nékbengch novych antie-
pileptik znamd referencni razmes’, miZe byt ustanoveno individudini terapeuticke roemesi, optimaini pro daného pacienta.
Klitowd showa: terapeutické monitorovani hladin kadiv, nowd antiepileptike, indrvidualni t=rzpeuticks rozmezi

Therapautic monitoring of antispilaptic drugs, part || - *new” antispilaptics, special groups of patiants
Therapeutic drug concentration monitoring was initiated for a number of antiepdeptic drugs and currently is wsed to establish
optimal therapy regimens for individual patients with epilepsy. The “rewer” artiepileptic drugs generally have probably fewer
adverss efiects, more predictable pharmacokinetics, and wider therapeutic mangins than “old”™ drugs. Howeser, routine therapeutic
dirug moritoring is often used, particulary for lamatnigine, levetiracetam, stinpemtol, and zonissmide, marily due to inker-ndividual
variation in metabolesm and dearance. For other drugs, therapeutic drug monitoring may be dinically useful to assess complance
or b adjust dosing in organ failure. Generalized reference ranges have pet to be proposed for some newsr antiepileptic drugs;
however, even in the absence of generalzed reference ranges, an individual theapeutic ange can be established for patients
Kay words: therapautic drug maonitaring, neser anbiepileptic drugs, individual therapeutic range.

Terapauticks monttoeowanl bladin ke
[TDM] ja makodons na pledpakisdu Esndf ko
relacn Hinkdtha 08nku = konconiad kit nal
s oo diwkou Je taks vhodng u iy, ke
wyzmadu] viranou inta- nebo nterind radudin
warbbiltou farmakoknatiky. lednou 7 forapau-

tickdh shwpin spd fgicich o krténa jsou an-
tiepllaptica (AEL U antioplentik 2. 2 3 genaramm
L Nard” AE) |o v secmian s 1. genarad (imicks’
St ) plodpokizdan mens! vyskyt shat-
mpch neXdoudch oeinkd, vice pradiktabinl
farrraockinatia a Urk torapoutichs rmames. Ja
adeviak mang rdolomaenionwdng koreboe mez

koncentizd 3 terapeutidomi, sesp nedadoudmi
0rky. Tikisdnl famakakineti o dankieistka
a réfamencnl raomad AE 1 2 3. garera [sou
wwndeny w tabulos 1 -5

Eslikarbazepin-acetat (ESL)
Mechantrmus &inler Esblarompin-acetat
| jgha metabality nhibu)l rapéds Maerd sa-
oo kandly.
Farmakokinetika: Eslikarbazopin-acetat jo
prodineg, kheny je rvchiie ave vala mife plem-
fiavan jatemimi st na akivnl matabalt

mliarbarepin Hbdiny esliczrbazepin-astaty

v plizmé po perorini podani oberyble olnt.
vaf ni nat maz bantfkze

Med mend vimannd matabolity pat-
N aekarmzopin fzks ultvan ko AE) 3 (Al
likzrbazapin. Ma moadl od karbamazepin,
ezhlamarcpin-arctdt nonl kanvertovdn na
larbamamapin-10,71-apodd a nevykange aulo-
indukenl plisobenl Maxmalnl plarmaticks
koncentrace (T_ ] edikariampinu jo dosato-
na 2 -3 b 1 biokgickou doshupnost »00%.
Viazha na plrematichs: billoviny e nelatves -
ka (30-40%], distribueni cbjem (vd) ja 2.7 kg,
Elminztni polotas eslikadarepinu wm wadl
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Gabapentin (GBF

iechanirmus 0oy Gabapentin nhibua
napaiovt Mzend kalcown karaly 2 Aayms sni-
Juje soificrdn! acdaénich naurotansmiterd
wabbaterh cenirdintho rensessho syshamu

Famaknkinetihe: Gabapentn @ po pem-
rélnim podani rychie absorbosn T__ 2-3 bl
keho biologicka dostupnost Mesd se peylagicl
s dawvion [fajmi r diaoc sah race kapacty
tramportan)a doszhuje hodnot « 60 % Yarba

VR

na plzrraticks bilowiny je nulowd, vid v roz
maa 05-1,00kg. Konmeniraoe gabapantinu
v mozkomEnin mokw Snl prbleng 20% sh-
lené plarmatics konceniram. Gabapantn nand
mtabolirredn, wrhatosan peobiha viradnd re-
ndird v remmdniars podobsd: Eiminatni polofas
je Lvddin me 5-2 F 2 prodictuje s v pipads
zhorteni mendinich funlcl Fomés konoenirace
ke crns s vy s Wi 2 sinoeed konoantrzos
o stoni diveos rmeed pedrotie wiraemss kol

sonrentmor gobapenting o inicky efeT
Werarnd Imtsrdnchvichadinl vanabiiz faama-
kckineticy a biclogicks doshuproat zavesly ma
dwoz napowidal o wimramnost moniomsaed
loncenirad gabapentinw. U padent Béemich
mrpautickimi ddviami se sime lonoentroe
pobwbup v o 2-20mgidln-61

Klobazam [CLB)

Mechanizmie avinkne Mobamm jo bareo-
dibzepinovy dertvat, kion strmuluje inhibicnd
GABA-A rcEpiory.

Aarmakotnenika: Klichbazmi je nchle 3 12
mi tplred abeoribovdn (T__ 054 h, biclogicia
dostupnat » 95%) Varha ra plematicke pro-
miny dosahuje BO-30%, Vi 09-1,5l%g je o=

banzivnd metabalinovan v Jitrech, a o rejména
deamatylacl na H-desmatyldobaram pomod
CrF3A4 2 v mertim roeszhu CYP201L v neomd-
nidred fomi se ledvinami wowt] < 1% davior
H-deuratylklobaoam ja dile biotransformo-
Wi n ceioen CYFRCTT na d-Feydroocy- H-deumat -
Hobazzm, phtems upomalkdh matabal=2 ol
CYFACTY byl zpadna Snasobrs vyt phorra-
tida konoentrace M-desmetykicbazzm me
u rychisch metabolzdion
M-desmatyidabarm ja 2kivnim metabal
bam, wyzramne sz podil nz 0drmost dobara-
muw 3 jeho e konoeniraoe dosahup vwitich
hodnot nat matefsks litka. Bimiroinl polotas
dotazamu == pohyvbuje v mzmed 10-30h,
u Modemmetylklobaoamu 38-46 he v s6El e
eliminaos witarng pomalkl net u mladych
padantil, pf hapatalnim ocremocndni e
b4 snitena jzk eliminao, lak vazba nz ploma-
tckd prodainy. Farmakokinetila Hobaramo
| H-desmetyldobaramu j Inedmil
Konceniroce kiohareme @ klinkcky efek-
Jalikn? = mitdm vyvincut toleranoe jzk k ne-
Bdoucim, tak ferapouticiprmn oinkdm kioba-
ramu, nanl mela ey vrtah mad odnnost
a séoowiml konmenirzcemi gk klobaramu,
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tak N-desmatylkioboramu Micmand, i byly
poeTovany aramky ety cantriiniha nee-
woreho syshdmu pfl vy iich sérovich bon-
centrackch bichio ek, U moentd keensch
terapouticikymi dvicami dofarame so sdmed
knnoeniram pokyiogl v memer 30-300ng/mi
pro matatskou Bk a2 3003000 ngyml pro
N-desmatyiklabhazen [1-5)

Lacosamid (LCS)

Mechantmes Goinker L somamid ja funkoio-
nal=meara aminokoysalina, iderd inhibuje aps-
Tt Memperad sodThoess kol

FAexrmalcineika Lacaosamid sa rveh-
k= a opind vsttahava (biologicka dostupnicst
~100%, T__ 0,54 h ' s pofwiage w meme
05-07 bbg, vazha ra plematices: bilkosiny @
minime bl G 15 5L PRl 409 s B wwlu-
ErdinG v mermersnd podobé mod, iyiok o
miatabolizmn v pErmch ko wine Odaje ko)
22 OYFICE, CYF2CTE a CYFSad ow schopry
katafyrovat tvorbu Blaynibo makthiho ma-
taboliEy bopamidy iD-desmetied-boosamid]
2lg hizwml 1soarrymn rabd in wvo pobrzen
Himinatni polntas lomamicu s iwad] mezd
12-15 h. Frrmakokiretika jo oméma dives a o
fnovt kanstanind 3 nidkou Inla- 3 interindhd-
dudinivanabigow

Foncentroce fooosamidy @ Bincke ofekr:

Lacosamid so vwmatuje preciiktabilnd fama-
kolanativon bar Elinkcky vimmammich: noedild
mex détmi, miadyrnl daspsiEmi a starfmi pa-
chenty. TDM e viodra b nastreend indhvidual-
nifo efemnénino roemasd, mmam v plipada
hepatal nihe a'naha reralniho salant Optimaind
kontrob micheail s uvdd] v memed sénmepch
konenirad 5-20mgy {1-5.

Lamotrigin [LTG)

Mechantrmes ek Lamotrigin e Boks-
tonem rapdioes: emsch sodikowich kanald
2 inhibue wsoitcrsnl ghatamahs,

Farmakolbetks: Lamotrigin @ rechla 2 i@
méd dpiné zbsarbowvan [T__ 1-3 h, biologicka
dastupnost = 95%), wdmed lonmenirao = b
nadend meviule s daskou Varba ra plaamaticas
billorviny diosahje phibilars 5%, 'vd 0,9-1,3 g,
Lamatrigin & v jatrech. extaraivnd metabol-
2oredn konjugad s kysalinou glukoroncsou ra
raktivi matabolity [pimams UGTIAS 5 po-
mod UGTLAL 3 LIGTZET), « M1% e vidutuja
NEDTENEND: macl

Wyrroije 3 atoindultim efelkie, eho
dearance millds byt bdhem 2 tpdnll po reszoerd
ovitenaa 17-37%. Eimirasni polotas sewesdi
mexi 15-35 h u monoilerape, o Vit drsoan
&1 hj ph kombirec s enaym- indusko icknil AE
a aapak procdioien 30-20h) phl ko-medikzo
s lipsalinou valproovou. Farmatickd dearanoe
brroiriginu dosahuje phisling 20milimin, ja
v iE et net w dospatych a mime redukovana
v =230, hafam tihohenstv mithe byt raitam
afna 300%

Konoenneor bmodriging o biniok ek TDM
bmatriginu je whodrst mjména vehledam kv
rarred imter-indivichsdinwara bl famadcddne-
tiky, meodmm viEnamngTn ordindm sdmovpch
koncenirac] v dobd tshotarst a vrsokamu
so signifikantnd nrghule pll korconiract »15mgil.
Raferenim| rarmaz] saeovpch koncenirad =o
vt i Lvadl mael 25-15 mgAd 1-5, 10 Ma
Cddalkeni kinicks farmalologie fORF) Falkkuftmd
NEmoCnice Jistmwa (FHOD poadedemes: roeme

3 1amgl

Lewetiracetam (LEWV)
Mechanirmie ke Lavatiaoaiam awifmiu-
& hiadinu Ca™ w neumonech Basteimiou inhibict
lziicicrnich karmalll typu W2 snitenim uvoltovant
" z Intmneuncndinich Sech, taseind anta-
goninge wnifenl aktkity GARL- a givdnowpch
lzralli rpdisobend zinkom 2 betakarbolimy 2 va-
1o sa ra varikuldrni pynaphiccy protain SeZa.
Hiomend, pfesy medanioms otnk kevatl-
recatamu nend v snutEnost] mam.
Rarmakorineties: Levatraostam ja rechila
(T__ 1-2 hja iémif Opind absorbovan {bickogic:
la dostupnost > 35%]) Kewd s W8 v VT
mite ra bilkorsiry krovni plarry (o 1036, Vid e
0,5-0,7Veq, farmmadeokdnetica linegimi Meri viras-
n& matabolzmetn, hirsmil metaboldou cestou
e enzymatck hydmbiza acstamidions skupins,
primami matabalt wch LEF ja farmabkologidor
neakiril. Eliminuie so mofména rendng, phibizng
65 % diviy o wwlutowano v neemdnirs: podobss:
modl Wiutman! leetiecetamu peobiha glome-
rutimd fitrad s néslednou suisadami mabsarp,
primmami mmstabol bt se ko glomarulami fifta-
m wyiutule | 2kl tububami sakrec), phtems:
wyitowdin levetioetame lomive s doaanoe
lreatininw. Himinaénd poloZas doabhue 5-2 h
u dospiich, 15-12 hu novoeomenall, 57 hou da-
Ha =11 b v SN Clooiarog: e Lredeckro we widn

1B KLINOCA FARMAKDLOGE & FARMACIE ¢ Kiin Farmabol Farn 2006 307 16-32

18-£4 et wiommaA 1,19 giden, u parientii nad
&5 let 033 kgydan 2w det o 30409 visl el
u dospeivch W thotensti dochdi ke snihand
stnovth koncentad o S19%

Eomcerenoor feveiisocstovm a kiiicky ok
Aelerentni rommezd 52 uvadl man 5-45mgd

ety jako 12-45mgely, ra OKF FNO pou-
Hedma noemas S-40mgd (-6

Pregabalin (PGB}

Mechanizms ook Fregabalin je 2nalog
leysaliny germa-aminoea salng, kiary inhibuje
napsmw M kalciow kandk

Farmahoidneriks: Pregabalin jg rechin abaos-
Eszrean (T__ 1-2 h) 5 biclogikckou dostupresti
1% Man | wizan na planmaticd bilkcesiny, d
dosabige 0,505 Vg, farmakokinatics o linesmi.
Fragahalin nani matabolinosan, vyliowdnl oo
sysemoas crlodace probiha sajmeéra remdin
RIS ¥ rezmenirs podobs M2, plazmatic:
Izt deasance 2 reraind dearance pregabalinu jsou
phima umdms dearanos kratinina, Elminztnd
polotas sa pobyiboie mad =7 h

Nonoenirece pregebaling g inicky el
Adfierantnl remaz pragabaling biva ivadi-
no mad 3-8 2 mgy'l ToM mite ket wadio
mjmara ke kortmle compliance a u packentl
s ptmaky pieddvbovdnl -5

Retigabin (RTG)

Mechanbrmes 2inke Reigabin 0finkuje pri
marnd prosttednictdim akihvece drasibovpch
laanakl.

Farmakoiinatio: Fatigabin je rechie absos-
bowan (T__ 0.5-2h s bickogickow dostupneaty
phiblnd &0% Varba ro plarrarticks billaosimy
diosahuje 50%, Wl se uvidi v noomesd 2-3 kg
Himinae netigabiru probifa prostiednichim
kombirooe jatermiha matabolamu & reraln
axkroce. Cist davky o plomdndra ra Inakevni
H-glukuromidy, £ metabolinoesana na famma-
lmdogicky akehmi M-aoetyl mataibollt, Kierd ja
rovredd ndnlodni ghua moniracdn. Ta glula moni-
i jo eocpowiding zejmera UGTLAL, 5 pipa-
nim LGTTAL UGTTAS 2 LIGTTAS W nesmandns:
podobé motl je vilootena A-30% ¢ podand
divicy. Feomatidor polodas mtigabinu e pabls-
ni 6-10h, farmalokinetla Insiml

Eoncervrooe etgobing o idnidh? efekd - Beejsou
mdnmy dd2je o vrishu men srovou koncentrad
retigabinu 2 kompenec] et nebo nea-
dicucimi Beinky 1-E6L

emwre Hinidafrmalologe.or



Rufinamid [RFM)

techentmen Geinier Fsfirermid prodictu e
rakitmi st rapddfowd Nzspch sodiowpch
ke

Farmakckinetitz: Rufinamid je dobie 2b-
sorbowdn (biokogick dostupniost = 80%, T__
i hl wvarba na plarraticks probeiny jo nixa
[Pe—35%), wd 0,7-1,1 kg Elminace probiha
tamedf vvhradrd matabolirac w ftrech, Blaei
drziou je hydrohiz karbowykemidoa doopiny
na famzkniogidey Ikt dervat, oviochiom
P4ED 5o pocdill w mnoham mentl mite. ¥ na-
rméming fomia se wylseul mod priblitns 2%
podana dawicy. Ebmirsni polotas s& pahybuje
w e E-10h

Foncenirece nifinemidy o Hinkky ofeki:
Edvoretl koncentace nufiramidy dobre kowdu)
s onimolou Fohwatll a umodtul stanoven| In-
dradudind lerzpeutida konmentro. Refierentnl
ez e uvading mael 3-40mgf, na OEF

FHO pouttedma remasz] 15-40mg N-61

Stiripentol (5TF)

Mechonirmes Ueinkus SHripenbol mvvbujo
hizdinu gama-2minomasane: kysaling inhibc
GABA. Ul ke areeb o Infabicl GABS trnsami-
nary. vyiuje takd sifednl dobu olesoni chio-
ridovych kandil GABRA-A repion mechanir-
mem podobmm arbEuriowemu.

Formeiotnetio- SEipeniol se rechio 2 dob-
Ie wstfehawa (T_ 0,53, biclogicka dostup-
nos xR0, ik vy first-pos metabo-
ke biologideou dmeupncat sniduje Vi
na phrmaticke: bilkovinmy ja vysokd 59 %], vd
v noemaz 1,0-1.3 Fig. e norsdile mataballao-
wan v [imech, v mo#i bylo dousd naloxno 13
nmych mataboied. Hivnimi metabobiccgmi
procesy mou demetyboe 2 glukumonidacs, @
Zéadnl jatarni roananymy cytochomu FEsa,
zapojand do L fare metaboliomy, oo poea-
Sowdny CYFLAZ, CYFICT? a TYF3A4. Fribling
7% dawly @ v nesménding fomd velotoddna
mod Elimiraeni polofas dosshuje reemest 45—
12 h Farmakokinetla jo nelnmami ( Wichasls-
wianten”, Sturbinr, ,nulktho Redu), ton 2058
sérowd konoenirace vyl neproporciording
P zvytoeani chivy, Tatnoo elminatni polofas
2 cleaanoe se iUl 18 rvySujid sedavion.

