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Serum folate concentrations during pregnancy in women
with epilepsy: relation to antiepileptic drug concentrations,
number of seizures, and fetal outcome

V K HIILESMAA, K TERAMO, M-L GRANSTROM, A H BARDY

Abstract

Serum folate concentrations, blood counts, and anti-
epileptic drug concentrations were measured during 133
pregnancies of 125 women with epilepsy. There was an
inverse correlation between serum folate concentrations
and concentrations of phenytoin and phenobarbitone.
The number of epileptic seizures during pregnancy
showed no association with serum folate concentrations.
No cases of maternal tissue folate deficiency or fetal
damage attributable to low maternal serum folate were
observed. Maternal serum folate concentrations for in-
fants with structural birth defects, "fetal hydantoin
syndrome," or perinatal death were similar to those for
healthy babies. A low dose (100 to 1000 Fkg daily) of folate
supplement appeared sufficient for pregnant women with
epilepsy despite the antifolic action of antiepileptic
medication.
Monitoring folate concentrations in pregnant women

with high serum concentrations of phenytoin or pheno-
barbitone is recommended.

Introduction

Folic acid is required for synthesis of DNA and is essential for
the normal development of the human fetus.' A deficiency of
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folate has been suspected of causing damage to the fetus,
particularly if operative in the early weeks of pregnancy.2
Treatment with antiepileptic drugs may result in lowered
serum folate concentrations3 4 and even in megaloblastic anae-
mia.2 Epileptic women taking antiepileptic drugs may reasonably
be expected to be at particular risk of folate deficiency during
their pregnancies'; systematic investigations 6n this are, how-
ever, lacking.
We undertook a prospective study of epileptic women during

pregnancy, with serial measurements of both folate and anti-
epileptic drug concentrations.

Patients and methods

A total of 139 epileptic women were followed up during 150 preg-
nancies. Eighty eight women had grand mal (tonic and clonic con-
vulsive) seizures, 16 had psychomotor (temporal lobe) seizures, 19
both grand mal and psychomotor, 10 focal motor or sensory, and six
other or unclassified. The patients recorded their seizures on a
calendar, which was checked at each visit. Of the 150 mothers, 137
took combined vitamin tablets with an average daily content of
500 Hg (range 100 to 1000 ,ug) of folic acid from the sixth to the 16th
week of pregnancy until parturition; 143 received oral iron supple-
mentation. Of the 150 pregnancies, 17 were excluded because of
inadequate fast (see below) or failures in obtaining the blood samples.
Subsequently, 133 singleton pregnancies in 125 women remained
for analysis. Of the 133, 60 mothers had entered the study by the end
of the 16th week of pregnancy.
Serum and red cell folate was radioassayed by a competitive protein

binding method5 6 at Medix Laboratories, Kauniainen, Finland.
Values of serum folate above 4-0 nmol/l (1 8 ng/ml) (2 5 percentile)
were considered normal. Haemoglobin concentrations and mean cell
volume were measured with a Coulter S counter. Serum phenytoin
and phenobarbitone concentrations were measured by gas chromato-
graphy7 and carbamazepine concentrations by spectrophotometry.8
Venous blood for folate and drug assessments was drawn between
1300 and 1500 hours, after a five to eight hour fast following breakfast
and the last drug dose. There is evidence that antiepileptic drugs do
not interfere with the radioassay of folate.9
Serum folate and haemoglobin concentration, mean cell volume,

and serum concentrations of antiepileptic drugs were examined
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monthly. Red cell folate and whole blood smears were studied if the
serum folate concentration was less than 4 5 imol/l (2 0 ng/ml),
haemoglobin less than 10 5 g/dl, or mean cell volume greater than
96 fl.
The children were systematically examined for structural birth

defects at birth and again at the age of 18 months. Features of the
"fetal hydantoin syndrome" were recorded according to Hanson et
al.'0

Statistical assessment included logarithmic transformations of serum
phenytoin, phenobarbitone, and folate concentrations to correct skew-
ness, one way analysis ofvariance, and Pearson's correlation coefficients.

