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The present study includes 28 patients pre- 
natally exposed to valproic acid (VPA) mon- 
itored by the Spanish Collaborative Study of 
Congenital Malformations (ECEMC), from 
April 1976 to December 1988. Among the 28 
cases, 15 (53.6%) were exposed only to VPA 
and 13 (46.4%) to VPA plus other anticonvul- 
sant drugs. The clinical manifestations ob- 
served in those prenatally exposed only to 
VPA, are compared with the abnormalities 
observed in those with prenatal exposure to 
VPA plus other anticonvulsant drugs. To bet- 
ter define the spectrum of clinical manifesta- 
tion of the prenatal exposure to VPA we used, 
besides our clinical observations and those 
from the literature, all available epidemiologi- 
cal data. 

We consider that a “valproate embryo- 
fetopathy (VPEF)” could exist, because differ- 
ent anomalies have been observed in children 
prenatally exposed to VPA in monotherapy. A 
facial phenotype of VPA exposure has been 
reported, and epidemiologic studies have 
shown an increased risk for congenital de- 
fects. However, from a review of published 
cases as well as those in the present study, it 
appears that the spectrum of VAE in mono- 
therapy may not include oral clefts. 
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INTRODUCTION 
In 1988, Ardinger et al. defined a fetal valproate phe- 

notype that includes spina bifida and other congenital 
defects. The association between valproic acid (VPA) 
and spina bifida (SB) was established with the epidem- 
iological evidence of data from Rhone-Alps (France) 
[Robert and Guibaud, 19821 and from the Italian Multi- 
centric Registry of Birth Defects (IPIMC) [Mastroiacovo 
et al., 19831. Recently the association between VPA and 
SB was detected in Spain [Martinez-Frias et al. 
1989a,b]. We quantified a risk of 4.48 (1.5-18.2) for 
congenital anomalies different from SB, supporting the 
clinical observation made by Di Liberti et al. [19841, 
Winter et al. [1987] and Ardinger et al. [19881. 

Here we present a clinical description of 28 malformed 
children, comparing those exposed to VPA alone with 
those in which the VPA exposure was in addition to 
other anticonvulsant drugs. The purpose of this study 
was to define the spectrum of anomalies produced by 
prenatal exposure to VPA using case reports as well as  
epidemiological data. 

MATERIAL AND METHODS 
Data were derived from the Spanish Collaborative 

Study of Congenital Malformations (Estudio Col- 
aborativo Espanol de Malformaciones Congenitas 
[ECEMC]). This is a hospital-based case-control study 
and surveillance system that started in April 1976 
[Martinez-Frias et al., 1984; Martinez-Frias and Sal- 
vador, 19871. Cases are infants with major or minor 
congenital defects detectable during the first three days 
of life. Photographs and radiographs are included when 
available. Internal malformations are recorded in those 
infants who die during the detection period and have a n  
autopsy report. 

For each malformed infant the next non-malformed 
child of the same sex, born in the same hospital, is 
selected as a control. Cases and controls are ascertained 
by physicians who examine all liveborn infants and 
interview the mothers of cases and controls within the 
first three days after delivery about their prenatal, ob- 
stetrical, and family histories as well as their exposures 
during pregnancy. Information both on maternal epi- 
lepsy and medication comes from specific questions 
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TABLE I. Study Population 

Exposed to VPA ~. . ~~~~~~~ 

Total No. 

Livebirths 14,121 27 
Stillbirths 277 1 

Controls 14.009 4 

Cases 

about chronic diseases and drugs used during preg- 
nancy respectively. Any mother who used VPA at  least 
during the first trimester of pregnancy was considered 
exposed. We have no information on the type of maternal 
epilepsy and anticonvulsant levels. 