Eoncemitace stripeniolr o Kinicky afekr-

Referenénl roomed je uvdidéno: mazi 4-32 migi,
by sémwt lonentroe konsho 5 konirolou -
chewaidl tvpu absarc] v dit, a 8-12 mgedd u 1m-

e dinidefamalologino
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diamu Dravetoead. Svymil whast noatenl nelinedni
farrakobinetik, wanks warta na plarmaticod
profaiy acdenzianl matabo brmos] se shipen-
il podoba femionu -8

Tiagakin | TGE)

Mechsniamus cnie Tgabin jo B8N se-
lektzivril Inhiboe wndyideedn| GABA,

Aarmuakohinenkz: Tagzbin & rechle absor-
bowan (T__ 0,52 bl s banlogidau dostuprcstt
= 0%l 2ini 02-1,0 kg, vazba na phzmatic-
I bilnowiry jo 56 %, fanmokokinetiba naiml
Motabolzace probiha = welke: 22 ptemim
sshdmam CYFRaL, « B oy je wioutena
vrszmendra forme modl Bimiresnl polcfias s
pohybule v rmemend 5 h, u padieni] s enxym-
Anduagicimi AE 2-4 h, pt hapataing dysfunko
12-16h Cleoranma e vt v débsham winn ve
srrndnd s dospéiienl pacienty.

Eonoetece Begebim o hiicky ofoks-rtah
mad srovo koncentrd 2 Menkemetadiciou
natryl vizremngjl studowdn. U padend kea-
mrch teapeuticlkyml davkami se sénovd lon-
R poiying | v roemasd 20-200 ngfmi, m?
byl preseniosno: ko refereronl rammad (1-5.

Topiramat [TPM)

Mechanibomiun 08lar Topiramat blokge so-
dikovy k2nal, potencule akihitu GABA, antaga-
nitau jor e ni glutamd iowy recepion a inhibuje
néciand: oareEy karboaniwdrizy.

Frmakolbneibe Topiramat se rechle a dob-
fa wstiekued (T__ 22, biologicks dostupnost
x80%] W w pohybuje mar 0E5-0,8 L, far-
makokinetla je linsdmi Vazba na plaamatics:
billoviny ja 13-179%, na posrchu eryErooyil no-
bo v erytrocytech @ navic umBsSno: vasshes:
milsho s nirkou kxpociou protopicamat, ke o
sahoovateing ph plarratidodh konoentradch
4 mgyll Matabolimydno je pliblend A% din-
ky, u padenh] soutwnd uMajicich enoym-n-
dulwc AF s mits mefbolemus rvitit 2 ma
5%, sped fidcy Boereym CYP PAS0 rodpowddny
mmsstabolzyd neby dosud identifilowan Wotr
& v nemmanena forme wouteno 20509 divs-
k. Eliminacnl polotas sa pohybule v rmemerd
20-30h, u padentd s errFm-ndulogicinl AE
o rirdcen na 10-15 5 Flazmaticla clearmoe e
wwdding mas A0-30mbimin, u d& je Teitam
Vo w3 dospaaifmi o 25170 %

Eonoeneor iopieman o dinice eiekr U pa-
dientii kfemich lerpestickymi divkami e uva-

¢ ElnFarmakol Farm 20NE; 30071

dirna sérowd konmentraoe v memed 5-2mge,
w ekl wa wilar 512 kot bevd pla refiorendni

meamad wvaddian konoenireos 3-21 mge (-8

Vigabatrin [ VGE)
Mechonirmus oinhe Vigatatnn ja seieicthe
ni, reverzd binl mhibhor tlRn=minary kessling
gama-aminomadsang, Sim? weda @ rvitant
lonmntRos GABA ¥ moTkal
Farmahsidmatiia- Vigabatnn & nedhlia absos-
bszr2n T__ 12 hi 5 biologideou dostupnosts
B0-B0% Varha na phematicks bilkoyiny jo -
nedbateing, wd 0,514y farmakoknetika Inaar-
nL Vigahairin nenl matabalzovin, wintmeani
probiha ssjména rendind sekmecl v nezmenars
foemig;, @liminadni polofs s pobybese wionma s
5-8 h. Cearanm jo phiblifnd 7, u deti do=-
huse wyttich hodmot, u packenil se thorsenou
renini funkol ja naopak Ntk
Korreniboce wosbodnng o kinioky slak - Mar
plazmatidou kanoenirad a 0Cinnost nenl pi-
mad koralzoe Tnsdind Ofinko ek Briky Swisl na
rechicsH resmmiary GASA, traraamindy.
TOM s3mwd koncentrace vigabatrinu mil-
o bst wHietng ph konirolovanl complianca.
PR didwkdch mazl 1000 a 3000 mgdden o oéo-
kEwaina ddodnl sdnord koncentrame v oomes
0.B-35mgy {1-5,

Zonisamid (ZNS)

Mochanirmes 1Wnie Tonlsamid Inhibuje
napfons fMznd sodicows a vapnioows kndhy
3 e s modiu ks 0 iraak: na irshilbic ! migurond
rprosttedbkrvanou CARS

Farmakohnetibs: Zonsamid e nchle a -
mél apind absorbovan (T__ 2-5 h, bickgicks
dostupnast » 303 Wd w2 pohybuje v mamen
1,0-15 Vg, farmkokinetila e lnaami varba
na pleratichs probeiny 1 uvadl mas H1-30%,
soufnnid sonkamid vrkanje vrsokon afinitu
anizeou kapacitu vazsy na ervirocyty. Bimineos
probita metabolzac v e rech pormod CYF384,
ldy vemila)l Inaktvri metzbolty, mol ja v ne-
kr. Elminatni poloezs daszhuja 5070k ph
monoizzpl 3 35-35 h ph soubdndmn Lifvant
anrym-indukygicich AE. D&t vyt diy-
I w mgrig kdmafen smamlngch séaovpch
konmntrol

Konoenirece mnkamidy g klinidnt efeke-
Mavwtovand efaentnl maman sa ol men

10-a0mgyl {1-5,

B5-72 § MLMHOCHA FARKEKDLOGE & FARMETE T
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Fasty ]

Arroverndend

Sdeny novorcernes, 27 kg, belo gmﬁu ndearovd divvbs Fenoharbitakn 55 mg

& neukecind [ewminel'S 5 mg oo 7 intrvendend, m 7 foding po opitoo iyvio siomowrna biacina
mod fornd branic? fevapeutiobdis reemiet M0 mgedl bvis dopostens sniferd daviy ma 4.5 mg o
2 frodin intxoversdent 5 plinadinFm vaazen'm a1 dévek. Zpdoh aplikace By zméndm no pero-
rd i v ndF ddwere 2 i d g i3 P e oo e vl nemiena fikediog v ievo e ciodm roemert

TDOM antiepileptik u speciaglnich
skupin pacientd
Detsky wtk - fyniologica sordily med deami
2 dospiipmi majl ra nddedek na wiku =rade od-
trost pkve Brmakobinetics, Gk amakodyra-
mioz AE U novonesnod a kojendl frou potish-
i ni® ddwiny ra by b esna hmoiness rddvodu
snitrorsd: vaoby ra o protainy a nerakich
hepatainich 2 menainich funkol, W diat! startich
1 poku s pocta)l neopak sqnifikznbrd il
dawkoy na by itlesnd hmotnosa ra? u dospebich,
2 foi AE mastaboll =mamich crtocheomam P450
ICVF Isoficrrmiou A2, CFP A% a DY P44, na mz-
dil od AE elimimamich rending nebho pomod
CYP2001%, CYP20S, N-aoetyl-transierinou a LIDP-
ghukuroncsyl -rarsforiron. Va mownani 5 do-
spdhimil pacianty seu datl mitka Bt Syainas
farrafridnetichich iInterakd mexd AE navrajem
neio pit kombirad AE s Jmimil soubaing u
warmril ke, Udaje vrtahuic! s& k refeserdnim
roemazim AE Byl 1omad witeadng odvoomry
e studl prosad@egch u dospaipch 2 oxstujo
Jen rain dat tyiajicich se eiemennich memexd
w ditscam vk Epllepticks symdeoemy dtska-
hawakua roediing bypy eplieptidoch sachwatd

u dis ] wa sowrdnt = dospéiimi pacienty mohou

navic vrdadowat powttt specifickpch antiepiliep-
tk pra darg syndrom: 2 s |imich sérowvech
loncenmad antiepieptic. AF mahou rpldsabo-
vat diouhodobs redsdoud 8nky potion)ich
narrzkf moeek, Her s 12 rechienyiu wmak
mozhre tiind. Obtilond jo takd samomnd wy-
hodnooen! Hinkdoich: oramek: tosdcity o it
mjmena u kojanoll, kda mosd bt foenl Ime
efEentnihe roomad vyhodnooan ofrdasi
petini {1, 7 igraf 11

Teshotearshy @ kojens - bdhern téhotenstw
nacdrad! matersley sSeoed konoenttace AE pouss
loncenirad, kiord stanoaule erapeuticks a pli-
padind e ddoud Onky wbshotng famy, aviak
s miru exporioe embrya nebo fet antiepl-
leptialm uhanim matkou. Famakokinatia
mnoinich AF vvlamuje v pritbéiu ssholomaw
VT amidmy, a 1o v diskedia) bombinace fak-
tond vt icich eilimnon Fmaotnast, rmenu
slodoni séra {fyriclogicks hypoalbuminamis,
dpravu hemodynamiky, hormondind vy 2 @-
la3 vilw fotoplacantinl jpd noticy ra distribud
a dispoaici AF. Dochar k ovdkmant atmcorpee,
vazby na sarowd proteiny a distrbuc, mata-
balizmu | enalni eliminaca. Wi bthobenstvl
sz U jpdnotivch AF IR, 3 takd ol iichio
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amin ja rlizng e jednotiemi paciontkaml
TOW provacdeng bshamn iéhotanstel ma pro-
to 2 ol Indwvidual ovat dwlowani AF poemiocd
dantfilkacn arén farmakokinetiky naozn
tahotenstwim Ohed 388 wyorermna v piipods
lamatrigin, kdy snitenl koncentrace v dirkadlu
Indukre glukronidace mitda wist ke vstand
frekvencs mhciratil. Maopek po pormndu dochas
béthem: 10-14 dnil & dprave farmakolinetloy &E
do prekoncepénich hodmot 2w pipads setndn
divok AE meptemich béfem tihotensevi mide:
diogit k dosaloni ioeidkech konceniracd. 2 tofoto:
difwndu o TOME Dpraws daviy antie pleptik m-
|ména preni 2 Hdry po ponodu wiio eietrd
Melz rapomirat anl na teatogennl foko AE
2 fo zejména u kysaliny valproow, ke by mak
bet polud moina z teapie epilepsio wo el
nim o vidoutsra. Fo ramnen| mdte u deii
fan 3 epiiepsll poleztovat snparice AE cestou
matefiotho midia. DhE o viak AF vystaveno
witSinou i} po cedou dobu heshotenst amph-
oemtamim pleshupem, a o obvlde we wwilich
korcenizacich, Kojenl ma ravic jadnarnadng
Wi &l poetivnl viianaen net rid ka spojerd 5 daktn
expozid &F a profo e v soutrnd dobd abeoms
kojani u on, kies uival A, doporutoyana.
Flzmatickd konoentraca dangha AE e u ko-
Jerech détl ravield ra nédolica fakiomch, a 1o
na mrodshd Behva vwiotovanshio do micka,
mnadstwi mkika peodukoyaraho mathou, mocd-
shyl AE pitfatdho didtem 5 matetskem miskem
iz namledni talad absorbowardha) a sdopnos-
b e pajte AE eliminowet, ko miis bt
U nowrarenol 3 kojanoll snitora v vkt
na zraast aminupcich ongand 2 adeasvotmim
stzreu dibdhe Lipofiind AF » minimalnd warbou na
s protalmy ke procaes]l do matetsksho
migka {primidan, levetracetam, gzbapaentin,
lamoirigin 3 topiamai], na rmedi od &F sind
virargch na staoest proteiny (kyselina valpro-
owd, fenaberbital, feryioin a lkrbamareping
Micmsini, Bmis najou popiscwny nedidoud
deinky u kojerdch détl po expozid AE castou
mida, s vijimiou néknlica pApadl sedam po
barbRurtterh a beroodamepinech. Ke Zsiond
mspooice kojensho dEfte AE uttvarsho: mat-
kow jo moing pouH nikallk meboad, pho jo bre
T pomir (nebrtvmi poméer Biea v mainfdam
midoaa v plazmia matioy, kierg wiak e ukan e
pomir med dwima kompartmanty a reussdl
atmoiurinl daviku thva phjptou kojemsm diti.

bam), staresan | devond ddvwy ieva pifiendho dte.
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e v mior lavidéng v procentech berapautica
davdey pro kojenoa nebho v prooenizch maioto
divind, mebo unlenl expostnifio indow (pomis
koncentrad mkkka/plirma a dezano kdva
u ditis) Jako nejplenisl mebods ja wiak -
déno montonsan koncentad AE u knjempch
dét], 2 to zejmara v phpadé Hinldepch poEH
Jako ja sadacs, Fhoetand sani a Hwot-oheotupd
rmh{l, B-13L

Shelfi — vt maorbid k2, non.complanoe,
warabilni ra wiloy z2atld sminy farmakody-
namiky 2 farmakolnetiky 3 ovidand praede-
podobnost eovich Interako oty bazpe:-
nast a Bennost jak AF, tak soubiing uMvand
terapie T divodu sitenl perfuza | abjamu
Jatemi tkdnd md2e bt u ndktarich Bt sniben
hepataini first-pass oficks, co? mikde zplsobe
Zwyend biologicks dosbupnash. Wznamng
zmiény ve shakenl organizmue wadoo u Bpofil-
nich &t ke mvgten] distribastriho ohigmu Ped]
s prodiowtenim eimiratniho polotasg, w ke
2w mapusingch ve vods so roopak Yd zman-
Luje 5 wilem e snifuje hepatdinl dezrance
nékiarych lathy, stajnd jako rardinl admeca
Kedndrfowanl complance (poddivoorsini, ple-
davkmnen, cpabdéng e divky £ fna amiany
dapotansho divkovache refems) jo ve £
fohd a wera ks rrEndm wéroypch korcenbad
AE 2 tim k odbing Einicha odpowedl. TDM ja
k idantificzcl non-complance utaing, mo-
sl it wialk provddéno s oherfetnost], jellkn?
wikoes mwviske endny v absorpol 2 we varba
n2 s proteiny mohou nepodoboeat W
non-romplance na séeowve komcemrace AE.
kawks u AE vysomm vazzngch ma s protel ny
miide bt udtetns stanowenl volni | nev zns
fraloce. PRl mier prettad narmd Fengch konoenirad
= tieba tala vt v Ovahu, 3o tabo shuping pa-
chenhl milks prokamyat refenou farmalody-
namickou sereitvity k uHvangm AE, 2 proto e
terapeuticed 2 bxdckd 02inky mohow projevE
ph redabivmd nidcgch koncentracich 1, 141

Fotologick? stavy - amorpog, ditribuca
| flimirace AE mohou byt znasnd ovlnmssy
zmiéinami homaostiry, rplisobanimi ftadou
onamaocnénl, wietng hepatainiho mebo re-
nainthia salhanl, satkpch infekod, popalanin,
mozkowd pithody, srietniho weliFdnia daltich
starall. Eroemd zmén rpiisobenych amobrgm
patalsgickim stawem, letiva poutand k k-
bé chio potily mobos zpdscbonat interakos,
ktend bzl wedow k ovivngni komcent racl AE.
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KMonEorosdn] séeovich koncentrad &E napo.
maha inikiim iderefikovat tyto farmakoking.
Hicks zmmy a umodiuje provdst odpovida ol
dpravu divkowdnd. WV plipadd zmgny Hinic
kdha stavu, Bbard mibde wylstl v cwlmans
vazby wysome wizargch AE na sémowe probel-
ny {mmjmana farmytain a krselina valpooes,
z nowej%ich mahow byt vhodnmsmil lkandidaty
stripantol a tiagabin), je wHodne anafyzoeat
volnou inesdzanouy) frakcl AE. fednd sa o stavy
vedouct k hypoalburminamil jrapt ehoterst,
shiN, cnamacreinl jater, chonoby kedvin atdly
strey spajeni s umubd endogennich bitek
vytdaiu|icich AE r warby na wirosd probeiny
a2, urdsmie) 3 soubddng udtsani ke, Eerd
soulitH o shejnéd vazebnad misio. Mnoho AE e
matabalerwano v jdtrech a hapataing ona-
mocnnl mts oviknE J2k jefich vidutiowdni
z aganizmu, tak warbu ra wirond protoing
Bohuial, nesxibuje jasng endogennl markar
k objgktiwirad hapatiinich funko s ohledam
na gliminanl kapadihu jednobrepch ek 2mi
Jednioduchy teat b Srolkdema kinickamu usg
Ity oy miottore | Opaa dikowind u pad-
el 5 hapat sinl dyshunkel ¥ toenta plipads o
TOM rexshupiteingm pomooikem, s5ejns B-
b skupiny AE vrluszwamich Sastaind nabo:
primirna kedvinami, jejich? konoeniram sivis
myména na rendlnl dearanice a tedy funiko
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nemdmdm mnafshim encbarbhtah, same.
— hloding die rowokdy
eicpial

ledvin. TDM milte t2ké pomod phl Opravs
daviy AE, kiend jo efektvni odstrafiowdino
dialnon {1, 15

