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SUMMARY

Development of a treatment of pregnant women suffering from epilepsy in the region of
Ostrava between the years 1991 and 2006

The paper discusses long-term trends in the utilization of antiepileptic drugs during
pregnancy and reports an analysis of their concentrations at delivery. The request forms for
routine therapeutic drug monitoring and concentrations of antiepileptic drugs at delivery
collected between the years 1991-2006 were used as the data source. Monotherapy versus
polytherapy, the utilization of individual antiepileptic drugs and combinations, and
concentrations were monitored in a group of 235 pregnancies within three 5-year periods.
Monotherapy was used in 61% in the years 1991-1995, in 68% in the years 1996-2000, and
in 76% in the years 2001-2006. During thel* period, the most frequently prescribed agents
were phenytoin, carbamazepine and primidone, during the 2™ period, carbamazepine,
phenytoin, and valproic acid, and during the 3" period, carbamazepine, lamotrigine, and
valproic acid. Concentrations were mostly under the therapeutics range with an exception of
carbamazepine and primidone. Our data demonstrate a significant shift from poly- to
monotherapy and from the first- and second-generation to the second- and third-generation
of antiepileptic drugs in pregnant women suffering from epilepsy. The shift from poly- to
monotherapy has taken place 10 years later and, moreover, the rate of monotherapy was
lower than in Sweden but the result was in a good agreement with the EURAP report. Our
results evidence a good progress in the treatment of pregnant women suffering from epilepsy
in the region of Ostrava.
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SOUHRN

Vyvoj terapie téhotnych Zen s epilepsii v ostravském regionu v letech 1991 az 2006

Prace monitoruje dlouhodoby trend v pouZivani antiepileptik béhem téhotenstvi a sleduje jejich
koncentrace pri porodu. Jako zdroj informaci byly pouzity udaje ze Zadanek a koncentrace
antiepileptik stanovené v ramci rutinniho terapeutického monitorovani pfi porodu v letech
1991-2006. Ve skupiné 235 téhotenstvi jsme béhem tii pétiletych period sledovali pouZziti
mono- versus polyterapie antiepileptiky, cCetnost vyskytu jednotlivych antiepileptik i jejich
kombinaci a naméfené koncentrace. Monoterapie antiepileptiky byla predepisovdna v letech
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1991-1995 v 61 %, v letech 1996-2000 v 68 % a v letech 2001-2006 u 76 % téhotnych.
Nejvice uzivanymi byly béhem prvniho obdobi fenytoin, karbamazepin a primidon, béhem
druhého obdobi karbamazepin, fenytoin a kyselina valproova a ve tfetim obdobi karbamazepin,
lamotrigin a kyselina valproova. VétSina naméfenych koncentraci byla pod terapeutickym
rozmezim s vyjimkou karbamazepinu ve vSech periodiach a primidonu v druhém a tfetim
obdobi. Béhem 15letého sledovani jsme prokdzali signifikantni posun v 1é¢bé epilepsie
t€hotnych z poly- na monoterapii a z prvo- a druho-generacnich antiepileptik na latky druhé
a tfeti generace. Ve srovnani s daty §védskych autor doslo u nds k posunu o 10 let pozdéji
a podil monoterapie byl stdle mirné niz§i, avSak nase udaje byly srovnatelné s tidaji EURAPu.
Vysledky ukazuji spravny vyvoj terapie téhotnych epilepti¢ek v ostravském regionu Ceské

republiky.

Klicova slova: t€hotenstvi — epilepsie — antiepileptika — terapeutické monitorovéani
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Introduction

Epilepsy is a neurological disorder with a prevalence
of approximately 0.5-1.5% in general population V and
women suffering from epilepsy have been estimated to
account for 0.3-0.4% of all pregnancies ?. Until 1993,
six so-called old-generation (or first- and second-
generation) antiepileptic drugs (AEDs) (phenytoin,
phenobarbital, primidone, ethosuximide, carbamazepine
and valproate) accounted for the overwhelming majority
of prescriptions written for the treatment of epilepsy.
Since 1993, felbamate, gabapentin, lamotrigine,
topiramate, tiagabine, oxcarbazepine, levetiracetam,
zonisamide and pregabalin (so-called new-generation or
third-generation antiepileptic drugs) have been approved
for the treatment of epilepsy ?. In the Czech Republic,
carbamazepine for focal (partial) or secondarily
generalised tonic-clonic seizures, valproate and
lamotrigine for all type of seizures when the epileptic
syndrome is not precisely identified, but the type of
seizures is known, are recommended as the first choice
of AEDs .