From April 1976 to December 1988,710,816 liveborn 
were surveyed. We identified 14,439 cases and 14,321 
controls. Interviews were completed in 14,121 cases 
(97.8%) and 14,009 controls (97.8%). Among the cases, 
27 (0.19%) were exposed to VPA during the first trimes- 
ter of pregnancy and 4 (0.03%) of the controls for an odds 
ratio (OR) of 6.7 (2.34-26.38). During the period Janu- 
ary 1980 to December 1988, we surveyed 4,552 stillborn 
and among them we identified 277 malformed children; 
only one was exposed to VPA (Table I). One more case 
and also one more control were exposed to valpromide 
(the acid-amide of VPA). The malformed child exposed to 
valpromide was not included in the present study to 
make i t  comparable with the literature. 

Our cases were ascertained from a case-control study 
with a standardized methodology to gather the informa- 
tion. This has been the same since the initiation of the 
program; therefore, the evolution of knowledge on anti- 
convulsant teratogenesis in humans most probably has 
no confounding effect on the data. Our ascertainment of 
cases is possible less biased than that from other 
sources, even considering that we would have less infor- 
mation for some of the facial features characteristic of 
the exposure, due to the short period of ascertainment. 

The main objective of the present study was to com- 
pare the clinical manifestation of major congenital de- 
fects in a series of prenatally exposed cases to VPA. For 
this reason we only used children whose mothers were 
epileptics with treatment. Consequently, only the 28 
exposed cases (27 livebirths and one stillbirth) are con- 
sidered. Comparisons are made between those cases ex- 
posed to monotherapy and those exposed to polytherapy. 

We are not concerned about the controversies regard- 
ing selection of controls, because we are studying the 
clinical manifestations in a series of exposed cases. For 
this reason, we have only estimated the overall OR for 
the exposure. 

RESULTS 
Epidemiologic Data 

As mentioned above, the OR for prenatal exposure to 
VPA and congenital defects is 6.7 (2.34-26.38). This is 
in the range we have observed before [Martinez-F’rias et 
al., 1989al. 

Table 11, shows the sex ratio for the 28 exposed cases to 
VPA only or in combination with other anticonvulsant 
drugs. The sex ratio for SB is 2 (412). 

There were no differences in the birth weight of cases 
exposed to monotherapy (number = 13 excluding twins, 
mean = 3,181 g, SD = 470) and the total population of 
non-exposed controls (number 14,074, mean = 3,314, 
SD = 488). However, we observed a significant lower 
birth weight in those children exposed to polyther- 
apy. This may be due to a high severity of the pat- 
tern of congenital defects rather than to the exposure 
(number = 13, mean = 2,942, SD = 516). 

The gestational age was also similar to that for con- 
trols (N = 13, mean = 39.5, SD = 3.0, for cases exposed 
to monotherapy; N = 13, mean = 40.1, SD = 2.1, for 
polytherapy; and N = 14,097, mean = 39.9, SD = 1.95 
for the controls population). The mean maternal age in 
cases exposed to monotherapy (n = 15, mean = 26.3, 
SD = 5.8) or polytherapy (n = 13, mean = 26.2, SD = 4.8) 
is not different from the maternal age of the total control 
population of the ECEMC (n = 14,061, mean = 27.5, 
SD = 4.35). 

Clinical Analysis 
Among the 28 malformed infants prenatally exposed 

VPA, in 15 (53.6%) the exposure was to VPA only and in 
13 (46.4%) to VPA plus other anticonvulsant drugs 
(Table 111). 

In 8 children in which the exposure was to VPA only, 
the drug was used throughout pregnancy, while in the 
remaining 5, it was used at  least in the first trimester. 
The total doses range from 200 to 2,500 mg. In cases that 
were exposed to VPA plus other anticonvulsants, the 
exposure was throughout pregnancy in all but 3 chil- 
dren who were exposed only in the first trimester. The 
daily doses ranged from 200 to 2,000 mg. 