Results

Serum folate concentrations from the eighth to the sixteenth week
of pregnancy showed an inverse correlation with concurrent serum
phenytoin (p = 0 002) (fig 1(a)) and phenobarbitone (p = 0 05) (fig 1(b))
concentrations but no correlation with serum carbamazepine (fig 1(c))
concentration. The same trend with weaker correlations was also
observed during the second and third trimesters.
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FIG 2-Serum folate concentrations during and after 133 pregnancies in
epileptic women on four different regimens. All patients receiving pheno-
barbitone (n 23) are in the group "combinations." Means and SEM of log-
serum folate concentrations are shown; p values refer to one way analysis
of variance.
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FIG 1-Correlations between serum folate concentration and concurrent
serum (a) phenytoin, (b) phenobarbitone, and (c) carbamazepine concen-
trations at 8-16 weeks of pregnancy. Includes both monotherapy and com-
bination therapy.

Conversion: SI to traditional units-Phenytoin: 1 ,umol/l- 0 25 mg/l.
Phenobarbitone: 1 umol/l 0-23 mg/l. Carbamazepine: 1 /mol/I 0 24 mg/l.

Serum folate concentrations differed throughout pregnancy among
the patients receiving various types of antiepileptic treatment (fig 2);
lowest concentrations of folate were observed in those patients who
took phenytoin alone, and the next lowest in those on various combi-
nations. Patients receiving carbamazepine alone and those not receiv-
ing any antiepileptic drugs showed the highest serum folate concen-
trations. Folate intake was similar in all groups. In all treatment
groups the changes in serum folate concentration during pregnancy
adhered to a common pattern-namely, an increase towards the end
of pregnancy and a decrease after it.
Serum folate concentrations showed no association with the number

of seizures during pregnancy (fig 3). Haemoglobin concentration and
mean cell volume showed no association with types or concentrations
of antiepileptic drugs. None of the 10 patients whose red cell folate
and whole blood smears were examined showed tissue folate deficiency
(red blood cell folate below 460 nmol/l (203 ng/ml) or megaloblastic
changes in the smear.
There were five perinatal deaths, nine infants with a structural

birth defect, 10 with one or more features of the fetal hydantoin
syndrome, and one with both a structural birth defect and fetal
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FIG 3-Relation between serum folate during 133 pregnancies and number of
(a) grand mal and (b) other seizures. Serum folate concentrations are given
as geometric means throughout pregnancy for each patient. One way analysis
of variance: (a) F2:,130,- 0 4, p-- 007. (b) F2;,30--O-03; p.--07. Differences
between groups are not significant.

hydantoin syndrome. Types and serum concentrations of antiepileptic
drugs as well as serum folate concentrations (fig 4) in the mothers of
these infants were similar to those in the rest of the series. The
structural birth defects were: small ventricular septal defect (one),
aplasia of the left lung (one), microcephaly (one), mild hypospadia
(two), inguinal hernia (one), rudimentary sixth finger (one), and hip
dislocation (three). No cases of oral clefts or neural tube defects were
encountered. Fetal hydantoin syndrome appeared as facial dysmor-
phism and digital hypoplasia (three), facial dysmorphism only (six),
and digital and nail hypoplasia (two). All cases of the syndrome were
mild; no "complete"'0 ones were found.
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FIG 4-Relation between maternal serum folate concentrations and fetal
outcome. Serum folate is given as the first measured value in pregnancy in
133 cases. The child with both a structural birth defect and fetal hydantoin
syndrome is included in the former group. There were no anomalies among
the 17 children excluded from this analysis. One way analysis of variance:
F3;129- 18, p 0- 15. Differences between groups are not significant.