Treatment decisions for pregnant women suffering
from epilepsy are complicated by the lack of evidence-
based data on the comparative teratogenic potential of
different AEDs. However, the most recent consensus
guidelines issued by the American Academy of
Neurology, the American College of Obstetricians and
Gynecologists, and the International League against
Epilepsy recommend:

a) optimization treatment prior to conception,

b) to use monotherapy if possible,

¢) to choose the most effective AED for the seizure
type and syndrome,

d) to use the lowest effective dose,

e) to supplement treatment with folate,

f) to treat the child with vitamin K at birth and
possibly the mother late in pregnancy for AEDs that
interfere with vitamin K.

Nevertheless, no recommendations related to
different AEDs teratogenetic risk are offered .
Pregnancy can affect the pharmacokinetics of AEDs at
all levels, absorption, distribution, metabolism and
elimination, resulting in declining plasma

concentrations of AEDs as the pregnancy progresses.
The alterations can be expected but their magnitude is
difficult to predict. Therefore regular therapeutic drug
monitoring (TDM) of AEDs during pregnancy and
postpartum is recommend ©. There are only a few papers
following-up the development of AEDs therapy during
pregnancy. Wide et al. ? analyzed AEDs therapy in a
Swedish population over a period of 25 years. From
1999 some collected data of 42 countries are available in
International Antiepileptic Drugs and Pregnancy
Registry (EURAP) ®.

Long-term trends in the utilization of antiepileptic
drugs during pregnancy in the region of Ostrava in the
Czech Republic was the primary aim of our study, an
analysis of maternal concentrations of AEDs at delivery
being the secondary aim.

EXPERIMENTAL PART

Methods

The request forms for routine therapeutic drug
monitoring and maternal AEDs plasma levels measured
at delivery were used as the data source. The study
involved all samples from pregnant women treated with
AEDs and collected in our department between the years
1991-2006. During three study periods (1991-1995,
1996-2000, 2001-2006), AEDs monotherapy versus
polytherapy, the utilization of individual AEDs and the
utilization of combinations of AEDs, and plasma levels
were analyzed. Plasma concentrations of AEDs were

measured by gas chromatography and liquid
chromatography °'. Collected data were statistically
analyzed by ¥ test.

Cohort

The study group consisted of 235 women. Maternal
age and weight are presented in Table 1. A total daily
dose of AEDs and a daily dose related to the body weight
are stated in Table 2 and Table 3.
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Table 1. Characteristics of the cohort: maternal age (years) and weight (kg); weight has not been recorded in all cases