Table I11 contains a clinical description of exposed 
cases comparing the findings among cases exposed to 
VPA only, with those in which the exposure was to VPA 
plus other anticonvulsants. Six cases (21.4%) had spina 
bifida, 3 (20%) among the 15 cases exposed to VPA only 
and 3 (23.1%) among the 13 cases exposed to VPA plus 
other anticonvulsant drugs. Microcephaly and other 
central nervous system anomalies were only observed in 

TABLE 11. Sex Ratios 
~ 

~~ 

VPA +other 
- VPA only 

- -  
Total 

_. Other Defects Total Other Defects Total SB 
~~ ~ -~ ^ ^  

SB 
Male 2 5 7 2 5 7 14 
Female 1 7 8 1 5 6 14 
MIF 2 0.7 0.9 2 1 1.2 1 
Total 3 12 15 3 10 13 28 
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TABLE 111. Comparison of Clinical Manifestation Seen in Prenatal Exposure to VPA in Monotherapy and Polytherapy* 

VPA + others 
~ .~ ~~~~~ __ 

Only VPA N Treatment 
~~ ~~~ ~~~ ~~ ~ 

Macrocephaly + (thin vermillion, long philtrum, open metopic - 1/13 (PB + CBZ + DPH) 
suture, hypertrichosis, etc.) 

hypoplastic nails, complex hear t  defects) 

hypoplastic nails 

Microcephaly + (flat nasal bridge, hypoplastic maxillae, - 1/13 (PB + CBZ + DPH + MethylPB) 

Long philtrum, flat nasal bridge, gingival hyperplasia, - 1/13 (DPH + PB + GABA +Etilurea) 

Hypertelorism, long philtrum, open anterior fontanele - 1/13 (PB + DPH + MethylPB) 
Hydrocephaly 2/15 - 
Microcephaly - 

Facio-auriculo-vertebral 1/15" - 
Cleft lip and palate - 

Microstomia 1/15 - 
Postaxial polydactyly 1/15b 1/13 (CBZ) 
Hypoplastic hand 1/15 - 
Lumbo-sacral myelomeningocele 3/15' 3/13 (Ethosuximide)/(Clonaze)/ 

Knee dislocation 1/15 - 
Minor anomalies (angiomas, clinodactyly, etc.) 4/15 2/13 (PB)/(PB) 
Calcaneus valgus foot 1/15 - 

1/13 (PB + DPH) 

2/13 (PB + DPH + Piritinol)/ 
(PB + DPH + GABA + Piridoxina) 

(PB + DPH + Clonazepam) 

"This case was twin of a normal baby. 
bThis case is brother of one of the cases with spina bifida in polytherapy group 
One of the cases have also with hydrocephaly and was twin of a normal baby. 

*CBZ = carbamazepine; DPH = diphenylhydantoin; PB = phenobarbital. 

cases with prenatal exposure to VPA polytherapy. Hy- 
drocephaly, on the other hand, was observed in 3 chil- 
dren exposed to VPA monotherapy. Of the 3 observed 
cases, only one had SB. 

Table IV shows the percentage of different anomalies 
found in children exposed to VPA in the 2 types of expo- 
sures (monotherapy and polytherapy) comparing our 
data with those from the literature. To better define the 
clinical manifestation of VPA exposure, we used 2 types 
of evidence: clinical case reports and epidemiologic data. 
Table V shows the different clinical findings that have 
been described, including our data, in cases prenatally 
exposed only to VPA. We separated the clinical informa- 

tion into 2 groups: one in which the anomaly was present 
in more than 70% of the reported cases (included our 
series) and the other in which the defect was observed in 
70% or less. 

DISCUSSION 
From the result of our case control study, it is evident 

that there is an increased risk for congenital defects for 
children prenatally exposed to VPA [Martinez-Frias, 
1989aI. These results support the clinical observation of 
others [Di Liberti et al., 1984; Winter e t  al., 1987; Ar- 
dinger e t  al., 1988; Carter and Stewart, 19891. Even 
though the facial characteristics of children exposed to 

TABLE IV. Number and Percentage (Ti) of Some Clinical Manifestation Observed in Patients Exposed to VPA Only and 
VPA Plus Other Anticonvulsants (VPA + 1: Comparison of Previous Reports and Present Study. 