Dafompenzooe sacfvahl nedo suspelnt.
ol kol - TOM e L Rt Tk u paciantd,
u ktergch dotlo ke movuabjevan] zcheatil
po dlouhé dobs kompenzam. Pomiha Kan-
tifikowat potendint peitinu salfanl terapia,
a diferercovat mezl Spatnou compllancs
hypicky chzrakterzovanow wivazmgm kolbs-
nim sérovsch konoeniracy, kieed se mvyiu|l po:
kot breamiten podant AE) 2 nizkow séeovou
koncantrad lEtva zplmobanou zhortanou
absorpd, rychlous maabollmd nebo ldko-
vou Intarzicl. W plipads padentd, u ktergch
e podszient na intoxikach, skanoveni samve
komcantrace AF mitte pomoc] s pobstzenim
diagrery Intowikace (graf 21, nicméns ja teha
vzl na widoend, B rebyttersd nlzks komcanira-
e nawyhnuteing boio dagndeu navylugu|L
Monitoeowanl sésowvich konosntrad AE mi-
%o kake pomod k roaditend, zda jo zhortond
komiroby rachwvatll zpdisobera redosatetnou
dveou, & spita swidie] o perad canim shorterd
z difwvodu redmamaho pijenu AE [T

Imday v ietowd fovma nebo gesenicka sub.
stihwee AF - stanowvenl sérovpch konoentract
pred a po zméni kdow fommy AE nelbo ph ge-
narided subshtud milds pomod pt identfikao
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Fyriviogicka Bholansvi a poroc rerahe
difte @ jdno @ rapaisos piasi v Dvohd kafod
Pary. Jalibaf viak valkd witsna wSRomych fas
uriva Baham Bhomnski mdjakor madikaci of ur
r aivadr akvinio cnamocndsi nabe B3y <tm-
nicka chomby, @ @pch cpaynanov srosli, os
i@ ufivard ladivo barsadnd a rda by namohio pa-
shoocil jaich cosed namarorerd oid. Wyrobol Gk
vink caslo wdddii va swpch piibalovpch laiacics,
&k @ v Bholansivi konfranokran nabo ok
medgnin koty @ foba mdid whoonoti, o
meospdch z lGcby pfovid’ mad maksymi rzkey pro
po. Povismsl Kkak @ nicmamd paokniks GCE
napocan @&y mida v ndbw rych pfpadech otmet
jzk matky, faki ploc. Fikdadam ja hyoariarmia, ldy
rrysani Glkasnd mpioty maty nad 30°C mida pd-
S0t Bmlogannd (nacpet apicaoa mikarh Gkl
Ia skrpavy antipy etk B o matkr i pod rmonsis
bar patndl, napocdn mabo nahid v ysmasi antapi-
laphica mira ¢ hdhoind apilatidoy weeolal nabar-
paLITy apiapiicicy rachyatv ol i hyoood am-
brpa nabo pioduy, popi Erar vesikdy 7o va domi
a padam Bholra fermy mida vastk porandn ohoot
w laia mathy (4]

Mzind mralogamni Daniky bkl sa mialy inan-
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kkch nasidl wzmamy rawn B Rickoge. facaly
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W soptassd dobd sa v Caskd rapubliog wdi 2-3%
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SUMMARY

Development of 2 trestment of preanant wossen sulfering from cpiiepsy I the reglon of
Ostrava between the years 1991 and 2006

The paper discusses longderm ends in the milorstion of asticpiieplic drugs duniog
pregnancy and reports xn aaalysis of thelr coaceniratioas at delivery. The request forms for
rootine therapeutic drug monitoring aad coacestrations of anticpileptic drugs al dedivery
collecied between the years 1991-2006 were used as the data source. Monotherspy venses
polytherapy, the ulliizaltson of individual aaliepdicptic drugs and combisalicas, and
conceatrations were monilored in a2 group of 235 pregnancies within three S-year periods.
Moootherapy was used in 61% in @¢ years 1991-1995, in 68% in @ years 1996-2000, and
fa 76% la the years 2001-2006. During the 1® period, the most frequeatly prescribed ageats
were pheaytien, carbamarzeplos aad primddone, derag (he 2o period, carbamarepine,
pheaylola, and valprosc ackd, and during the 3% persod, carbamazepine, lamolrigine, and
valpeic ackd. Conceasralions were maostly under the therapeutics rage i@ an exception of
carbamarepiae aad primidone. O dala demoastrale 3 sigadficant shaft from poly- 0
moootherapy and from the fiest- and second-geacralion to the second- and Bird-genenation
of anlicpileptic drogs ia pregmant women sulferiag from epilepsy. The shift from poly- o
monoiherapy has lakea place 10 years later aad, morcover, the rate of moootherapy was
ower han ia Sweden but the resull was in 2 pood agreement wil the EURAP report. Our
results evideace a good progress ia ihe dreatment of gregnaal women suffering fcom cpilepsy
fa the cegion of Ostrava

Key words: pregmancy - epllepsy - anticpiicptic drugs - therapeutic drig moniloring
Ces. dov. Farm.. 2010 59, xxx-xxx

SOUHRN

Vivo) teraple LEhotaych 2en s epliepsil v ostravském reglonu v lelech 1991 a2 2006
Prace moaltore je diomhodody trend v poaliviad aaticplleptik b2hem IExolcasivi a slodaje jejich

konceatrace pfi porodu. Jako audrod informact byly poulity ddaje 72 2ddaack 3 koacenirace
antiepilepat stsaovend v rdoct ratina@o empeoticktho monilorovial pfl porodu v lelech
1991-2006. Ve skupind 235 tShotcenavi sme behem (21 p&iletich period sledovall pou?itd

@ooo- versus polylerapie anticpdieptiky, Cetacst viskyte jednotlivich antiepilepek | jejich
komdéoact & aaméfead konceatrace. Moaolorapic anticpiicplity byla piodepisoviaa v lclech
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1991-1995 v 61 %, v letech 19962000 v 68 % a v Jelech 2001-2X06 u 76 % Zhotnych
Nejvice uivanyme byly d&hem pevniho obdobd feoytoin, karbamazepin 2 primidoa, béem
mmumr«,&-mw-wmmm
amotrigin 3 kyselina valproovd. VaSes semdfeosch koocentract byla pod tempemickym
cemerim s vijimkou kirbamarepems ve viech periodich 3 primidosu v drubim 3 tretim
cbdodi. BEhem 15ktého sedovial jsme prokdrall sipnifikantal posun v ICHE epilepsic
Whotaych 2 poly- o2 monoterapdl 4 ¥ prvo- 3 drbo-gencralnich anliepileptk ma Miky drabé
a 2rti gencrace. Ve scovadal s daly Svadskych amiord dodlo © nis k posum 0 10 et pozddy
2 podil monolerapie Byl stile mdrn® niZil, aviak nade ddaje byly srovaaleind s sdajl EURAP
Vysdadky ukarn)i sprivay vyvoj teaple @hotovch epllepticek v ostravském rogtoou Ceske

s=pubdiky.

Kiitovi slova: ISholemtsl - epliepude - saticpileptita — torapeutichd monsoronand

Ces. dov. Farm., 2010: 59, ooe-xxx

Inrreduction

Epilepsy is a nearclogical disocder with 2 peevaleace
of approamately 0.5-15% in paneral population ™ and
women suffering from epilepsy have beea estimatad to
accomnt tor 0.3-0.4% of all pregnascies =, Until 1993,
six so-called old-generation (or fint- aad secomd-
gescmation) antiepileptic drugs (AEDs) (pheaytoia,
pheacbarbital, pnmidooe, sthosuximide, carbamazepine
-ul valproate) accounted for the overwhelming majority

of prescriptions wntien for the teatmest of epilepsy.
Since 1993, telbamate, gabapentin, lamotrigios,

topiramate. tingabise, oxcarbazepine, levaticacetam,
oaisamide and pregabalin (socalled sew-gensmution or
Mfummmdw)hwhnw
tor the treatment of epilepsy *. In the Caach Republic,
carbamarepine for focal (pannl) or secondarily
geacralised tomic-clonic  seizares, valproats and
lamotrigine for all type of seizurss when the spileptic
syndrom= is not precsely idestified, bat the type of
sepures i kacan, are recommeaded as the fing choice
of AEDs .

Treatment decisions for women suffanog
trom epilepsy are complixatad by the lack of evidence-
basad data oo the comparative terstogenic poeeatial of
ditferent AEDs. However, the most recent consensaas
guidelines isswed by the Amencaa Academy of
Neurvlogy. the Amarican College of Obsistricians and
Gysecologis, and the Intemational League against
Epilepsy recommend:

a) optimization treatmeast prior to conception,

b) 1o use momathemapy it possble,

<) to choose the mas eftective AED for the seours
type and syndrome,

d) to use the lowest effective dose,

=) to supplement treatmeat with folate,

f) to treat the child with vitamin K & beth asd
possibly the mather late in pregnascy for AEDs that
intertere with vitamia K.

Nevertheless, no recommendatioas related to
differest AEDs teratogesetic risk are offered ¥

can affect the phammacokinetics of AEDs at
all levels, absorption, distribution, metabolism and
elimination, resulting in  declining  plasma

conceatratioms of AEDs as the pregoancy progresses.
The alt=mations can be expectad but their magantude is
ditficelt to peadict. Theretore regular therapeatic drug
moaitonag (TDM) of AEDs denng pregnancy and
postpartam is recommend . There are oaly 2 fow papers
lolal".g-qlbedevekgmnthEDs therapy during
pregamncy. Wide et al. ' analyzad AHDs therapy in a
Suedishpopuhﬁnmunpenodo(l.’bwm From
1999 same collectad data of 42 countnies are available in
Interaational Antiepileptic Drups and Pregnancy
Registry (EURAP) *.

Loag-term trends in the atilization of antepileptic
drugs during peegnancy ia the region of Ostrava in the
Czach Republic was the poimary aam of ocur ssady, an
analysis of maamal concentraticas of AEDs at delivery

EXPERIMENTAL PART

Meahods

The request forms for routine therapeutic drug
monitocing and matemal AEDs plasma levels measured
ut delivery were wsed as the data source. The stody
savolved all samples from pregnast women treated with
AEDs and collectad in our department betwess the years
1991-2006. During three study periods (1991-1965,
19962000, 2001-2006), AEDs monctherapy versus
polythampy, the utilization of mdividual AEDs and the
utilizaton of combmatioss of AEDs, aad plasma levels
were -:hm Plasma concentrations of AEDs were
measared = chromatography and liguid
cluunmgwlly 1 Collected data wers statistically

analyzad by x* test.
Cohort

The study growp coasisted of 235 women. Matemal
ape and weight ars preseated in Table 1. A total daily
dose ot AEDs and 2 daily dose relatad to the body weight
are stated s Table 2 and Table 3.
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firt stady pericd wers phesyicis (PHT) (45345,
RESLLTS carbamarrpine (CEL) (24.0¢%) and primidone (PR

Monctherapy was wsed durimg the fist perind =
0l1% of women, during the second penod in 685% of
women, and i the third period in 76% of women.
Ugilizafiom of mosotherspy in the thimd pernod was
sigmificantly higher than in the first penod (p < 0005
{Fig. 1k Th2 most frequently prescribed AED=
independently of moao- and polytherspy during the

(335, dwring the sscond pericd CBE (50.50%) PHT
(21.0%c} and valproic acid {YPA) {11.4%), and danng
the thind CBE (34.5%), lamotrigine (LT
(24 4%} and WPA (2]1.3%). respectively. The most
widely adminisiered AEDs and combinabions in
relation io mono- and polytherapy wemre found denng
the first study period PHT (33 34%), CBE (13.7%) and
CBZ+PHT {13.7%), durng the second perind CHE
(44 450, PHT (12.0%) and CBE=YWPA (B.e%), and
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Table 4. A: Utilostion of imdisidani AKDe daring sudy persads; B: Ulization of monotherapy and comisnations of AEDx

Garing s dy periods
Az, 19911995 19962000 2001-2006
AED N(%) AKD Ni%) AED Ni%)
PHT 34 (453%) CRZ 53 (S0.5%) CBZ &4 Geen)
CRZ 18 24.0%) PHT 22 (21.0%) LTG 31 Q44%)
PRM 79.3%) VPA 1211 4%) VPA 77 213%)
e o 02 0%) PR 9 (Le%) oz 1 ia3%)
[« %3 4053%) L] 3(28%) PHT e 4TR)
DIA 3 40%) az 3(18% PRM 4G%)
ETS 207 DIA 2009%) ™ 124%)
P 1013%) ETS 10108 DIA 10.0%)

] 10.0%)
B:
PHT 17 G330 CRZ 36 (444%) CBZ 31 G108)
CRZ TO3TX PHT 1 (305 LIG 23 223%)
CRZAPHT 7037%) CRZAYPA 7 (5.0%) VPA 13 01204)
(LAY 3 (5.9%) CHZAPHT 5 (82%) PRM 1097)
PHT + PR 359%) vin 449 VIALLTO 1G9
rE 23.9%) LAY 3G VM CLZ 109
PHT + CLZ 2G9%) CEZ+PRM 3G7%) oz I0M)
“thers 10(196%) PHT 1B 2 C15%) CRZVPA I09%)
ceen 10(12.3%) CRZMLIO I29M)
CHZATIM 1am)
ot 11 007%)

during the thicl perind CBZ (31.0%), LTG (22.3%)
and VPA (12.60%), respectively (Table 4).

Ia all three study periods plasma levels of individeal
AEDs were mostly ander the therapsutic range
{estimated for noa-pregoant women) with an excegtion
of CBZ (during the first paniod 50% of womeas were =
the therapeatics ranpe, during the secoad pericd 40%
of women were in the therapewtics range, aad during

the third pericd 45% of womea were in the
therapeatics rasge) and PRM (dunag the second
pericd 44% of womea were in the therapeutics range
and 11% of women were above the therapeatic range,
and during the third period 50% of womes were in the
tharupeuatics ranpe) (Tables 5 and 6). Noa-detectable
conceatrations have been found in 6.0% of patients,
mast fraquaatly for lamotrigine followed by phenytoin,
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CLE & 0 R} % 1 (D) E: I (13E} 15 2 (13%)
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T - . 3 1 {30} 3; 1 (3L
all 72, 1 2T} 1, 30 Bl (L 125 34 ITE} 236 51 {TTE} + 1 (L3R}

M - il mumber of AFTh conconirsi o
Hl-nmbu'd.ﬁ.ﬂ:l:lrn:::d:i.iaumlhlhrqulic:qt
® — mamber nf Al conooniesiayn above e taraputs Tepe

carbamarepin: and primidone, indicating possible
nin-compliance.

DESCLESSI0MN

Ohar daga showed 2 significent shift over the years from
AFEDx polyvtherapy to monotherapy, which = & good
sgreement with the moommendations of the Sumernican
Academy of Memmlogy, the American College of
Obezetricians and Gynecologists, and the Intensational

Lesgme against Epilepsy ¥ for the ir=atment of pregnant
women suffering from =pilepsy as well = for the
treabment of epilepsy in gensral population 2. The re=xalt
of opur thind sedy pernod was comparshle with the
EURAP group ™ et the rate of v we found
krwer than in the kst dats set of Wide et al. ™ in the
yom= 1995 1'H7 (Table T). Earlier resules of Wide £t al.

showed monothempy of AEDs in the firt data st
(19731981 only in 4T4% of the mothers {palythempy in
533} mnd in the secomd data set (19341994
monotherapy wes used in 82% of the maothers
(polytherspy in 189%).

Carbamarspine was the most often used antiepileptic
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CHEIRIRS CHE Q3] CBE (355
Wi {1™Rd LTS 23500 LIS 24 F
PHT {1Z%¢ VPA C135E) WP (TR
drug in all three compared stedies, followed by Sweden who had excellent aocess to presatal cane '

l=muirigine 2nd valproic acid inthe ELTRAP © and in our
study groups (Teble &b In the sudy of Wide et al. 7,
carhamerepine was followed by valproic scid sed
phenytain due io earlisr time of analy=s.