N 1991-1995 N 1996-2000 N 2001-2006 N all periods
mean * SD mean + SD mean + SD mean + SD
(range) (range) (range) (range)
25+4 25+4 27+5 26+5
age 31 (18: 38) 81 (16: 36) 103 (17 41) 235 (16: 41)
. 7311 76 £ 14 77 £ 13 76 £ 13
weight 30 (50: 96) 62 (48; 124) 93 (43: 113) 185 (43 124)
Table 2. Total daily dose (mg); values have not been recorded in all cases
1991-1995 1996-2000 2001-2006 all periods
AED N mean+=SD (range) N mean+SD (range) N  mean = SD (range) N  mean + SD (range)
PHT 25 318 £ 178 (40; 1000) 22 260 = 68 (150; 400) 6 252 +87(100;350) 53 286+ 135 (40; 1000)
PRM 6 500 + 285 (125; 750) 8 453 +£211 (250; 750) 4 344 + 120 (250; 500) 18 444 +220 (125; 750)
PB 4 191 + 189 (9.25; 400) 2 44 + 9 (37; 50) 2 65 + 13 (55.5; 74) 8 123 + 144 (9.25; 400)
ETS 500 1000 - - 2 750 % 354 (500; 1000)
CBZ 15 603 +244 (200; 1000) 43 456 +220 (150;900) 36 544 +204 (200; 900) 94 513 =223 (150; 1000)
VPA 1 900 10 915 +£409 (300; 1500) 22 694 +291 (225; 1250) 33 767 + 337 (225; 1500)
CLZ 1 1.0 1 2.0 6 1.1+04(0515 8 12%05(0.5;2.0)
DIA 1 10.0 1 5.0 1 10.0 3 83£29(5.0,10.0)
LTG - - - - 27 208 + 121 (25;500) 27 208 + 121 (25; 500)
TPM - - - - 3 233 £ 153 (100; 400) 3 233+ 153 (100; 400)
Table 3. Daily dose related to the body weight (mg/kg); values have not been recorded in all cases
1991-1995 1996-2000 2001-2006 all periods
AED N mean * SD (range) N mean * SD (range) N mean + SD (range) N mean * SD (range)
PHT 24 46+2.2(0.5;11.8) 19 33+1.0(1.5;5.0) 5 3.5+1.5(1.1;5.1) 48 4.0+ 1.8 (0.5; 11.8)
PRM 6 73 +42(1.5;12.3) 8 6.1 £2.6 (3.4;10.1) 4 46+13(3.5;59) 18 6.2 +3.1(1.5;12.3)
PB 4 2.6+25(0.1;5.3) 2 0.5 +0.0(0.5; 0.5) 2 1.0+ 0.3 (0.8; 1.2) 8 1.6 £ 1.9 (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 (2.6; 13.7) 40 6.3 +£3.3(1.6;13.3) 35 7.3+3.0(2.9; 15.1) 90 7.0 £33 (1.6; 15.1)
VPA 1 10.6 10 124 + 5.4 (4.4; 21.3) 20 93+42(25;174) 31 10.3 £4.7 (2.5; 21.3)
0.011 £ 0.004 0.012 £ 0.005
CLz ! 0.017 - - 4 (0.006: 0.017) 3 (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(04;6.2) 27 2.7+15(04;6.2)
TPM - - - - 2 28+24(1.1;4.4) 2 2.8+24(1.1;4.4)
first study period were phenytoin (PHT) (45.3%),
RESULTS carbamazepine (CBZ) (24.0%) and primidone

Monotherapy was used during the first period in
61% of women, during the second period in 68% of
women, and in the third period in 76% of women.
Utilization of monotherapy in the third period was
significantly higher than in the first period (p <
0.05) (Fig. 1). The most frequently prescribed AEDs
independently of mono- and polytherapy during the

(PRM) (9.3%), during the second period CBZ
(50.5%), PHT (21.0%) and valproic acid (VPA)
(11.4%), and during the third period CBZ (34.6%),
lamotrigine (LTG) (24.4%) and VPA (21.3%),
respectively. The most widely administered AEDs
and combinations in relation to mono- and
polytherapy were found during the first study period
PHT (33.3%), CBZ (13.7%) and CBZ+PHT
(13.7%), during the second period CBZ (44.4%),
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Fig. 1. Mono- versus polytherapy of AEDs

Table 4. A: Utilization of individual AEDs during study periods; B: Utilization of monotherapy and combinations of AEDs

during study periods

1991-1995 1996-2000 2001-2006
AED N (%) AED N (%) AED N (%)
A:
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%)
CLZ 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%)
others 10 (19.6%) PHT +PB 2 (2.5%) CBZ+VPA 3(2.9%)
others 10 (12.3%) CBZALTG 3(2.9%)
CBZ+TPM 3(2.9%)
others 11 (10.7%)

PHT (13.6%) and CBZ+VPA (8.6%), and during the
third period CBZ (31.0%), LTG (22.3%) and VPA
(12.6%), respectively (Table 4).

In all three study periods plasma levels of individual
AEDs were mostly under the therapeutic range
(estimated for non-pregnant women) with an exception

of CBZ (during the first period 50% of women were in
the therapeutics range, during the second period 40%
of women were in the therapeutics range, and during
the third period 45% of women were in the
therapeutics range) and PRM (during the second
period 44% of women were in the therapeutics range
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Table 5. AEDs concentrations (mg/L; CLZ-ug/L)