Clinical data  
Microcephal y 
Midface hypoplasia 
Short nose 
Oral clefts 
Cardiovascular defect 
Abdominal wall defect 
Genital anomalies 
Limb anomalies 
Spina bifida 
Hydrocephaly 
Total cases 

VPA onlv 
7133 (21) 
315 (60)  

14/30 (47) 
0137 (0) 
7/37 (19) 

11/37 (30) 
12/37 (32) 
24137 (65) 
3/37 (8) 

0 
37 

Literaturea 
-. ~~~~~ 

VPA+b 
8/18 (44) 

11/12 (100) 
3/23 (13) 
8/23 (35) 
5/21 (24) 
4/21 (19) 

12/21 (57) 
5123 (22) 

~~~ ~~ ._ 

- 

0 
23 

Our cases ~ 

VPA only . 
0115 (0) 
0115 (0) 

~~~ 

- 
0115 (0) 
0115 (0) 
0115 (0) 
0115 (0) 
7/15 (47) 
3/15 (20) 
3/15 (20) 

15 

~~~ 

VPA + 
2/13 (15) 
1/13 ( 8 )  

2/13 (15) 
1/13 ( 8 )  
0113 (0) 
0113 (0) 
3/13 (23) 
3/13 (23) 
0113 (0) 

13 

. ~~ 

- 

"Dalens et al. [1980], Clay et al. [1981], Gomez 119811, Nau et al. [19811, Thomas and Buchanan [19811, Bailey et al. 119831, Blaw and Woody 
[1983], Bantz [19841, Di Liberti et al. [19841, Tein and MacGregor [19851, Chessa and Iannetti [19861, Jager-Roman et al. 119861, Winter et al. 
[1987], Ardinger et al. 119881, Carter and Stewart 119891. 
bVPA + = VPA with other anticonvulsant drugs. 
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TABLE V. Definition of Valproate Embryofetopathy (VPEF) Using Clinical and Epidemiological Data in  Those Cases 
Exposed to VPA in Monotherapy 

Q p e  of Evidence 
..... .- 

Clinical 
Clinical findings 
Low birthweight 
Microcephaly 
Hydrocephaly 
Prominent metopic ridge 
Outer orbital ridge deficiency 
Midface hypoplasia 
Short nose 
Broadiflat nasal bridge 
Anteverted nostrils 
Ears abnormal position 
Long philtrum with thin lip 
Micrognathia 
Respiratory tract anomalies 
Oral clefts 
Cardiovascular defect 
Abdominal wall defect 
Genital anomalies 
Limb anomalies 
SDina bifida 

<70% 
- 

+ 
i 

- -.. + 70% 
- 

+ 
+ 

L 

+ 
+ 
+ 

+ 
+ 

I 

+ 
- 

+ 
+ 
+ 

+ 
+ 

- Epidemiological -~~ 

? 
? 
? 
? 
? 
? 
? 
? 
? 
? 
? 
? 

+ i -  
? 
? 
? 

- 

- 

+ 

VPEF 
- 

? 
? 

+ 
+ I - "  

+ 
+ 
+ 

+I-" 
+ I - "  

+ 
+I-" 

+ / - b  

? 

- 

9 

+ 
+ 

We used + / - to indicated that although there are less than 70% of clinical evidence, the defects could be under reported 
this case, as there is some epidemiologic evidence, we cannot know if there is a relationship. 

VPA are very similar to those described in the diphe- 
nylhydantoin embryopathy, there is enough informa- 
tion to accept that  there is a facial phenotype of VPA 
exposure. In addition, there are other non-facial anoma- 
lies associated with VPA, such as SB. Although other 
major congenital defects have also been reported in 
cases exposed to this anticonvulsant, there is no clear 
epidemiologic data to support such an association. 
Fbbert and Fbsa [1983] reported a statistically signifi- 
cant risk for congenital heart disease (OR = 4.3) and 
oral clefts (OR = 5.4), but their study did not attempt to 
separate the effect of monotherapy versus polytherapy. 
Since both types of malformations have been related to 
prenatal exposure to phenytoin, trimethadione, and 
other anticonvulsants, their relationship with VPA is 
not clear. Mastroiacovo et al. [1983] did not find these 
associations and they concluded that the report of 
Fbbert and Rosa [19831 could be attributable to a con- 
founding effect of the maternal epilepsy and/or other 
anticonvulsant drugs. Kallen et al. [19891, in an  epidem- 