Fla=ma levels of AEDs dwring pregnancy weps
recorded only by Wide et 2. ™ between the years 1985
and 1995, Dhurmg the thind bnimestzr, plazma
concentratons of CHE (N = 39) rangsd from 11 to 32
Emold (2 574 mg'L} with a mean of 20 EmolfL (4.7
me'l) and plsma concestrations of PHT (N = 22)
ranging from 5 in T8 Emolf. (1 3-19.T7 mg/L) with a
mean 2 EmolfL (5.1 mg/L}. The mean of CHE and PHT
plz=ma levzls meaared during our first sbady period was
simillar as that reoconded by Wide et al. '™, The resulis of
mur study conceming io the plasma levels s mor=
oomplex. and incheds T of primidone, phenoharbital
phenobarbital ax 2 metsbolice of primidone,
sthomuximide, phenytoin, valproic acil, carbamazepine,
spaxy-metabalitz of carbamarepine, clonarepam,
dizzepam and its metabolil norliazepam, lamotrigine
and topiramaie. The most of the meassred valoes weps
under the usmal therapestic range for non-pregmant
paticnis, which wes cansed either by pestatiomal
alf=rations in the phanmacokinetics of AFDx at all vels
{absorption, distribution, metabolism and elimination)
or by nom-compliance of pregmant women. Thess
changes oould be & reason for the faibare to atais the
expected efiect of AEDs breabment ',

In conclusion, vor dafs demorstrabe o sSEniticard shaft
trom A Els poly- tn0 monotherapy and firom the first- amd
szcond- generation AEDs (PHT., CHYE and PEM) to the
szcond- and third-generation AEDs (CRE LTG and
YIPA) in the teatment of pregmanty women sulferisg
trom epilepsy between the years 1991 and 3k in our
siudy group. The resuk = in good agreement with the
EURAP report . The shift from AEDs paly- bo
manotherapy has taken place 1en years later than in the
period described by Wide et al. ™ and, momeover, the mi=
of maonatherapy in the third perind of our study wes
lower than in the latest data set of Wide £t al. ™ of

Dmﬂﬂ:umﬂhmmyb:iﬂnl}eiwduh
and mar resaks could be gestational alierations i the
pharmacokinatics of AEx resulting in dedlining plasma
concentrations of AEDR aos pregnancy progresses ©
which comelate with the pleema levels under the usual
Ih:rq:u.ll:l: range for the most of AEDs m our siody

anti=pil=ptic drug {p-ul'l.'lh-:np:.-'l instead of dose
adjustment. For exampls, in the case of lamaolrigine, an
mcreased seizure freguency in the second erimesser was
aszociaed with 2 lower mbio of coreag LTG
concentration to the baselime target concentragion, and a
rafic < (45 wa o sSguifican predicior of seizume
worseming ' Meveriheless, our results in the third sdy
perind evidence a good progress i the ieatment o
pregmant women suffering from spil=p=y in the region o
Cktrava in the Crech Republic. Thempeutic drug
mroniloring of AEDs during pregmancy and after delivery
can be helpful to optimize the treatment in women
zmaftering from epilepsy in this period of wnstable
kinebics

Themprobic ramge

primidone: 5-15 mg'l.

phenobarbizal: 15-35 mp/l

ethosuximide: 4010 mg/l.

carbamarepine: 4-12 mgil. (in years 19901-3N )
4% mp/L (in years TNIZ 20k

walproic acid: 40- 100 mgyL. {in years 1991 2000
50100 mefL {n years 3112

CESKA & SLOVENSHA FAAMACIE, 2510, Sb, & 4
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CHZX — CHbamarrpine

CHE-E - cubemaxeping- L 11-spaonide
Lz — Chmarepem

[HA — diarepam

ETE — elhosunimide

EURAFP — Intemalions Anliepilzplic Drigs

and Pregnancy Regisiry
lamoirigine

LT -
M — BUmEET
mW-DA — seWliaxepem
FE — Frnobarbilal
PE-mel - phenobariisl o @ metabolile of primidon:
FHT - phenyinin
PRM — prmidaons
TOM - Swmpentc dmg meriiEing
TP — EofHremale
WFA — valprodc soid
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HLAVMI TEMA

TREME RRALYS OF THE LITILETAN O OF ANTIEFILEFTIC DRBES: W FREEMANT WOMEN WITHEFILEFSY N MOENYLLR-SIFXNN FESION

Trend analysis of the utilization of antiepileptic
drugs in pregnant women with epilepsy
in Moravian-Silesian region of the Czech Republic

Ivana Kaclfova?, Milan Grundmann’
"Department of Clinical Pharmacology, Faculty of Medicine, University of Ostrava
‘Department of Cinical Pharmacology, Department of Laboratory Diagnostics, University Hospital Ostrava

Aima Liztle is known about the corsumption of antiepileptc dnogs in pregnancy in the Czech Bepublic, partioularky for neeser
agents. Inour previous paper, we discussed kang-term trerids in the wtilization of antie pdleptic drugs during pregnancy in a groug
of ¥35 women between 1991-2006. Curren gy, we continue to investigate the long-term trends in antiepdeptic drug use in preg-
nant Woaner.

Mathod: A retrospective study analysed data from 208 pregnant women receiving antiepileptic drugs betesen January
2007 and May 016, The request forms for routine therapeutic drug monorning were used as the data source. Mono- wersus
polytherapy, the utilzation of individual antespideptic drogs, and the utilization of combinations were analyzed dunng two
perods RIOF-2001, 2012-2016) and the data were compared with our previcus study.

Rasults: Monotherapy was used during the first period GDO7-2011) n 832% of women and during the sscond perniod EF0E2-3016)
in &8% of women, which was significantly lowes The mast freguently presorbed antiepil=ptic drugs were lamotrigine, valproc
acd, and carbhamazepine during 207-2011, and bmotngine, levetiraretam, and carbamarepine during A012-2016. Carbamaze-
pane -+ valproic acid wes found as the most widsly administenrsd combiration during 20072011 and bmotrigine + levetimortam
during 20N 2-3H6.

Conclusions: Our study demonstrates the long-berm trends in the utilization of antiepaleptic drugs in pregnant wormen with
epilepsy. A significant shift froom phenytoin, carbamarepine, and primidone to carbamaee pine, lamotrgine, and valproic acd
was found betwesn 1991-2006, and from lamotngines, waldproic acid, and caorbamarepines to lamotrigine, levetiracetamn, and
carbamazepine betaeen AHF-2016. Presoription of valproic acd has dedined during 2007-2016 with an increas= in the use
of newser antiepileptic dnags, which is concordant with the current recommesndations.

Koy words: anSepileptic drsgs, pregrancy, monothierzpy, polytherapy.

Analyza vyvoje pouivani antiepilsptik u tehotnpch Zan s epilspsii v Moravskoslazskam kraji

Cik Informace o poudivéni antiepileptik béhem téhotenste v Ceské republice jsou omezené, a to rejménas v plipadé trv. nowych”
antiepileptik. V nadi predchozi prici jsme prezertovall dlouhodobs trendy pii uinvani antepileptik behem tehote nsti v soubonu
235 Fen w roomezi let 19912006, Myni predstavujemne dalsi roebor wyvaje podawani antiepleptik v tEhotrach fen.

Matodar V této retros pelctivnd studi jsou analyzovamy ddaje 208 tEhotrajch #en ubivajicich antiepideptika od bedra rokw 2007 da
kwEtria roku 2016 riskang r= Zadanek pro rutin tempesutcke monitorovani Ve dvow obdobich RI0F-2011, 2012-2016) je dedowan
wyskyt mono- versus polyierapie, pousivani jednotinrpch antiepdeptk a jejich kombinace. Ziskana data jsou porowana s wyskedky
nafsho piedchoziho vyzkuma

Wysladbon Moroterapes byla pouzita behem primiho obdobd RI0F-2011} o 3% f=n a behem druhigho obdobd R0T2-2016) w &8 %
oen, kdy dodlo k signifikantimu poklesu. Nejcast&l uivamymi antiepileptiky byly lamatrigin, kys=fine valproova a karbamazepin
w letech 2HT-2011, a bmotrigin, kevetiracetam a karbemazepin v cbdobi 3012-2016. Karbamazepin+kyselineg valproova byla
nejpiasiEfj predepisovand kombnace behem 2007-2011 a lamotrigin-+levetiracetam b&hemn 2013-2016.

EDRESPOMDENCNI ADRESA SUTDRE: hana Kaciiond, MO PhD, Ivaraladmsssonnrs Ot i 0N Farmaikod Farm 20& 3007 23189
Cepartrmant of Dinical Prarmacology, Faouty of Medidna, Unfeardty of Osisna CEnak piijat redelrt 15 & 2006
Srilabova 13, TIE DD Ouirana Cidnak piijet k publibact . 7. 200

erww dinidafamalologinc # Kin Farmabod Farm 206, 3007 2338 § FLIMECOCA FARMAKDUDGE & FARMETE 23



¥ HLAVNI TEMA

TREMD MNALYSE DF DSE ST LLEAT NN OF ANTIEPILEFTIC DRUGE 1N PEESKRNT WONIEZN 'WITH EPILEPST IN MO I LAN-SJLE SN REEION (07 THE LIELS FEAJILK

Zawiny Tato studie demonstruje diouhodobé trendy v ufivdni antepileptik u tEhotrgch epileptitek. ¥ letech 1991-2006 dodho
k wyamamnemu posunu od femytoing, karbamazepinu a primidaru ke karbamarepinu, lamotriginu a kbys=iingé wlproove a mea
raky J007-2016 od lamatnginu, kys=hiny valproove 2 kesbamezepriu k lemotrigicu, levetiraoetamu 2 kerbamazepinu. Fredpis
kyseliny valproows byl v obdobi 2007-2016 snifen se soutzsmyym nandstem poudivani novych” amtiepil=ptik, cod j= ve shodi se

soucasnyTi doporuterimi

Klitowa showa: antiepibz piika, tehoterstv, monoteapie, polyterzpie.

Introduction

Woman with oplkpsy ane advised o oon-
tinue antiepilepnt ic dnegs (AEDs] during peeg-
narcy 1o educe matemal and fetal trauma
2asodated with setoures. On tha other hand,
thie goal of tmeatment with AEDs during presg-
n2ncy & optimizl setnse control with minimal
o wiern fiotal agpowne: o AEDs In an =ffort ta
mduca tha rsk of structural and meumde-
welcpmental teratogenic effects (1L Data
froen pregnamcy regbines have conshianthy
showmn, that walpmic acid (WPA) B aacciated
with a greater nsk of fetal major comgenital
malormations (MCK) than othar AEDs In
monoctherapy 25 well 25 In pofytharape. Tha
risk of teratogenic &ffects of AFD appean ta
ba dosa dependant, which has bean most
dearly demonsirated aso far'vPa @ On tha
ather Fand, n o prevics. sbudy we found
2 sgnificant invarse omelation between birth
length and weight ard maiemal and umislical
cord VR concenirations, but rot dose {33 Tha
kmoradedge of the teztogenic potantial of
newsr genaration AEDs otiwer than lamotnigh
na {LFG) s imied. Data onlevetraoatam {LEV]
are acosmidating, and 5o far suggest MO -
tas similar bo thoae seen with LTG ar carbama-
Zepine (CHT] whormas signaks indicate highes
raten with toplramabe (TMF] (7] Maragemeni
of epllepsy during pregnancy continues to ba
chalanging akhough recent studies provida
high quality mfosmizion to guide cinical dec-
siom making. Conchndons from these shadies
minfiorce the following. Fiest, WP use should
ba awaided In womsen of childkaaring age
wisneser passbla. F 2 woman's soirurs cin

oty ba controled by VEA after 2ll masocnable
AED alpmatives Fose falled, teen WRE shou-
id ba 1=ad at tha lowest dosage pomible to
obtain masonable setrum contol. Attempts
should be mads to maintain vPa daily dosage
<F00mg per day. Second, the mombar and
dosa of KEDs during tha first rmestar sfould
ba minimized bo educa the dsk of MCM for
tiee dewalaping fatus, whie man@ining i
nne conimol besad on tha Individual s epliopsy
charactaristics and target concentsztion. Thind,
L5 and LEW, Inmionctherapy and potytherapy
use, are oomparatheely ke teratoganic and
@ therefiors consdered favarable drugs for
the managamant of epilapsy during preg-
nancy. Lastly, therapeutic drusg moniboring
In some: patients may halp presant setzure
daterioeation during pregrancy (11 LEtk Is
lvoemn 2bout tha cormumption of AEDS In
pregnancy inthe Ceach Republic, parmicubirty
for ,newar AEDS. Inour previoun paper we
discissad long-tem et In thie ubilisation
of AEDs during pregnamcy In a group of 235
wasrmsen within thres 5-year periods betwesn
1991-2006. Monothezpy was usad In 81%
In 1991-1%95, In 8% In 1996—7000, 2nd In
7E% In 3001-2006 During the 1™ period, the
most frequently presoribed AFDs were pha-
nytoin (FHTL, @mrimmaeping 2nd primidone
(FAM], during tha ™ period, carbamazani-
na, phenytain, and valproic acdd, and during
thee 3= pariod, carbamazepine, lamatriging,
and valpmic add The data demaonsiraiad
a sigrificant shift fram paly- 10 monaothespy
arvd fromi tha first- 2nd second-ganaration
to e second- and thied-generation of AEDs

In pregrant women suffaring from eplapsy
(4L Cumantly, we conbinua in irsestigation of
long-term trends In AEDs LG In woman with
eplkepsy during pregnarcy batwesn anuary
2007 and May 2TE.

Method

Thee metmospective study sabvsed data
from 208 pragniant women with epllepsy e-
cetving AEDs at the time of deleory batwoan
lanuary 2007 and May 2004 The equest for
ms fior moutins: thesapeutic dnag mantonng
[TDM] In UnksersEy Hospital Osirava (Ceech
Republic) were Laed as the datz sourre. AFDs
mocres- wersus paks-therapy, the vtlcztion of
Iindhvidual AEDs and the utikration of oom-
binatiors of AZDs wers anabyred durng teo:
study parods 2007-23011, ANZE-A01E) and
datta wem comparad with cur previous sbudy
L Siatistical analysks wa parfiocmed wsing
GraphFad Frisn version 5.00 for Windows,
GraphPad Softwara San Clego. CA, USA;
wwwgraphpad.com) The Dagostino and
Fearson omnlbus romality tet weon applied
foo test F the valuss coma from a Gaussian
distribution. Theseafter, wa used the unpained
r-test pwhan the values follow the Gaussizn
distributiony or the nonparamatric Mann-
Wiitrszy best for the comparison of tha diir-
bastiors: of two unmabched groups, and ako
Fhfiers exact test. & valug of p « 005 was
considered stathtically sgrificant. Maternal
age and weight are presented In Table 1. For
tha traatment craracterstics, see Tables
ard 3 fictal dalfy dose and daily doss mbted
bo Hher by waighi].

Tah. 1. Thawacterincs of ohort-maotenst age feory) and welghit kgl companson with oo previons sfudy ) weighit o sot Been recoaded in all oeses

H 20072011 g | AOR-PEmEInEED | 20072018 W | 1EE0-2006 4 meane S
e = S imed G rEnga e L Tang) eaan -+ S0 ymesslan ranga) s kar; NG
o M= IEel .2
s | 7 3% 147 - {7, T} = 8. 1843 = Ok 1647
TLt12 E413 T3 =
waigtikm | T P 4B T o (7R 56 T35y - e 4B175 = 7543134

e oz CaDNONCN : D200 varmLe. 194712006
s L0 -0 varn . 310 230
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Tah. 2. ool dofy dose (mgh of antepiieoic dnigs and compaTion with owr previows siuch & wilses for nof been reoorded 0 ol oosey

BED N 273201 N 2E-I00E N 200F-20E N EERN-00E oy
maan & 50 [rangal m&an & 50 [ranga e = S0 (range) mmaZan + 50

EmoTging 22 250 -+ NOE (00, S0l 45 3N -+ 134 Q25600 7 I+ 173 25800 7 2 = 13T 25500
Velpmic a0k 34 MAE + 355 ETL 150 2| 9 =458 200, 2000 | &5 TH-+ 3 (151, 2000 13 Tar & 137 G305 00
carbamazanina | J1 SEd -+ 2B (150, 900 = S = W7 ;B0 5 S + 1ES (151 WD '.-l B2+ 30 (150 100,
ks iaiam 4 1313 EE G0 000 5 | TS o 0TI SO ) 32 1506 = H8Y (PRI S5
nopid Tals & T &5 (25 300 T J 28 {150, 300, iE] 194 & 2 = 300 ] 2313 £ 152 {100 400
ChonanapaITi 2 152 13 340 L 09 +02 02 20 2 13+ 120240 ] 13405 0520
pharmsioin 1 100+ 0 {00 WO r 100 -+ 0 {1000 TNl | 35+ 135 (0 1000
ronésamids 2 EI5 & 35 00, 55 2 535 = 35 (900, 550
primidcma 500 1 L] B A & 320 [135; TI0y
Ehannbarbeal B 123 & 144 (G35 400
Eh LTS 2 7D & I S0 W20
dEEpam 3 234 10 EL TR

o« DI, FO7-20 6 vame 190 005
o B0, 2000731016 varae. 1790 2005
i o e FONIF 3T worss I2-2016

Tab. 3. Daildone of antepiopic deugs efoned' b dhe bocy welglt fmgeig) and compontson withowr previos studhis: wolkues fios nof Been recosded! in ol ozse

BED H 27201 M MNZ-HE H »0T-H6 W B 1-100E
e 500 | ranged maan £ 50 [ranga maan £ 50 [ranga maan:Sh rangs
moiriging 1 31 1ANLESR 43 A7+ 15 04T o I+ 15 0T a7 ATz L0 0L 6D
valpmic add S 03 £ 5417 320 L] 174 6.5 30,356 a4 BB + 57 {17,255 37 103 + 473531 T
abamazapira | 1 5+ 24 2R T3 ] E8 + 15 &.T; 140 3L 20+ 25 (23 M0y i To=13"E Bl
lewetimmiam i TE + 114 {EF 3T ¥ Tk = 7 @&l 46.73) o 104+ TEOET 46T
o Talks & hEE R Ll 2 ] T IT x0T (15315 LE: &= LODEAE F LE+ 24 [LL45
ChonamapaIT T [UIRT = 0304 {000 050 3 209 -+ 0mO 10 007 + 023 DI DO g OOIT +i3005
MO, C 0N 00, T
phanyinin ] 1503 {15 15 2 1LE=03 {13 15 4E d0+1A0LTLER
i z To=0d|ET T a 2 To=0d|ET T a
primidcns [ &3 1 B3 B’ BI+31 511
phanoterbesl 2] Ir-E k-] el ]
ehosdmics . El + X3 5.0, 0T)
e 3 oM -+ 003 0 0UE)
D < DU 2007 -SAT1S v 1 T -200S