— Dot

1991-1995 1996-2000 2001-2006 all periods
AED N mean * SD N mean + SD N mean + SD N mean * SD
(range) (range) (range) (range)
PHT 34 ?6903%%) 2 ?(foéf 125.8()) 6 (36.10f82.é§ 62 ?(').20337..86)
PR T oxa O Gomm 4 ooy 0 @oasw
PB-met 7 (g'.‘(l)—izg'g) 0 Z(')(.)oéf 159'.51) 4 (2 1".‘0?31.'91) 20 (g'.?)—izg:g)
PB 6 a2y 2 Gens 2 aensn 0 sy
ETS 2 ég..sl—izéfg) ! 335 - - 3 (22725 1:_’3‘;'.75>
CBZ B Gone 0B cose M eory 15 Gous
CBZ-E - - 36 ?d?ofz(?'sﬁ) a4 ?(').60f 1(.); 80 ?6.70f2(.)55)
veA ! 257 2 Grkes T Gasin 0 TGies)
CLz 4 Zi‘.l7f179'.27) 3 (163.51—348.51) 8 1?379:93'21) 15 1(11'.37:;32 .?71)
DIA ; 0.30 +0.29 ) 0.14 +0.14 ) 0.19 +0.16 ; 022 +0.23
(0.09-0.72) (0.00-0.27) (0.03-0.35) (0.00-0.72)
nor-DIA 3 ?6.219 5f094152) 2 ?693 1f09i)021) 2 ?(i(.)oésfo%%l) 7 ?(5.105 1f0921155;
TG - - - - W Gony 1 Gony
TPM - - - - 3 (71?5:65.96) 3 (71..25:65..06)

Table 6. Rate of AEDs concentrations in the therapeutic range

AED 1991-1995 N.N, (%) 1996-2000 N.N, (%) 2001-2006 N.N, (%) all periods N.N, (%)
PHT 34; 6 (18%) 22: 1 (5%) 60 (0%) 62;7 (11%)
PRM 7: 1 (14%) 94 (44%) + 1 (11%)* 432 (50%) 20;7 (35%) + 1 (3%)*
PB 60 (0%) 2; 0 (0%) 2: 1 (50%) 10; 1 (10%)
ETS 2: 0 (0%) 1; 0 (0%) - 3,0 (0%)

CBZ 18: 9 (50%) 53: 21 (40%) 44; 20 (45%) 115; 50 (43%)
VPA 1; 0 (0%) 12 4 (33%) 27; 1 (4%) 40;'5 (13%)
CLZ 450 (0%) 31 (33%) 8: 1 (13%) 15:2 (13%)
LTG - - 31; 8 (26%) 315 8 (26%)
TPM - - 31 (33%) 3: 1 (33%)

all 72; 16 (22%) 102; 31 (30%)+1 (1%)* 125; 34 (27%) 299; 81 (27%) + 1 (0.3%)*

N — total number of AEDs concentrations
N, — number of AEDs concentrations in the therapeutic range
* — number of AEDs concentrations above the therapeutic range

and 11% of women were above the therapeutic range,
and during the third period 50% of women were in the
therapeutics range) (Tables 5 and 6). Non-detectable
concentrations have been found in 6.0% of patients,
most frequently for lamotrigine followed by phenytoin,
carbamazepine and primidone, indicating possible
non-compliance.

DISCUSSION

Our data showed a significant shift over the years from
AEDs polytherapy to monotherapy, which is in good
agreement with the recommendations of the American
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Table 7. Comparison of monotherapy rate in three studies
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Wide et al. (1995-1997)
% of patients

EURAP (1999-2008)
% of patients

Kacirova et al. (2001-2006)
% of patients

1 AED 89%
2 AEDs 11% (2 and more AEDs)
3 and more AEDs

80% 76%
17% 22%
3% 2%

Table 8. Comparison of the most often used AEDs in three studies

Wide et al. (1995-1997) AED (%)

EURAP (1999-2008) AED (%)

Kacirova et al. (2001-2006) AED (%)

CBZ (63%) CBZ (33%) CBZ (35%)
VPA (17%) LTG (25%) LTG (24%)
PHT (12%) VPA (23%) VPA (21%)

Academy of Neurology, the American College of
Obstetricians and Gynecologists, and the International
League against Epilepsy ¥ for the treatment of pregnant
women suffering from epilepsy as well as for the
treatment of epilepsy in general population '¥. The result
of our third study period was comparable with the
EURAP group ¥ but the rate of monotherapy we found
lower than in the latest data set of Wide et al. 7 in the
years 1995-1997 (Table 7). Earlier results of Wide et
al. ? showed monotherapy of AEDs in the first data set
(1973-1981) only in 47% of the mothers (polytherapy in
53%) and in the second data set (1984-1994)
monotherapy was used in 82% of the mothers
(polytherapy in 18%).