Discussion

Although our findings show an inverse correlation between
maternal serum concentrations of phenytoin or phenobarbitone
and serum folate concentrations, the folate concentrations
usually remained well within the normal range. There were no
cases of maternal tissue folate deficiency or fetal damage
attributable to low maternal serum folate concentrations. Our
patients were all primarily well nourished, and therefore we
cannot exclude the possibility that folate deficiency states en-
countered elsewhere might interfere with fetal development. In
our series there were no cases of neural tube defects. Neural
tube defect is relatively rare in Finland, and even a several-fold
increase in its occurrence could be missed in a study of this
size. We cannot thus contribute much to the question of the
possible relation between folate and central nervous system
anomalies."
Our results suggest that a low dose of supplementary folate

(100 to 1000 sLg daily) throughout pregnancy, as widely re-
commended for pregnant women in general,' is sufficient to
prevent folate deficiency even in epileptic women despite
the folate-antagonising properties of antiepileptic drugs. Serum
folate concentration decreases progressively during normal preg-
nancy if no folate pills are taken.'2 This decrease might be
accentuated in the presence of phenytoin or phenobarbitone.
We therefore suggest that women receiving either drug should
take folate pills during (and preferably before) pregnancy to
ensure an adequate supply for the fetus.
We found no association between serum folate concentrations

and the number of epileptic seizures in pregnancy. It thus
seems that a daily dose of 100 to 1000 ug of oral folate does not
impair control of seizures as reported for higher doses (5 mg
and more).3

In agreement with the findings of an investigation on non-
pregnant epileptics'3 our results showed no association between
serum folate concentrations and treatment with carbamazepine.
Carbamazepine may not, however, be safer than the other
antiepileptic drugs during pregnancy, as its use was associated
with a smaller than expected infant head circumference in our
series.'"
Although the ideal treatment of epilepsy during pregnancy

remains controversial," 16 the best approach today is probably
to continue giving the patient her previous drug(s), preferably
using monotherapy,", 17 and to keep the serum concentrations
as low as possible to reduce fetal exposure, while retaining an
adequate control of seizures. Drug concentrations below the
conventional "therapeutic" concentrations often suffice in preg-
nancy. Monitoring of the serum concentrations of antiepileptic

drugs during pregnancy is currently recommended,'8 and
monitoring of the folate state seems advisable, at least in patients
with high serum concentrations of phenytoin or phenobarbitone.
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BEZOAR WATER-"Take of the leaves of Celandine, roots and all,
three handfuls and a half, Rue two handfuls, Scordium four handfuls,
Dittany of Crete, Carduus, of each one handful and a half, Zedoary
and Angelica roots, of each three drams, Citrons and Lemon pills,
of each six drams, Clove-gilliflowers one ounce and a half, Red Rose,
Centaury the less, of each two drams, Cinnamon, Cloves, of each
three drams, Venice Treacle three ounces, Mithridates one ounce
and a half, Camphire two scruples, Troches of Vipers two ounces,
Mace two drams, Wood of Aloes half an ounce, Yellow Sanders one
dram and a half, Carduus seeds one ounce, Citron seeds six drams,
let them be cut and infused in spirits of Wine, and Malaga Wine, of
each three pound and a half, Vinegar of Clove-gilliflowers, Juice of
Lemons, of each one pound, and distilled in a glass still in Balneo
Mariae, after it is half distilled off, the residue may be strained
through a linen cloath, and be reduced to the thickness of Honey,
and called the Bezoartic extract."

Extracts have the same virtues with the waters they are made
from, only the different form is to please the palates of such whose
fancy loathes any one particular form.

This Bezoar water strengthens the heart, arteries, and vital spirits:
It provokes sweat, and is exceeding good in pestilential fevers, in
health it withstands melancholy and consumptions, and makes a
merry, blithe, chearful creature. Of the extract you may take ten
grains at a time, or somewhat more, if your body be not feverish, half
a spoonful of water is sufficient at a time, and that mixed with other
cordials or medicines appropriated to the disease that troubles you.
(Nicholas Culpeper (1616-54) The Complete Herbal, 1850.)
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