=p = RlEEd, JNI7-TH6 vare. 170 200

Results

Moniatharapy was used durng the first
panicd [R007-2011) in 53 % of wormen 2nd du
ring tha sacond pariod E012-2016) In 58 %
of womaen, which was significantly kowes (p
0.0 (Fg. T Tha mot leguently presaibed
AEDs iIndepandently of momo- and polythe
A0 SEL VP (262 %] ana (BRI
{153 %] during the fird period, and LTG 352
%), LEY 5.6 %) and (BZ (136 %) during tha
seond period. CEZHVPA (25 % was found 25
tha most wid efy administered comibination of
AED i the first perod and LTG4LEY 37 5 In
thaserond pasiod (Tabie 9 Sigrificantly higha
total datly doses of LTG wene: 1mad during tha

Ty R L

serond pariod In companson with tha first
pariod [p o 00d) s well 2w in the som of both
parncds (p < 005 compaed to our paevious
study In 1991-2005 (4L Ukewia, significantly
higer total dailly dosas of CHE |« 0U) war

prescribed In the present study {taibla 71 Caily
dose rebated ta the body weight imgrkg) weas
saan significant by higher 0 the sum of both
pariods |p « LI compared to e previous
study In LTG and higher (but not sigrificanthy;
o= 00553} In (22 (able 3} Any differences was
not found In e dosage of Web. Tha patiens
w2t average oidar of shout teoyears inths
prasent shudy {p < 00T 2nd hane bad highas
body weight {& < DU In the second period
compard 1o tha first perod fable 1) Trends
In tha utilzation of AEDs diring tha wholo
-y perind (1997 -2015) ar shown Inifig. 2

Discussion

Managemant of AEDS therapy during preg
nancy continues i be challenging 2nd onche
o from: necent sourdies am knoven [T Tha majos
Rl i that owerall the increass In the iskwith the
frequenty usad antepileptic drugs CHZ 2nd TG In

manotherspy s not 25 great 25 previous by ought
butis dapendant on: the doses. On the-ather hard
VPA b amoczied with the highest mies of fata
major corgenia| maiiormations than other 8E0s
in morotherapy 25 wellas in part of polytheraps:
foliowad by phencharbita FE) and TPM 5, 5
Hrvsrser, e privalence of AHDs presoibing be

o, duning and after pregrancy vares betwaen
dfenent regiors of ELmpe and ko in the word
Databases in Dk, Moreay; tha Metherands
Haly (Emilla Fomagras Tuscary), Walkes and e
Cinical Practice Resaaech Datalink, epresanting
thi rest of the: Uinfted Kingdiom (L), wees analsed
batwesn 2004 and 3010 In Denmark, Moy and
e Evwecs 1L cha e ITTS vt et coommion

by preeribad AFC: whoess In e Methodards
and Rl mgiors, THT, WA and usprsngiy PE
warn most frequently wsed 7 2,099 pregnant
waman wane enmliad In Flendasiedicaid] from
1995 o 2008 2nd expmad o AEDs duning predg

25
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Tab. £ A utitesdion of incdradiuct enbepleptic drugs dning hwo study pericd’s omd comparimn with st S peovs of oo peevious Sedy @), B- wiltnation of
sombination of antepietic drugs duning two sudy pedods and comporizan winh first 5 yeors of our provious study )

= 20072011 INI-2016 1961 HHE o
EED H AED M iy AED H
LTG 57 404 % LTG & 592 % FHT AL I
WE 7 g61 W LEY o AW CBI 1 05
[5:F3 TR [ EEEET PEM TEE W
Lz 01 ) Vs, 13 (1045 B £ (20 %)
TP 543 % TR T EEE oz 453 %)
LEV L a5 oz LT oA T
PHT 4% IHE 3165 ETS 3T
M 107 % Dt 108 % VA, 1035
E:

CHI-NPA 5 (35 % LTG + LEW 1137 %) CET + PHT T
CHI-(1T 100 % CEZ = LEV L131%) FHT + PE 3 155
WORILTG 30w CBZ + TG L PHT = (LT 2 109
LTG+LEW 20 % VoA, = LTG 17 PRM +ETS 155
CEZLTG 15 5% LEV + OULT 17 CHE +DiA 15 %
CECTPN T ) LEW + 176 I FHT +ET% T %
LTG+0LY 1 5% CEZ + TPM 13% FHT = PRM 155
N PHT 1% CHE & WP 158% [ET 4 PHT + PRM 15 %)
VR TP T VB, = LEW TE% THE = PRM + DUA 1%
ML TG LEY 15 5% VPA, = Dl 13% PHT 4 CLZ + OLA 15 %
N L TGS TPM 1 5% LEY = TP 13% CEZ + PHT + V7% + PH 155
CEZ-PRMALIG TE 5 VB, = TG + LEW TE%

CEZAPALILT 1E%)

mancy Tha serulbr trends for AEDs 152 Inpoke- o
maonotheragey did niot significanthvary oven time
| pofvtharapy wos 575% In 3000 and £33 in 20059
Tha 1ao of first-genemtion A5 demeasad, who-
razs the 1ee of sernd-geraration AT inaesad
CHZ, PHT and WF& wer the thise most frequentty
wad AEDS In pregrart womsen from 2002 o 2004
I 2006, TG replared CHF s the most fregusantty
L A5 I 20017 LY surpeemad WP and beama
the mmost frepuently used ASD ned o LTG L THe
waorth Amancan Antiepliantic Drug Pregnancy
Regesiry errcllad bebwean February 1997 and Aprd
2014 2 total of 522% pregnant women who werm
takdng A Of these participonis, 5637 (54 9%
wre zhing an AHD 25 monotherapy In the firs
trimesiar of pregrancy. LBy, LTS, TR and (B2
e the most Treouenthy used AEDs 3 A Coniral
Regisry of Antieplaptic Dnugs and Pregnancy
ELRAF) acourmushio data inm 15999 and the pro-
sant eport b basad ondata vaibhie by May 71th,
MNE & toml 12,256 prospectiee pragnancies ae
nchxind in this mport. Of the pregrondes, 5508
BOZ % Imvoivnd women on a sngle A, 1,048
55 %) wang on e AEDs wnsias 341 2B %
ook thiee AFDs or mom Tha most frequently
presoibad AEDs wea LT, CEF, VP and| LEV 2nd
the xmbinations | TGHPA, IFGELEY and CESH BV
{10 Pregrant womsn with eplkepsy (W = 555 avo-
kad in e fersialion Regison of Antiopileptic D

S ELIMICEA FARMARDLOGE & FARMACIE # Khr

In Pregrancy during 1999503005 were companed
with the mrespording data for e 301 women
enroled from 2006- AN 2. AFD were Lead i ma-
notfseapy mone often Inthe 200630 mhort,
and tham wern statisbcally significnt rcuctione
Iri the ries ot winich older ASDs fCHT, Vol PHT
and| gebapenting wern prscribed for tha preg-
nant wormen, though miss. of presashing LG and
donaesrem 017] remained| eirtively uraftensd
Compemating for the faling presoribing mies for
may of the alder” AHDs, thene wem statshically

significant InCreases In prescribing e for LBV
and TR&. Thenewers no: Satisically sgnifiant dies-
atom in rmean doses of any of B drogs wmed,
auept for VP, forwhich the mean daily dos ol
from 1061 + M mgedy io 728 + 399magyday (11
Tz cowmtry's. differenoes In presorbing) patterms
may suggest diferent e nowiedoe o Inter-
pretation of tha sdentfic evidenra basa (71 In
owr presant study the most fequent y preurmibed
AEDs werm LG VP and TE batwesan 200731011,
ad LTG5, LEY and) (BT during 201 2-2005, wharas
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TEEME AMELYSE OF THE LITILLCATION OF ANTEPILEFNIL DETES M FREGHANT WOMEN WITHEFILEFEY M MOEAYLE RS0 FELNN FESKN OF THE CTECH REFLELI

Agure 2. Feratsin the e of anfiepifeptc digs between tenuary 1957 amd May 2006 et ception
of dizrepam, etheandmide and rondsarmide, wfucf utizonion was onder 59

peCeRaEe | W)

PHT, CBZ and PRl wae the: minse empuenty used
AED (8 In the beginning of the wiolke 35 yoars
sy pariod ftabile-2, figus 7 Tha el s ingood
areament with Inlemational mommendations
{11 On tha othar Fand, monothempy wes wad
during the seonnd shedy perind (0I2-2015) anky
I 2% ol wmrmin, winkch wens sg nificanty kower in
compartan with the first shudypariod Ro0r-2001)
Kawert ks, 209 of Al omibinations prescribsed
during tha second| pericd contained LB, LTG on
both Sgnificantly higher doses of TG and (B
won usad during the present Sudy (FDOF-200E
In mparsanwith the prrdous sty 19912005
{1 Any differonce: was not found In the dowssog
of WA, tha maan daily dose wes TR+ ¥EmgF
day during JD0F-2005 verss P57+ 337 mgiday
huring TN 2006 ), which k in agrsment with
tha fustralinn Regisher (1) and sightly highar
ompared o Imaraboal reoemmendaions

11 Fipmiciogical changes: during pragramcy 2l
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tmr tha phermaokinetics of ABDs, which may
reesuilt I oweey ook e soinne: diotierioration 1)
Fragnancy oo afiect the phamacolinasos of
AEDs 2 arw bevel from absomption, distriuson,
metabolisT, o eimiraton. The effects of preg-
Nancy an SeNAm noeniTations vany depending
on the bype of AED and dfferabn iInd wmduoliy and
am thus difficakt 1o predict. The most promoun-
md daching In serum ooncentrabiors. & seen for
AFCxs that 2m ehminated by gucscnidation, in
parioular LG whemna the effect mery be profound
Sarum concantrations of AEDs that ane daorad
mirky through She kidneys, for esample; leset-
ramtam LB, can ako dedine sgnificniiy (2-14)
Polythasapy makes it even moss diffio.k to procict
the coursa of AED-oorcenbations during pregnan-
. Tharapoutic moniosing of AFDs k effledte in
prvening sinse deleroation for women with
epilapry during pregnancy. inaddiion, manioning
of &80 levaks in tha mother and he neonate at

ralcord - cowrei Eon with bith ks s & and weghi. Bormed
Fap Wi Fac: Uit Palsciy Ciomoe Cmeb Bepeh 3115
S - AT

& Karivova | Dareirase A, oo s B, Boueraeeys H O
aninpes 0! i el of pregran. o afienng o
P e T o Dyl b e e . PR A
TR, Do il s POO0 Tl 1071

# ¥Kiin Farmzbol Farm 20ME 3007 2370 F FLUMICCA FARMAKDLDGEE A FARMECE 1T

birth fthe umbilical cond] serees 2 a doser uno-
gain markar for fotal expoos [, 15-17)

Conclusion

Cur shudfy demorsirates Ibng-termitrends in
tha wtitration of AFDs In presgnant wormen with
eplepsy. A significant shift fom FHT, (BZ and
PRV o CET, LTG andd WPA ves found bateman
1954200, and from LTG, Vel and CBX 101G, LB
argd EF bateeen 3007206 Prescriphion of the
AED with the highest eringenic risk (WFE) o
dedined during 200721 6 with an ncrexain the:
L of Jreveer AEDH jmost notably TG and LBV
which s conrmedant with curment e meme no.
o On the other hand, monothasaoy hos deanes-
sard with an inomase In the wss of LY Theapeutic
dnsg montoring of AEDs durtng pregrancy and
aftier delwery can ba halphil bo optimis tha te-
afrmeant Inwomen sifiering from eplepsy in this
pariod of urstable kinetirs. Expacally, the tog two
mst fequent by usad antiepilaptic dnags LTG and
LBy wrhich horva incromed dearan m with conges
in plema eveh duing pregrancy, equing closs:
monitoing.

Abreviations

AEDs — anbepileptic drugs

(BT - carbamazepine

0.7 - donammpam

DA - dazmpam

ETS - ethoandmids

EURAF - Intematicnal Antispiiaptic Dnags and
Fragrancy Raglsry

LEV - levatirmcatam

LTG - lrmotrigine:

MCM - major mngenizl mafformations

M — ramber

FB - phancbarbeal

PHT — phemyioin

PRM — primidona

TOM - therzpestic dnug monitoning

TPM — Eopiramato

LK - United Eingdomn

VPA —valproic 20d
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KEYWORDS Summary

Lamotrigine; Purpose” 'We follow ed up lamotrigine transport through the placents and analyzod matomal and
Therapeutic drug umidilical cond concantrations, its ratio and matameal lamotrigios clearance s monotharagy and
Epfepsy; Mechods: Matemal and umbilical cord concentrations wore analyzed during delivery in a cobort
Delwveary of 63 women botwoeen 2001 and 2007, The request forms for routing thempeutic drug monl-

toring were wsed s the data source. Matamal concantrations werd used for the estimation of
apparent oral clearance and paiwed infant aad matemmal concentrations for estimation of the
infant fumibilical cord)/ matemal senam concoantration ratio.

Resits” The lamotrigios infant/matemal semam concentration ratic ranied I monotharapy
from 0.40 10 1.32 (medizan O.71). The ratio I mosotharapy showed & posible dsoridbu-
tion to two subgroups. Concomitant adminstration of valproic acld sianificantly incrassod
both matermal aad infant Lamotrigine concentrations and significantly decreesad Lamotrigine
dearance by about 65%. Comedication with carbamazeping Incressed lamotrigine dosrance
non-sSigrificantly. Highly sigeificant cormelations wera found bitweoen matomal and umb@scal
cord Lamotrigine concentrations, both s monotharapy and In the Lamaotriging + valpeoic ackd
combimation. Infant concentrations of valproic ackd were found to bo about 30T highar and
infamt concentrations of cabamzoepine were found o be adout 20K lower than matemal
concantrations.

Abdy eviations: AEDs, antiepikptic diugs; UGT, urding 5 -diphophate glucsoncay |l ransfense: M, matemal; |, infand; ¥ M ratio, nfant
(umbyical cord )/ matemal senum concentration ratier (22| catasaaepine; LTG, lamotrigins: VA, valproic acd.
* Cornesponding author. Tel.: +420 55 374 3%1; facc: 420 597 04 393,

E-mall addr e15: vana kacirovaptrapo.cz L adova).
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mezsotharapy Colkad probably by Che

diffasnant e Civity of he placsmbel Lamctrigine metabod@ g eroymes LGT UL snd T aoaisbed
With @enthc polhymorphiem. Tha pobenlisl toratogembc affact of bamedriging combisslion with
valproic achd could b oo iabesd with tha Mghsr Lamotriging and valprobs ac bl oonoenbra o s

(1= =l T
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Introduction

Lamotrigine [LTG) is one of the so-called mew gemeration
of anbepileptic drugs [AFDs] and 7t hes beoomes one of
thv= major dnugs in the treatment of pregrant women with
epliepsy (ELWRAF, 20D0H|. In ow previous stody we found
b2t onby carbamazeping s prescribed during pregnancy
mors often than lamotrigine (Hacirova et al., 200 ). The
dectine= in LTG plasma concentrations durinsg pregnancy wWas
observed with 2 considerabls interinddridual warfability in
thee effect of pregnancy on LTG kinetics (Tran et al., 2002;
Perrell et 2l 2008]. Inressesd sebure frequency in the sec-
ond trimester was asociated with a lower atic of owment
LTG concemtration G baseling target comcentrakion, and a
ratic <0.6% was a significant predictor of sezure worsening
[Fenneil et ai., 3008). Freguent TG lewed monitoring dur-
ing pregnancy and after delfrery s necsssary o optimize
treztment In women taking TG in this period of instable
kire=tics. The data on tiee LTG transplacental transfer and the
risi of sxposure ko the fetus remain sparse and onty 2 1im-
tted number of shodies have actually measured T umibiical
cord Dlood levels. T caze reporis and three studies with
foer—stn patients have reporbed cond LTG plasma bevels wery
similar to maternal plasma concentrations, which & com-
patiie with a fres transplacentsl pazmge |Tomson et al.,
177 Ofwman et al., 2000C Myliynen et al., 20037 de Haan et
al., 200-; Fobopoulow et al., 3007, This: obeery atiornwas fur-
ther supporbed by inwitno human placental perfusion studies
[Myllynien et al., DI03). The results of some authors suggest
Interindtvidual varation inooord plasma’ matemal plasma
LTG comcentration mabtlc (Ohman et al., 2000; Folopoulou
et al., 2007).

In our study we followed up ITG transport through the
placentia in 2 arger study group and analyzed materral and
umibilical cord sarum levels, fts ratio, maternal clearance of
LT'G and the influsnce of co-medication with carbamazepine
and walproic ackd during deltery.

Mi=thiods

This refricsective Slady compied of &3 prognant s with
epllopay ook g Slthesd merasthedapy of {ni=51] o
combrinathors of LTS with walpeoh ackd (n=7) of Carbsamas apdne
= S Elboed s Trodn Che methee aned] 1 rosn Ther umibilios | ok
e £ O D] 5T By S Sl T B DT R M D
Cha yoars J009- 2000, Rogueast forms. for nowting: Charapoutic dnag
weil uied e the dals Souroo. Tha Bagic dhareClens-
Chc ol e eSS Dk Chilldran ara givean in Table 1 |ag0 and
weiighit of s ; Bbrth wedght, et Laregh s gorader of Shwr il -
dresn]. For e Droaabmednl dharadlerSies sod Tables I and 3 (ol
dalby e sl daily docs: relaited Lo e body wead@hL i patkeris with
LTG monddhaimpy vorsas TG combinatons. with ot &tk lop-
Cho dnegs ). LTG ol Corbomareping |CBR) concenbmiisg In the
Sarum wealer ssaswiiad) by Flgh- perTormnancs: oid dhinsima bagraidy
Bedirn of al., DO0E), valprokd o 6P b by gas droima Lograidy
(BT Miadedv @ el Groledimani, 19855
Naemal TG snem el were osed for e estimation of
LTG apparent oral cearancg Calculabed 25: TG dearico = dally
chog e g s LTG0 concenbmcisn (mg'L). Pained il (e,
windilaa ] € ownd fared mabeimal sosrm LT Ll S weid ol cd Tosr e -
i Ly L WP (oI RZ S S0 )L o T | ST el S vLTa Lo
U] rato. Tha DOAgeetng and Poamen il neimality Lo,
Ela Wil — WL ey LS S Tl POEMS0d COMadaThodh Lasl wids ped -
fimmend wding GraphPed Prom eeeshen 5000 for Windows, Graphf s
Soltwara, San Ciogs Califemia LS, wew draphpad com. & v alu of
e 005wk ooicldened starErically Shyifioant.