Carbamazepine was the most often used
antiepileptic drug in all three compared studies,
followed by lamotrigine and valproic acid in the
EURAP ¥ and in our study group (Table 8). In the
study of Wide et al. 7, carbamazepine was followed by
valproic acid and phenytoin due to earlier time of
analysis.

Plasma levels of AEDs during pregnancy were
recorded only by Wide et al. ' between the years 1985
and 1995. During the third trimester, plasma concen-
trations of CBZ (N = 39) ranged from 11 to 32 pmol/L
(2.6-7.6 mg/L) with a mean of 20 umol/L (4.7 mg/L)
and plasma concentrations of PHT (N = 22) ranging
from 5 to 78 umol/L (1.3-19.7 mg/L) with a mean
20 wmol/L (5.1 mg/L). The mean of CBZ and PHT
plasma levels measured during our first study period
was similar as that recorded by Wide et al. '». The
results of our study concerning to the plasma levels are
more complex and include TDM of primidone,
phenobarbital, phenobarbital as a metabolite of
primidone, ethosuximide, phenytoin, valproic acid,
carbamazepine, epoxy-metabolite of carbamazepine,
clonazepam, diazepam and its metabolite
nordiazepam, lamotrigine and topiramate. The most of
the measured values were under the usual therapeutic
range for non-pregnant patients, which was caused
either by gestational alterations in the pharmaco-

kinetics of AEDs at all levels (absorption, distribution,
metabolism and elimination) ® or by non-compliance
of pregnant women. These changes could be a reason
for the failure to attain the expected effect of AEDs
treatment '¥.

In conclusion, our data demonstrate a significant
shift from AEDs poly- to monotherapy and from the
first- and second- generation AEDs (PHT, CBZ and
PRM) to the second- and third-generation AEDs (CBZ,
LTG and VPA) in the treatment of pregnanty women
suffering from epilepsy between the years 1991 and
2006 in our study group. The result is in good
agreement with the EURAP report ¥. The shift from
AEDs poly- to monotherapy has taken place ten years
later than in the period described by Wide et al. ” and,
moreover, the rate of monotherapy in the third period
of our study was lower than in the latest data set of
Wide et al. ” of Sweden who had excellent access to
prenatal care '. One of the reasons of discrepancy
between the Swedish and our results could be
gestational alterations in the pharmacokinetics of
AEDs resulting in declining plasma concentrations of
AEDs as pregnancy progresses ©, which correlate with
the plasma levels under the usual therapeutic range for
the most of AEDs in our study group. This changes
may result in a failure of AED monotherapy ¥
followed by an addition of another antiepileptic drug
(polytherapy) instead of dose adjustment. For example,
in the case of lamotrigine, an increased seizure
frequency in the second trimester was associated with
a lower ratio of current LTG concentration to the
baseline target concentration, and a ratio < 0.65 was a
significant predictor of seizure worsening !¢,
Nevertheless, our results in the third study period
evidence a good progress in the treatment of pregnant
women suffering from epilepsy in the region of
Ostrava in the Czech Republic. Therapeutic drug
monitoring of AEDs during pregnancy and after
delivery can be helpful to optimize the treatment in
women suffering from epilepsy in this period of
unstable kinetics.
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Therapeutic range

phenytoin: 10-20 mg/L

primidone: 5-15 mg/L

phenobarbital: 15-35 mg/L

ethosuximide: 40-100 mg/L

carbamazepine: 4-12 mg/L (in years 1991-2001)
4-9 mg/L (in years 2002-2006)

valproic acid: 40-100 mg/L (in years 1991-2000)
50-100 mg/L (in years 2001-2006)

clonazepam: 20-80 pg/L

lamotrigine: 3—14 mg/L

topiramate: 5-20 mg/L

Abreviations

AEDs - antiepileptic drugs

CBZ — carbamazepine

CBZ-E - carbamazepine- 10,11-epoxide

CLZ — clonazepam

DIA — diazepam

ETS — ethosuximide

EURAP - International Antiepileptic Drugs
and Pregnancy Registry

LTG — lamotrigine

N — number

nor-DIA — nordiazepam

PB — phenobarbital

PB-met — phenobarbital as a metabolite of primidone

PHT — phenytoin

PRM — primidone

TDM - therapeutic drug monitoring

TPM — topiramate

VPA — valproic acid
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