Tabide 1 Tha Basic charaotartstics of tha moliars aned chair
il e,
Mz hiars
Adga (piars] Waight (k)
] &3 b3
Mezan == 50 IT+S et 14
Farmga 15 #H 4% 113
Il s
Gonder = Tamals 71/ meks W) Eirth wadght® (k) Birth largth® (cm)
L] F=37'M=18 = & |
Mezaan -+ 50 13E0S Lo
Farmia rir-g -} 417

& tahees of It wertght aid birth baregth has ot beaan reconded in all s
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Table T

Infent [umbSScel Coird ) Sanami mabermal U Cofcemina Dhom 00V ra s of LTS and mabernal (8 ) clasrancs of LTG: in

LG itk ey Warsls LG combination with carbamar epims (CHE ] o vwelpiohs &oid W) matermal doss walles or infant LTG

loraids, Pt ek beawii neacordiad In alll cades.

LTG msrsthisragy
M-waght Do Sy D' kg RIS L Harid s I ratis B | e
g (g day) irred g} (mgiL] sl L'k
n &7 45 45 &3 45 o &3
Moz an 8 D 1.5 1.3 o .45
Mecrait 8 Hv LT 1.3 i) oER .24
5o 15 10z 1.3 i1 1.1 oo 119
Wi 3 50 T o3 0.1 .40 o548
Mot 113 300 &7 3.2 4.5 .18 5.53
TG+ (&
weght Do 2y Dhoeiani' kg oyl &b ' & ratie e
g (g day) irred g} (mgiL] sl L'k
n 5 5 5 5 4 L] 5
Moz an B8O A 4.7 I.18 13 1.30 I 38
Mecrait T3 20 4.3 .3 4 1.45 I.48
5o 15 115 1.0 1.3 iz 0.re 1.48
[ 53 150 r s iz ory 1.2
it BE L 5.0 1.6 i 240 4.72
LTG +W P4
Mwaaght Do 2y Do’ kg Mlow el &b ' & ratie | errari
g [y | v ) (gL gL L e}
n T T 7T T & & T
Me=San &6E D | &0 5 1.0 0.5
Mecrait o rg | i3 o 7.0 0.7 .47
5o 5 ™ 1.4 ri 4.3 0.26 a3
[ &1 100 i | 17 i) 0.44 0.za
it 0 L 57 123 ila .11 [N o)

" e ] = mrheragey LT warss LTG «'v .
= e L0 = ety LG it LTS+ WEl
e QLS = monothorapy LTG worus TG = OBE.
e 0003 TG = W i LTG « CHZ .

v e S TG+ Wil warses LTG < DB,

Results

The LTG concentrations in monotterapy vared from 0.3 ko
3.2 e Lin matemal serum and Detvweesn 0.1 and 4.3 mad L in
the umbilical conds senum. The LTG infant/matermal serum
ratio manged from 040 to 138 |median 0.51) [Tabbs 2] The
wride rarege of I M ratio in monok herapy of Lamotrigine shows
a possible distribution of the /M ratio to bao subgroups
[Fig. 1). Concomitant adminisiration of walprolc acid -
nificantly inoeased both matesmal amd infant sErum Levels
of Lamotrigine while no signtficant. difference of IV M ratic
was observed. WRA decrsased significantly the deararce
of lamobrigine Dy albout 5%, Concomitant medication with
carbamazepine increzsed the clearance of Lamotrigine noer
significantly, bt the dose of lamotrigine was significantly
higher [Table ). Highly significant correlabors wers found
betwesn mabsmal and wmisdlical cond NG serum levels baoth
In patiemis with LTG monobserapy amd LTG = Vel comibins-

thon (Flgs. 2 and 3] Infant serum concenbrations of walproic
acid were found to be about 30 hgher and infant ssmum
concerkrations of carbamazepine wens found to be about
20% loweer Than maternal serum ooncentrations (Table 3).

DisCussiom

We demonstrabed highly =I-5r|'rﬁ|:a.|1l: correlatiors bt
miztermal and umbilbical ocord sEnem TG lewvsls both o
Eakienks with NG monobeerapy and TG + VP& combinaticn
[Flgs. T and 3). The= L'M ratio was found to be close to
wnity, indicting a free transplacental passage of LTG. How-
s, wie fowrsd about 300 dtfferemce in MM rabios (0.4 1.4}
ini the monctheragy of LTG {F1g. 1. 'Whereas uridine 5°-
diphicspiate gluouronosyltransferase emeymes (UGTS) ars
trgety absent from the fetal Bver (Coughtrie et al., 1588;
Coilier =t al., Di0Fa, k), the rarsplacental passage of TG
zeems to be the only determining factor of the inberindi-
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Tabiks 3 |I"I.I'Itmm|mbmfﬂmlmmnﬂfmmwm[ﬂlmﬂmﬂﬁm
CEZ | o wallproie acid (WFAL; iedest CEE o WAk Lawals hes not b reconded in sl caset.
BT
Dosad day (mgd Say)  Desod b (mgdbg)  S-lovols mafl]  baweds (mgiL) WM rethe  M-clesrescs [Lok)
" 3 3 3 4 4 5
Meafies 00 =3 4.7 4.2 0,20 1.6%
Mezian 550 3.2 5.1 4.3 022 1.85
50 153 212 oy 0.& .08 LT
Wi 450 ¥ ] 43 14 o.73 1.1%
T 300 123 £2 51 0,35 1.62
WFA
Dosad day (g Say)  Desod b (mgdbg)  Slovoks mafl]  baveds (mgiL) WM rethe  M-clesrescs [Lok)
" T T T £ £ T
Melize 500 mE nr Y 1.32 034
Mezian T 17 30.3 3EE 1.29 036
50 9 'L ] 5.5 103 0.26 o4
Wi 300 5 .5 194 0,379 01z
T 1500 125 48 4 i 175 0.E%

wichual varfability in 7 M ratio. UGTS protably play a major
rode in placental metabolic activity (Colbier et al., 30022, 5B].
With regard tio the reportsdiy Bigh interindd idual wariation
In e UGT expression aned acthity in the human placenta
[Colier =t al., Z002a), a genetic polymorphism of UGTZET
sesres k0o be 3 probabie svplaration for the inberindtdd-
ual varabitity 0 &8 ratio of lamotrigine monoktherapy at
dethvery. The interindiridual wariabilfy of placental LKGTs
may b= an important factor of the terabogenic effect of
LTG.

distritesion of 1P ratio

i -
I: 1
wiz
ii ;
E'-E L 1wl
& '
2 §
FPF‘E -'H.'c:? -\.:IF P.:? P.:F '\-\.:"'t\-“ .'\-\.:"'-F -\.':? '\"'—q‘ -._:“'.:P
oF oF of oF F JF W F F 5
Il ratio
Flaura 1 Distributhon of infant juriScel oord)d metomal

UM comcentrabion @0M] reto in patieats with lamatriging
e et PR

Co-medication with walproic add sienific@ntly increased
both maternal and infant ssrum bevels of Llamotrigine while
na significant. gifference of the !¢ M ratic was obserned, The
significant d=creass of La ne clearanoe jabout S5
wias independent of the walue of the VR4 plasmae ewel This
was obseryed even after application of the smallest dos= of
VA [300mg/day) and plasma lewel 7.5 may L, wiike Gidal
et al. [R000) described manimal inhibition of lamotrigine
clearance in adult patients within the wually acoepted ther-
apeutic rangs for WFA. The &M rte of valprolc add was
found to B Sightly Bigher (indiczting fetal accumulation of
WP&), comparable with sariier reportesd daka [Takeda et al.,
1992

Troksrm @il regmema] LT Dawals - s bapraspy
cogifictan od cormolanian = DSHK] preoE |

o o (LR I - LI
W =

i LTS lowale qmgl. )
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L] 3 a d 1 =
a1 |1ihli|-\.|:lh=_-|.l-
Fhigure 1 CormelsCiom betwods mabemel aned paired indant

fumbilical cord] serum levels of lemotriging in patients with
Lt riging mordher ey,
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Flgure 3  Coimelabthon BeOvisds mateinel el pained indest
(k%o cord) Serum Wvels of lemotriging @ pathants with
lemobrigin + valpnec schl oxmbinaCion.

In addition, we confimmed the suggestion of Ohman et
al. [Z000) that the metabodism of LTG & already fully
induced by the concomitamtly used enmprme-inducing AEDs
[carbamazepine), and pregnancy fad Little addithee effect
on the clearance of LTG. Corsequently e TG dearanoe
in moretherapy during pregnancy fas become compaerable
with the TG dearance i combination with emopme
inducirg AEDCs. The 1M ratio of carbamazepine was found
to be slightly lower, comparable with earier reported daka
[Takesda et al., 1532).

‘Dur patient numbers with Lamotrigine monotherapy are
largsr than all previows relewant shodies put together (45
pmgwtmnhmmtﬁ‘unwmmuﬂr
tical methodology comparsd with approximatety 12 inosix
previous separate studies) (Tomson et al., 1997 Chman
et al., 2000 Mylynen et al., 2003 de Haan et al., 2004
Fotopssulow =t al., 2009,
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Serum levels of valproic acid during delivery in mothers
and in umbilical cord — correlation with birth length and weight
lwana Kzamva® Milan Gnendmann®, Hana Brooman o™

Aiirms. The data on the valproic acid transplacental transfer and risk to the fetus of exposure, remain sparss ard only a
limited number of studies hawe reported umbilical cord blood levels

Materials and Mathods. Maternal and umibilical cond serum bevels wene analyzed at delivery ina cobort of 58 waomen,
betaeen the years 1997 - 31013 The request forms for routine therapewtic drsg mongoang were used as the dats sourme.
Maternal bewels and dosing information wens used for =stimating the mzternal apperent oral dearance and the pained
umébilical oond and matemal levels for estimation of umbdical cordfmatemal level mtios.

Rasults. The levels varied from 5.3 - 585 mgfL in matemial ard 5.4 - 72.1 mgfL inumbilical cord serum. The umbilical
cord'matemal leve| ratios mrged from 064 - 2,48, Sgnificant comelation was found betesse=n matemal 2nd umbilical
cord levels. Sagnaficant irverse cormelations were found betasssn barth length, and both maternal and mbilical oond

lewels in monatherapy:
Conclusions. There were brge individoal varistions in umbilical cord' matennal level ratios of valprosc acod. Beoraital

lergthand weight wene inverssly related to matemal 2nd umbilical cord levels, but not to dose. Therefone, therapeutic
drug mionirtoring in mothers B more useful than the given dose fior the estimation of fetal exposare and miramization

of the risk of fetal effects.

K=y words: delivery, epilepsy, birth length, thermpeutic dnag monitoring, valproic 2cid
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INTROINUCTHN

YWalproic acid (% PA) is a2 monoccarboey lic acid effec
tive in paticsts with all rpes of wirures, and especially
im those with penetic peneTalined epilepsy. [t hes hecome
one aof the three major de: in the trestment of preg-
mant women with eplepeyt’. Hosover, deta an valproic
acid transplecsmial tamsier and the risk to the fetus of
exposum remein sparse, and cab a limited nuember of
studies Bove sctuall reparted wmnbilical cord blood lev-
gle. Im cord blood, the concenirebices of valproic acid
Eizd been neporied o b gither loser {or identical to)
or much higher than maiermal concentrations in varioos
sindies each with a small mumber of petients ar in in-
dividual case reports®*1. Theeefore, negular iberapeutic
drug momitoring (TL¥M] of ¥ P& during peegnancy and
the postpariem pericd hes been moommesded”®. Walproic
acid is a knoen human teraiogen. Ex posure in pregnamay
im mssociated with apprx imetely & theee-fiold increcase in
the rate of major maliormatioss, maink: spina bGAds, and
omby rarek, in increased risk for enencepkbale, cardisc, cra-
micfacial, skeleial and Bmb defects, and & pomsiblie set of
dysmarphic Eaturs called the “valproate sndrome”™ asso
cizied with decwe esed intreuierine groeth ™. Intrewerine
growth mstriction associzted with the matemnal use of
bl ¥PA monotherepy amd combinatos therapye hewe
been described™®. Howewer, mormal birth weights,

lemgths, amd bead circumierences hawe been obserwed in
infants born to mathers recciving ¥IPA monotherapy ©5.
A malvtical models should alko take into sccount ot anlbe
antiepileptic drug (AELDY) ope and dose, but A ED lov-
gl in the moiker amd the neoasie =1 birth = a closer
surmgate marker for fetal eposome, especially pven that
AED clearamos can haee substantial intreindividusl] amd
imi rindividual variability during peegnancy. Core lation
of maternal and embidliczl cord serum VPA kewls with
birth kength and weight bas mot yet ben eporied. The
purposs of this retrospecise stody was to examins VEA
tramsfer ibmough the placents im a larger cohort tham in
all pevious published stodies, 1o amaboe matermal and
wmhbilical comd serum lovels &nd their retic a1 delivers, o
gstimate maternal appamnt arzl clearence of VA and
the infloenoce of comedication with emryme indoocers
{carbamarepine - CEE, phemioin - FHT asd phenobar
bital - PE} and lamatrigine (LTGL We also anahaed the
mlaticaship betereen birth kemgth and weight and both the
diose of VP& as well as the maternsl and wmhbilical card
YW PA concentrabions.

MATERIALS AND METHODS

This stndy enalvsed eetmspectively dats from 58 preg
mant women with epilepsy ®moeiving either ¥ PA momo

LeR
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therapy {n=3& ), WPA combined with LTO {n=T ), or VP&
with emryme indocers (n= 151 The study wes carmied out
beteren January 15991 and December 2003 using blood
samplies coliecked from motbems and ombdlical cords at
dielsrery and the samples werns anabsed for WA and other
AEDs conocentrations. Regueest forms for mutine TR
wer used & the soumce of dsta on drug dosieg. The de-
mographics of the mothers and their infants ane given i
Tahble | snd treatment charscieristics in Tables T and 3
(total daily dose and daily dose melated to the hody weeight
of both valproic scid end oiher corresily used antiepilep
tic drugs]l Totsl ¥ FA concemtrations wens measuned by
gzs chromeingrephy™ using a gas chromatograph (Chmom
5. Crech Republic) with 2 glass packed column 1 20
x Fmm filled with 10% 5P 0 oa 807100 Supelcoport
(Bupelen, USA L To caprylic acid (internal standard) in
Eppesdor! vizls 50 pl. of =mrom, 50 pl. acetone and a
smazll amoust (approximately 30 mg) of sclid ammaomium
sulphete wes added end vores-mxed. A fier centrifogation
2 pl. af the aceioee layer was imjected directly om column
fior emahvsis nsing FID deection. Performance charscter
istics af ik method were as ollows linearity was fousd
between 5 and 1215 mgfl. mecosery 912 - HI35X at these
concentrations, amd cooMicent of veriatioss e 1.5
5.5 % rmespecteeh. The method was quality controlled
in o bermal quality comtrol (EQC) BB (Bonn, Germany)
twioe a year. Lewls of other antiepileptic drugs wee
measured by high-periormance liguid chromatogrephy ™.
Spparent oml clearence (Cl) wes calculated for WA
WA Ol = daily dose (mgikg) [ serom Y P4 comcentration
{mgfL) {rE£ L Paired umbilical comd and msternal senun
YWPA& bovels wem wilized for estimation of the omiblical

corl) makrmal serem comoeniration mtin: The INA postizo
and Pearson ommibus pormality test, the nnpaired t test,
the Mane W hiimey dost, the Fearsom and the Spearman
corme lation esis wene performed wsing GraphFad Prism
wersicn 500 for Windoes, OmphPed Softear, San Dega
Califormia 34 wee praphped com & valoe of F< 0005
wes considerd statisticall sigeificant

RESLILTS

Mo sigmificani differenoes wene found im either ma-
ternal ¥ PA lovels or umbilical cord/ maternal serum con-
oentration ratios for all theee groups O PA monotherap
¥ P& +LTE and ¥PA<enyme imducss)l The ¥WPA con-
centratices vared from 5.3 to 595 mgfL im the maternal
serum and between 5.4 and 721 mgf L. im the mmbilical
cord serume Oaly 9% of the meternal ¥YPA concomtrations
wene in the meferenoe mege (5000 - WU mefLL and 21%
comcemirators were hweer. Simmilarke concenireiions of
concomitant added AEDs, with the exception of LT,
wene below the prcommended ® ETenos ranges™. The um-
bilical cord /makemal ssrum concentration ratios mnged
from LG4 to 249 (Fig 1L Concomitast medication
with emeyme inducers, but not with LTO significanth
increased (= (LD311) the meternal apparest arzl clear
ance of ¥PA by about 30 (Teble ). Highly sipnificant
corme latiaon was found between ibe matemal and the om-
bilical cord % PA. serom kewe s im women peoeiving both
YW PA monoiherepy and pobrtherapy (< LODOL Fig 2L
Thee mmbdlical cord fmeiemal serom YA comoeniration
matios corelated imvere by with the maternal ¥ PA lovels,

Tablz 1. hamographics of the mothers and their infanis

BMumiber mean + S[F [range]

e mak age {y=ars)

weight” {kg)

58 T + 51 1%; 35)
54 Tb = 11 (6 M)

i mal seiFres =nEEc @ meralive de palk pey
P chmEnotonic
foazal- mod i

oo

mol done

4l
5
q
I
7

mariemal Y Serape e prakrme Chiroms
Cirfiril Lomg
Coerrudex, TR
Everdan

25

concomiam AEDs therapy

phemwtoin
carkamar =pines

Sofmnion
Timonil Fetard
Tegreiol CR
Bislen

phe mobartital Phens=mal
[Fessa mgy i) o Lammacial

mirtzwesht (kg |
Birts kesgih® [cm)
fmae

et 1

53 153+0b6(LE 45)
50 49+ 2 {43; 53}

* values: hane 1 been reoorded B all cases

LT}
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Fiz 5 Correlation between birth l=ngih and wmbdlical cord
valproic acid (¥ PA ) kewzls In monotherapy; &= [LO2 9 commela
Hon coelficient = 019725

Fiz 4. Cormelation hetween birth ength and maie mal valproac
scid [V PA ] levels in monotherapy; = Q032 camelation cosE
ficent = 05123

FP= L2 (Fig. 31 The mean umbilical cond ssrem con-
centratioes of CRE, PHT, PB and LT weme found o be
slighithr kower than ar equal io the matemal sorum comen-
tratines af these drugs =nd oaly the umbdlical cord srem
carhamee pine-epmy concentratians wer abserwed to
bee sbouet 2065 higher them the maternal serum concemnima
tioes af this metabolie (Table 1) Statistically significant
i rse commelations wer found between birth lengih and
benth matermal and wmibilical cord ¥FA lovels im all women
whether or not they weme meociving YPA monoiberapy.
Statistically sigmificant imerse cormlation beteeen birth
weight and makermal and umbilical cord ¥TA kewls wes
demosstreied cnby in all motkers combimed { monothera
pr + poltherapr) (Tablke 4 and Fig. 4. 5.

MACLSSION

The number of patients maeivieg VPA thermpy at de-
ey was larger than all pevioush mlevant studies (5E
pregnant women in our neport from anby our cender using
consisient meibodology comparcd with approximaik b 70
patients im 17 peevious separabe stodies that esed a varety

LTy
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Table . Umbdlical cord {1\ maternad (M) s=rum el misos of valproic 2o (VP ) and the maiemal spparenl ol chearans
(C1) o WP 'Y PA monothempy. comibamation with lamotrgine {LT0 ) and combanation with emyme- imdncing snSepie phic drgs
[AEDs) { carbammare pine, phenyboin, phe nobarbiial ) values and embibcal cord VP& Ewels haee mol been eomded m ol cases.

VP weight diose e [y 1 Mz [ | LA
monoihe gy {ig) ( mgday {mglkg] Likg) (mgfl.] {mgfL] ratio
n 3 15 iz 33 3k 33 K]
med@n T T30 1o 034 I5T IS5 L41
mean TE T1X 21 033 s 1l L45
30 IL& il4 15 oIr 153 IET L3r
min L0 L50 13 015 53 54 0Leq
max 55 1250 ma o7g 505 T11 11F
¥R+ LT

n & T & & T E B
med@n & B0 L 033 IES ing L35
mean K Ted 1l& 049 Ikl InE L54
LA K] i0 431 L4 o3l 11 oz 153
min &l i) 435 02z L] 154 159
max T 1500 157 1.03 339 s 249
¥PA +emyme inducing A EDx

n 14 13 ¥ L L5 14 14
medEn TX FLEE] 141 o5l 69 IE4 L31
mean T4 L [3.4%" os0* IE9 IES Lds
a0 IL3 IeT 51 ols 137 LT 057
min &3 -0 14 024 ET 18s 0.7
max 104 1500 1.1 074 52& 1L 248

== Rl - VIPA monclhersy verss VI + enryme-indecing AFDS
® P31 - VPA monoibemagy verses VP + cory me-bdeckng A EDs
" 04 - VPA moanoiheogy werss YV +« LTG

Table & imbilical cord (L maternal { M) s=mem evel mtios of ofhers antiepilepiic dngs {cartamarepine - CEF, carbesmare-
pine-epary - EPCY phenyiom- PHT, phenobarbital - PR, lamotnigmes - LT

doere dose/ky Mol UCewl UM mtio EPOMimel] EPOLUCles1 EPOUCM rato

(mgfcay) (mgfkg)l (mgld [(mgfl) (mgfL] (mg/L)

CEEZ n 9 9 § k] k] b & &
median £IH] 4k il in aan L0 % L7
mean SLT LS 19 T Qa6 L L2 12%
LA 155 14 L1 10 a4 i3 L L3
min 3] 16 L4 ag asr L& onr LED
max 750 ar 52 410 L34 L3 1¥ LEy

FHT n 4 4 4 1 1
median 131 4l 1 113 arn
mean 5] ir al 19 aT4
il L)) L4 io 13 alg
min 104 L& L4 10 Q&b
max 3510 il oo i9 aa

FE n 2 2 4 1 1
median &5 Lo bS 1 a9z
mean &5 Lo 1L £9 aw
S a | 4% i1 anm
min 3a LE 12 14 Qad
M T4 L2 151 110 in

LTG n T & T [ [
median ] in B0 iT Loz
mean 171 i 10 1 a9z
S i T 17 19 o4
min 104 L3 i 1T o44
mix 4] ik 123 LL4 L1l

LT
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Table 4. Coreelations betweem birth weight and birth l=ngth wersos maternal (M) and pmbdical coed {LC) valproic acid leelx

Mirmks Ui e M T
ol e ra s mcmol e rapy mono + polrihe rapy mono + polrtherapy
birth weight ] NS = 0LOOE] = 00T
AL ER0 02T
birth kength =iz F=L0Z0 F= LN F= 0114
05123 AL 305" A AR5 AL R5E0F

* spnifican cone latkon coeMicents; MS - aoo-SEailicant cooelalics oo Tice alx

of methods) (e f 45} We found highly significant corme-
latiom bedmeen the mabternal and the umbilical cord YPA
sorum ke ls im women receiving both Y PA monotbomaps
amd pobibempy (F< UL L Meternzal and umbilicsl
cord ¥VPA kew s are consistent with previoush published
studies {rampe £ 3. 595 mgil. v 55-Td T mg/l. mater
mallewels, 54 -T2 ] mgll vs 5.2- 1230 mgfl. umbilical
coed ewels) (el Y5 A wide range of umbilical cord) ma-
ternal smrum comoeniration ratios (0L64 - 1 .49) hex been
found. Thess findings aw consisient with eartier wporied
dais (0L32 - 255) {ref **'*L Mo significant differenos in
the wmbilical cord maternal serum conoentration retios
wes found beteeen the teo proups (YFS monothe mps
versus Y¥F& in combination with esryme- indocing & Ellx)
snggrsting that the transplaornisl passage of % PA is not
influenoed by ey me-inducing AEDs 21 the lovel af uri-
dine 5 '- diphosphaie glocuromosyransfersse (LIGT) XET
and plexnta] trensporters. We lnpothesie that 2 genetic
pabkmorphiEm of pleoeniz]l UGTZET and placenial VP&
transporiers may explain the inermdividual varisbilidy
in the umiilical cord/maternal serum conoeniration ™
tie The imwemse cormelation beteeen the wmbilical card)
mekemel serum concentration ratics and the metermal
YA lewels suppomis the ssterable charmacker aof the pla-
oental transport sestem postrlated by Nakasrs et al ™.
This result could splain the higher vahves of ombilical
cord/ matermal sorum lovels mbios ol ¥ P& im mothers with
lowe r serem YPA kewis Also found wes & significant
imrerse cormelation between hirih length and meie rmal
and wmbilical cord ¥FA lovelks in both mothers on VEA
monotherepy and im all mothers combined {monotherap
& pobtherapy . Kaneko 21 8l® reporied the results of
o prospeciie, multisaticea] anabesis which used = sten-
danfized method o collect dats on major congenital mal
formatoss in 153 infamis exposed im wiemo o AEDs. The
first trimester mean % PA kovel in mothers who deluened
melormed offspring (77.8 + 1999 mgf L. n=8) was sgnifi.
cantlr higher then that im mothers who delivered normal
ofspring (£6.8& + ZL22 mefll. n=51. = {0023 Eaneko
et gl propossd ikat the mesimuoums ¥ P& dose shoold not
exeed | grmjdey endfor plasma bevels 70 mgf L in oeder
to eminimnize the risk of maliormations. Unfortensdée b in
this mepart plasma lovels of selocied AFE Dk we e estimated
omby onoe durisg the fimst trimesier, and neither the ouect
dates of sempling nar the method used for the guanti-
fication of the AEDs were described. The formulatioes
umed {susiained -released or mot), thedir names, individusl
doses and dosape wene alko not reported but because ne-
cruitmeni of suwhjects began im April 1975, and was com-

pleted im December 1991 most peparetions wex oo in
sustrined-releaved formulations. Kaneko e1 &l did not
pravide actuzl proot, but suggested that maliormations
could be prevemied by improvements in dreg regimenis
to avoid pobpharmecy and higher kewls of ¥ P4 (mos
tham 70 mgilL) in the treatment of epileptic women of
childbe:aring sge. Our findings. ahbough not & contmolled
stiiy, sugpest that prrerth striction can be scen oven
when matermal ¥ PA lewels am boerer than 70 mefl. The
significani cormelation between meiemal and wmbilical
cond sorum kews ks supponts the use of therapeutic drug
moEfoTing & & vy o minimee the fetal effects of VPA
during peegnancy. This may be especially imporiant for
WA sinoe VI exposer imceases the freguency of con-
peniial malformetioss maone ikban other & EDs o
At least ane prospective obsemational stuwdy sugge sted
that higher doses of ¥PA& mey sipnificantly increase the
risk of major malformations™. The Australien Pregnanoy
Registry, the Fimnnish Birth Begistry, the UK Behaviorz]
Study end the Finmish Beheviors]l Study all support this
concluion, as they merporied significant dose-response ef
fects in women who took YFA& during p - ¥FA
comcentrations at birth have been cormelated with llh-l- de-
gme of meonetal lvpexacitabilitr and later neamlogicsl
dysfumctine™ Our study repesents the fitst evidenoe of
a corelation betseen both maternal and embilical cord
YWPA concemtrations amd birth kength and weight. Most
of the measuped A ED kwls, with the evception of LT
wene belowr ibe nsual thempentic mnge for mos-peegnant
women; mesulis that am in agmeement with Sabers and
Tomson® end our peevious paper’. These findings cen be
explained by pestationz] alterxtions in the pharmacakines-
iics of & FlDx {absarption, distribution, metabalism amdf
or climimation, by the we of oeer doses of AEDs, ar
bw nos-compliance of peegnant women?®. Ewen at thess
lorer merum Y PA lovels we ako found an influence of co-
medication with emryme- imducing AE Ds on the matemnal
appaxnt oral ckeamno &t the time of delivere. The daibr
dose of ¥I'A ar dose ®lathe to body weight could be in-
creased to achione similar ¥ P concemtrations im women
with ¥FA monotherape The situation of the indication
YW PA for the teestment of gids and women of childbearing
potencial dramatically changed this »ear afier wemings
from ibe Coordimstion Group for Motual Fecognition
amd Decemtralised Procedums Human of the Ewropean
Medicines Apency, which kighlight the risk of malfor
mziions and dewes lopmeniz]l problems in infants who am
expoard io valproate in ike womb and decreasing use of
WPA is presumzble in ik group'

w2
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CONMCLLIENDN

Our dats from a lenge cohort shoered sigmificant cor
melation between maternal and wmbdlical cord lkewels of
velpmic acid with e risdividwal variabiliy in umbilicsl
condimaternel serum comcemtration mtics. We found a
significent imeemse commlation beteeen birth kngth asd
weighi and maternal and nmbilical cord ¥ P4 concenira.
ticms, but mot dose. For this reasan, TIDM in motkers
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1. Intresuction

Abrrazton- Alls ancepilephc Sron: TR cotoneepese O desrae:
AT clozswprs: OV, cyior broree FEDE BURAR, Devapran el [nirrearossl FBrp-
miry of Azterplepic Crops amd Prepasews LTS Lemmivipse: N, moskars B
rudrreal: BIVE rmacr cxspnial maliorroioes FH plsmcbarbeal et phe-
axbarbidisl m 1 Twiabdir of primdon: FET, pheepme: PRV, priendomnr: THEL
fopirasuir L =ikl oo WTAL valproee snsl

& Dorrerpareding sxihen. Tl 400 S0 576 38

- mai’ sccirersrs [rarn kscioeralifro o (L Kacireem ], milen ynesfrean sies e o

[ Gnmdsorn, o e mosevsifeo o [H. Boesorrsa L

Ettpof da fied e " 0L 0 ' rpleperyrern 50 | ST T 3
30 11 1 T80 £ Eharviar BLY. Al wighis resrend.

1.1, Eodkgroumd

Carbamarepine [CEF) is an imporant option for women with
Incal epilepsy during their childbearing years. It is presently one
of the three miss Srequenty prescrised antiepilepts: dnags [AEDs]
in pregnancy, together with Lamoerigine and valproic acid follovwed
by lewetiracetam and oxcarhar epine (Kacirm e al, 2010z ELRAF,
2015). The risk of temtogenic effects of CBY appears bo be doss
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depemdent (Tomson &t al, 20115 peveribeless, e mechansm
by which CEX sxeris 5 teralogemicily remains larpely mnkmows
[Wvindaree vk et al, 201 ZL

HMinety-mine percent of CEY & metabolis=d by the liver
oy ool P45 [(OFF) moenrymes Thd amd ZAS e the meost
prominenl snrymes that ooeverted CHE o CHE- 10,0 1-=poxide,
thes active metabolite. The epomdes & metabolised o e mac-
tiwe metabolite CHE- 10, 11-dd by microsomal spoxad e ydrolms,
amid it = FRcveted Gm the urine IF ol Been reported thar CHX
is metabolised snino Fpoxsde an human foedal hiver (Pakhy and
Rare, 179738: Rane &t al, 19751 OFF3AT was dentilled a5 2 member
al the OFFAA sublamily expresssd in Foetal Gver, and dafe=ren-
gl sxpressiom Of Chis emeyme in e foehes with 2 swilch to
CYFIAA) 3AS i e adal was demonsdrated [ Schues e al, 1508
Fang = al, 1994 Wrighion =t al, 198EL Clonarepam [(C1T],
lamoirigine (LTG] and topiramate [TPSE] do not affect e phar-
mankenetics of CEL Fhenobarbetal [FHL phenyooin (PHT) and
primidoms | PRM ) @nhance the metabolism of TEZ theosgh COYFaA4,
ﬂmmﬂﬂmmrﬁh1hmﬂmwﬁtw
inhisteon of epomide Bydrolase [Faisalos, 2015 b)L
mumﬁmimuqmnmmm
distrisution and metabolsm b slimination. However, CEE Seeme
b b afTected only marnginally by pregmamcy (Tomson f al, 2005
Approxamately TO-300 of CEY (5060 of spoxsde] & bound to
plasma profeins in the non-pregnant stace. The free radion of CHE
increases during pregrancy, from 0033 a8 baseline 6o 2 mai mum of
032 in the third rimest=r. However, [olal and ree CEE and pox-
ide dearances do not change substantially during pregmancy, and
SEITITE & o assnciated wilth decreaseid mn-
cEntrations oliobal or free CEE (jobnson et al, 20047 Thess manimal
changes do not necesitaie measurement of free fractions of CHE
amd epoxide during

iihe mirnnrlj'l-r-:qlu:al oordfmaiemal senam drug

Ievel at brth &5 the method oftem useid oo s ansplacenial
tramsler {Tomson, 2051 However, the data relating b the CHZ
amd especially THE- 10, 1 1-+spaxide transplacental peasage reman
sparze. The CEF and the epoxide |edels were amahsed in the
amnintic Musd during Mrst trimester By Dmizigt = al (19537 The
umbshcal comd OEF kevels were reported 25 sibher not sgnaficancly
dilferent Irom maiemal or lower, wich e ol the maiss of the
umbakical cood! matErmal Evelof 0.50-1.53Bardy =t al., 19540; Friel
et al, 19E87; Fridscher &t al., 15997: Eohe & al, 1983 Meyer &t al,
IE2R; Mo et al, 1983 Rane et al, 1775 Takeda = al, 1592 Ferty
&t al, 1585] The rabss of the umbshical cord!maiemal lewel of the
Epaile wa measmed i the study of Bohne & al [1983) (a=5,
mEan + 500 075 = 0.0} and Yerbwy =1 al. [ 1985] (A= 5 mean = LBE ]
The CHE levels were alss anabysed by Fienimaki e al (195 i
tioee matermal (1.7-50mg L} and umbshcal coed (20943 mg/l)
mamples, 25 well as the epoxide levels (024053 mg'L in mater-
nal amd 0L21-054mg!L in umislizl cord bicod], hough e o
olthe wmbklical cood) matemmal Eve] was nol report=d. The pharma -
cokinetics of CHY during pregramcy was shadied by Pynndnen =t al.
[1077) &m the foetal tissues ab aEopey. The liver and kideey mn-
tained high bevels of CHE, wiereas brain amd had ke aaliees:
e epox e wias alsn decected inthe feetal cimulabson (Pynnbnen
£t al, 19771 The infuence of oe-medcation with VPA B e ragio
ol CHE-10, 1 1-sparide to parent drug in the umbslcal cord has maol
yei been stndardl

1.1 &m

Wie Bollowed CHF o CHZ-10,11-epoxide tramsport throagh the
placenta and anaiysed matemal amd wmibshcal cond sEmum levels, it
raban, the matermal apparent oral Cearance of CEF and the influsnoe
ol co-medication with sneyme inducers (PRM and PHT) and VPA.
Arktiomships bebween birth weighi (and length) and daily dose,

dose relaied o the body wesght and matemal and umislical cord
CHY lewels were abss amahysed.

1 Muaierial and methods

Thee retrogpective Hudy was compossd of 114 pregrami women
with emilepsy rmeewving eiher O5F in o Coimibe-
nation with neuil dnsgs (LT, O, TPM: n=H2], combsmation
with em yme-imducing AEDN (phemytoin and primsdone: 7= 18] o
comisnaison with valproic acsd (o= 97 Ome wwoman wed ol phe-
nobartaial and wlprod soed. Maternal and umisleal cord senam
were ooliscted af barih and analysed in our depariment behween
the years 1990 and 2074 (EX-epoxide in a subgroup ol B women
between 1907 amd 2004 Request forms far mouline thermapeutic
dnag monEoring were ussd & the data sowce. Therapeul s ranges
== im our department are 4-Tmg L for TEX alone and <13 mg!L
for the sum of (B + CEE-10,1 1-spoxide. The basic characterisias
of ke mothers and ther sofants e given @n Table | (matemal
q-rmﬂ“ﬂhnl:hi‘tlh:ﬁt.hi‘lh lengzh and
Far the ireabmeni e Tables 2 and 3 (iolal daily
dose and daily dose relied bo the Body weghtl Total ==rum ley-
els of VPA were measured by gas dromatography [Brozmanoda
anid Grmidmann, 1985), and tokal serum evels of oiber ARDS were
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 Wakers Exve not b seooeded in ol coee

analywed by hegh-perfomance kquid coomaiography [Eadakova
et al, FOOEL

Apparent oral dearance (O wes caloalated for OEF: OEX
C1 imgfL= dadly dose (mg kgl serum CEF comcencration (mgl)
{Johreon et al, 2074 Paared mmbdlscal oord and maberma] m=nam
CHE and CHE-T0,] 1-epomide Evel were msed for the estima-
tion ol the ratio of the umbsical ord metermal =mum Evel
Paimed CHE amad OEX-10,01-mpoxsde iEvels in mmbalscal oond amd
makemal senom were uwsed for e esbimatiom of e CHE-
10,1 1 -=pox i) CHE raban. Seatessical Wk perfonmed using
CmaphPad Friam version 500 Tor Windows, Graphfal Softsare
isan Dhego, CA, LS wwrw graphpad com]l The IMAgoding amd
Pearson omnibzs normality st was appled o test il che wail-
ues oo from 2 Caussan dsivimetion. Therealfer, we used
ithe mnpaired -iest (when the wloes follew the Caussian dis-
irimadszn) of e nooparametnc Mann-Whansy (et [or che
commparison of the datributions ol two unmatched groops, and
ithe Pearson cmrelalson best (ihe Caussian datribution] or che
SpEarman monparameinic comrelation test were issd for the cor-
relation amalysis. & wlne of p<00% was consad ered sEatetecqlly
segraficant.

1. Resuliy

A highly ssgmaficant cormelation [ U] was found bebween
umbilical cord and matermal s=nom levels of OB [Fer 1] amad
CHE-10,01-=poxsde. The CHE levels varesd fromm 06 b 113 mg'L
imedian= 41 mg' L] im matemal senem and from 01 o 105 mg'L
imedian= 22mg'L] in umisleal oord The CHE-TO10-epomade
levels ranged Befween 0L amd 25 m'l (median= 06 mg Ll in
mabemal s=nzm and betwesn L] and 22 mg'L{median =05 mg L)
in wmiklizal coad The ratio of e ummislical covd) matermal m=nam
e wanrisd! o 0L TF b 200 { median= VBT an CHE- 10,1 1 -epom e
and from O b 233 [medan=080) m (EF, wil a poss-
bl distribution to thres subgroups (<05, 0510 and =10} in
CHE andlor combenation wah 1TG, OF amd TPM
(F 21 ComBsnateon with YPA ssmilicanily increased the CHE-
10,1 1-=poxide Ievel in umbsical coed, e ratao of the umiilical
oo matermal serum el of COEE- V0 1-rpaxide [y approe-
mabely S0 and the ratio ol the CEX-10, 1 -spoxsde CEY lewe] Bath
in matemal serum [y approximately BIE] and in umislical cord
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[y MMES = DUDDOS] (Table &) Datribution of the rati of the
umbsical cord!matemal serum evel of OEF-10.11-Fpoxides and
distridion of the ratao of the CHE-10)]1-spoxide! CHY l=vel i
umbskcal cood in CEY monotherapy (and) or combanaiom wilkh
LTL, C1E and TPM ) verms CHF combanatiom wilh ¥iPA are shiown
in Fg= 3 aml 4, respedively. In adddion, we loond 2 sgnill-
camit bigher value ol the @i ol the CEE- D01 1-epox s CHE level
in umislical cood than in maiemal senem i comianaion with
VWP [Table 4. Concomilant adminsiraton of snryme-indocers
significantly increased the matemal apparent om@l dearance of
CHE om b 50% and co-sdmensinaton of
VIPA almast by TOT [Tabls 21 Approximately 2 hall [48T) of the

CHY i manslberagsy' or wilh sl drogs: v
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{CHRE ) bevd I

matermal CHY comcrntTations were foumd in the herapentc ange,
43% of levels were lower and 3T higher. Inierestingly, 2 third of the
umbdical cord COEY Ievels [311) analysed were abss in the hera-
peutic range weed for the general epdepte populatson, and 1Ewes
higher. Conceniratons of conoomitant added AEDs were measmed
mostly below the recommmended therapeutic anges [Fabalos s al.,
20E]L The meam mmibklical cond =vels of primidons, phenokarbacal
[primedone-mestabole], phemton and valpmic aoid were found
b e almost equal or higher [op to T0% @ primidens] 2 n the
ma b=l serm it wide incer-individual vanaislity of e rtioof
e ummilical cordy maternal serum level | Tabls = Ay comelat soms
veere nof obmeneed between barth wesghi (and kengeh) and daily
doee, dome relabed to the body weeight and matemal or umislal
ood (OB amd CEX-10, 1] -epoxsde lewels.
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4 Depcussésn

Thee number of patienis in the Sudy is Lrger compared with
Al previoess: relevani studies {Bardy &2 al, 195940 Friel =t al, 15957
Frischer et al. 1091; Kohne & al, 1983; Meyer et al, 19588: Mau
et al, 19832:; Fenimdki & al, 19597; Rare e al, 1975 Takeda
et al, 1063 Yerby =t al, 1985) We demonsimbed highly
@nt coamelatsons betwern malemal and umislia] cord 05 [FE 1)
and CHE-spoxade levels In contrast, the wide range of e rate
of e umiilical cord!matemal level was Toond in Both O amd
its active metabollE [Table 4] and Eewise in the ratao of che
amniofic fuid!mabermal semm level in the sudy by Omiest e al
V153 with CEF expomare during the 1S trimesier. The abo of
theumislical ooed!mabternal leve] of OB a0 monothera v | or oom-
baration with neuiral drugs) showed 2 possible destrilnation bo
three subgroups (<05, 05-1.0 and = 1k Fig I simelarty 2= in
o prevaoushy published study with LTL, inwheth the desiyiing-
tion i the twa war oo in monotherapy (Kacirova
£t al, 2010 Values of the mtio ower than 1.0 indicale lower
Fo=ial than mabermal exposdson compared with evels = 1.0, Show-
ing risk of foetal scosmubin (and hgher foetal exposune | to CEX
andior CHE- 10,1 1 -epaxide. Placenial celis sapress 2 number of spe-
cific ransporiers and metabolsing @nrymes | D= Sangis et al, 2001
Syme et al, 20040 CHF and other AEDs are substrates of drug effhm
transporiers (Lischer and Foischia, 3005] [eg., Pgiymoprotesn]
and it is beleved by some resechers that foeial exponare bo
AED mary Be affected By the dnug-tmansporting profeses nthe pla-
cenia. However, ather aathors hardhy soped tat the dneg =Mhix
ftrans poriers will have a sgmeficant efiect on plcental transpant of
these drugs. Acocrdingly, placenial perieson stud s hove shoem
that meet AEDS (inchading OFF ), regardless of their affingy to P-

in, cross e placenia in substaniial amoonis (%% [nen
et al, WS Staad et al, 2002 By Fenimdki ot al (1995, @
mstabolizm was detedsd in perfused human placenizz, making
it improbaiie that e placenty paricipaies in metabolism ol 0EX
in wivi. In conirast, & fes been shown hat CEX 5 metabolised
into =poxide in laman foetal Tver (Fiafkkey and Rane, 157E: lang
et al, 157 5L Wrightom =t al. | 17538) denliflsd OYF3AT 25 2 mEm-
lbe=r of che CWVFEA sublamily unsguely expressed in Szl liver, and
subsEquent studees | Sohetr ot al, 10594 Fang & al, 1994) demon-
siraied the diTerential sxpressson of this @ neyme an the Toetus, with
4 swatch o CYFIAAIZAS an adulls. The large snbermdivistial vars-
by in OYPIA expression and caEabytic 2 Tivily can beattribueed
o genetic factors [Hines and McoCaneer, 2003 Kushl et al, 20010;
Vyhkidal e al., 201 5] Theredore, the distribulson of the ratio ol the
umislical cord!maiemal s=rum leee] s [ior Crmm-
baration with newiral drugs] to thres subgroups could B explain
Ity Ehee FeEnet i variabday of OYPIA daring Feetal development.
Thee mechamenms By wihech CEX axerts its i FEMain
unkbmrem (Wiedarceyk &2 al, 20020 IF was repeabedly
sugpested that the O0E2- 10,1 1-spoxsde might be the potenial tera-
iogemec apent [Eenmett =t al, 1996 Finnell e al, 1095 jones
ef al, 19385 Lindbhme et al, 1984 Omix e = al, 19909; Teomma,
1999, S5ome authors assumead that the mo-admanisiratan of Both
anemryme indiscer olthe fommatom olthe CE- 10, 1 -epoxide [phe-
nobartstal primidone] and an #neyme inhdSsior of e #Eminaton
of the CHE-10, 1 1-Fpoxide (valproat e] coadld inerease fetal &xpo-
sure io the foxic metabolibe, e berai effects of
CHE(B=nn=it & al, 199 Lindbout =t al, 15954; Meger =t al, 15984:
Dermargand Cohen, 19961 H owewer, ik wias found fhat e sk of mal-
format izns among infmis exposed b CHE as polythenpy daring
the Arst trimesier i hsgher than the comesponding monotherapies
omly whenthe polytherapy inchaied valpeoaie [ Holmeset al 201101
‘We doosmented that the addibion of VPA sgmificantly increases
the epoxade b=vel i umbdical cords, the ratio of the umbklical
o) matermal level of epoxide [y approximately 000 and the

ratin ol T e epakide! T level both in maternal s=rum by 2 ppms-
malely B and egpecially inthe smbalecalcord [y PI0E) [ Tabie 41
The significantly higher vahee of the ratio of the epoxide CEF kevel
im umibslacal cords than im matermal s=rum was i @ omana-
tiom willh VP REz 3 and 4 show the moving of the matiz of the
ummislical condmaiemal evel of epoxide and the ratso of b spas-
el CEY level in umibslacal ooods do the hagher walues (e, "t the
right™ L, respectivel. The resull is comparabls to asfudy by Omiteigs
£t al. (19493] in e amnatic Audd and makersal s=nam with Ars
trismeester CHY expoeare. Wee bypothesiss that the pobential terato-

#flex of CEE in combinaton wich WP could B associatetd
wilh the higher prematal exposure to CE2-10,11-spoxsde chrough
infibition of epoxde ydoolase in foetal liver. The statsthical analy-
saaltheratsesin il reated with AHDsenha
ihe metabalem of CHE was mob periormeid became of e small
mamber of patienis with Fpoxides vahoes.

The matemal apparent oral deamnee of OEF in monctherapy
[or coemisnatsn with neuiral WS Comparable wilh ear-
Eer meported data (Reisinger & al, 3003} Our shady & o oor
nowledge, the Bl shady that ako s fed i infheence ol
m—mﬂiﬂﬁmﬁhmimﬁfmmuumuﬂr-
AmeE at birth Phencharisial, phemytoin and primidoms enbance
the metabolism of CEYX in the general spileplc population. The
imteractson = the consequence ol imducison of CHY metabolsm
through CYFIA4 [Paisalos, 2003x Fambeck 2 al, 1387 Com-
wersely, there are conflicting resalis on the effect of VPA om OEX
clearance: imarease, deorase, of nodhange (liao et al, 200 Craves
Bt al, 176 Levwy et al., 1984: Lymch and Price, 2007 Pancmyana
Bt al, Z013: Perucra, HNHEG: Saie Diar o al, Z1HE: Viecoevic & al,
DOITT: Wnkder =t al, 1773: Yukawa and Acyama, 19951 We fond
that conoomdant adminstration of eneyme inducers SiEniflcmily
inorased the mairmal apparent ozl dearmoe of CHY on aeetage
ryappropsmately S0 and co-sdminigratomn of ViPA approximately

T
wﬁ&nmﬂ;nﬂlﬂmﬁrﬂ]tﬂﬁh‘ynrmmm
and Fregrancy (EEAF] reported that in momotherapy the sk
of major congenital malformations (ML) inmeases o a dose-
dependent manmer with CHE The lowes maliormalson rates wers
oibsrrved wilth |es than 800 of CHE at e fame of Ooom-
ception (Tomson e al, 20070 The UK and Ireland regisher 2l
reporied 2 sgmaficant dose =fed with O, The MCM rabe with
the lowest dose category of CHE [ai doses up b 500 mg day)] was
1.5% (Campbell 2 al, 207410 A doae-dependent relaliomhip was
dl=n suppesied for lower verhal abikties by Meador et al. [Meador
et al, 2017} However, we are not able b anabyse the relation-
ship between the risk of MOMs and dose (or comcereralions] ol
EFand)or CHE-10, 1 | -epomide becaise s is a retrospectiee shady.
‘We med the request fomms for rotine therpeutic dnsg monitor-
img as the data smce, i which cnly barth wesght and lengeh wers
mentionsd & has beem reported that exposore to OEX has a 5if-
naficant risk of Foe=tal growth resiretion and 3 negative infisenoe
o (bady dimenssans (Pennsll & al, 3015 Weisy ot al, 2014 ‘Wids
ef al, 2000]. W failed o demorstraie amy relationship Between
arth wesghi (amd length] and daily doee, dose relabed to e Dody
weght and exher matemal or wmhilical ood CEY levels, oom-
trary bzthe resulis in pregnant women with VPA (Eaciroa e al,
20151

There are soemee malations in the Sudy. Only iolal CEF and
epoxide levels were analyssdl Howewer, by folmson et al (20140,
the minsmal chamges of bolal and fres CEX and epoxide dearances
daring pregrancy do nof necesitaie mezsurement of the fres fac-
tioms, The mmaill mumibers of patents on comoomitant therapy with
ey e -anducing AEDs do=s not allow assessing fhe infloence (o
ihe Fpanide Evels im umbshcal cord We were molb able b demon-
strate amy relation Between in CEE and e spoxade [eeels
and chnscal effeds, with fhe @xcepion of birth weight and E=ngi



. K acioss o al. f S iy Bmsnch | 22 3016 B-20 =

Mo aitempt was mades to omrelats OEF lewels oo sexure conirol
during pregnancy. However, the data of cur sudy may have ceriam
imporizmee for the treabment ol epsiepsy during pregnancy and for
mowisdge of foetal exposure to CHE and it adisee metabalie. We
agreswith Tomson and Battins (2012 that matermal plesma on-
centrations of AEDs probabiyshow foetal dnog expoome betteribom
the dose the mother recenved and, theredore, imcheiom of dneg-level
monEoring during pregramcy will be important in Adure studes.
In addation, we support the appeal of Pennell and Hovinga (2008 )
that analytical modesls should also take into sooount, not only AED
typeand diose, Bui abo ABD levels in the mother and the neomate
2t Barth 2= 2 closer semogale marker for fesial &x posune.

5. Condusions

Data on serm EY and O5-10,11 -Fpoxsde concentrations ai
birth are sparss, despite that CHE is fnrsguenidy presribed in poeg-
This sudy provides new informaton of not only Bhe CHX
ami iz active metabolite levels im matemal s=um and umbdical
cord but also of the changes of the matermal apparent ol ckear-
e of CHE and the influence of co-medication with other ARDs,
" WFiL The daia from e ookEan to-date showed
e wide nberindividual of e ratss of the umbdical
rond maternal zenam level of bobh CE. and CHE- 10,0 1-=poxide.
We domumenied that addition of VEA Spmfcantly increases the
epanile vel im the ambilkcal oo, the @iss of e umbdical
ond maternal =erum level of sparides and the ratio of the spox-
ids) O lewel ot in matermal s=nam andl expecially in umibsiczl
cord. We also demonsrated 2 significant hegher value of the
ratan of the spoxede!CHET el in umbalical oods Ban in mater-
mal serum am CHE combination with VEAL 'We Iypothesse that
the pofenibal teratogena @fect of CHE in comisnatson with WPA
couldl be associaied with the higher prematal sxposure fo CHE-
101 1 -epomide through inhibition of epoxsde hydrolas: o foetal
liwer.

The present study shows also that a concomilant adminstra-
teon ol eneyme-induacing AEDS 5gndflcmily sncreames the matemal
Fpparent oral cearance of (O on verage by approximalely SR
amd co-admimsiTation of YFA appemmimabEly by T
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