iologic study using data from different countries, did not 
observe these associations either. 

Ardinger et al. [1988] compared the manifestations 
observed in prenatal exposure to VPA with the abnor- 
malities reported to be associated with prenatal expo- 
sure to diphenylhydantoin, trimethadione, and phe- 
nobarbital or primidone. However, since they did not 
separate the cases exposed to VPA in monotherapy and 
polytherapy, their conclusion seems to imply oral clefts 
may be part of the so-called fetal valproate syndrome. 

It is difficult to compare cases detected with different 
methodologies and different clinical approaches. Nev- 
ertheless, as seen in Table IV, oral clefts appear to be 
associated with VPA only when this anticonvulsant was 

used in combination with other antiepileptic drugs (5 
cases among 36 children exposed to polytherapy from 
the literature and our series). Oral clefts have not been 
observed in children prenatally exposed to VPA only 
(none among 52 cases exposed to VPA in monotherapy 
from different sources, including our data). The absence 
of children with oral clefts exposed to VPA in mono- 
therapy, supports the conclusion that VPA in mono- 
therapy is probably not associated to oral clefts. There- 
fore, we should exclude this malformation from the 
spectrum of the VPA exposure without other anticonvul- 
sants. Oral clefts observed in children exposed to VPA in 
addition to other anticonvulsant drugs are most proba- 
bly the result of the interaction of the different drugs, 
including VPA, or the teratogenic effect of the concomi- 
tant drugs that have been related with oral clefts (i.e., 
diphenylhydantoin). 

Spina bifida, on the other hand, was never observed in 
children exposed to anticonvulsant drugs if VPA was not 
included. Data from the literature (Table V), show dif- 
ferent proportions of SB in cases with monotherapy and 
polytherapy (8% and 22%, respectively). This seems to 
confirm the comments of Lindhout and Schmidt [1986], 
in that epilepsy requiring treatment with VPA plus 
other antiepileptic drugs might be associated with a 
genetic predisposition for neural tube defects, and may 
be different from epilepsy which is treated with VPA 
only. We did not observe this difference in our data. The 
frequency of SB that we observed among cases exposed 
to VPA alone and to VPA plus other anticonvulsant 
drugs was 20% and 23%, respectively. As our data have 
been collected in an homogeneous manner and indepen- 
dently of the maternal illness and the exposure, there is 
less bias of detection and, therefore, could better repre- 
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sent the true proportions. Unfortunately, we cannot as- 
sess if there was a difference in the indications for VPA 
therapy in the monotherapy nor polytherapy group. 

In most cases where the location of SB is given, neural 
tube defects were either sacral or lumbosacral. Ardinger 
et al. [1988] speculated that the “influence of VPA is 
caudal to the posterior neuropore and that, in suscepti- 
ble embryos, VPA may preferentially affect the process 
of canalization.” However, although it can be hypothe- 
sized that the effect of VPA could be different for upper 
and lower SB, this cannot be demonstrated with the 
present data. We can consider that the observed risk for 
VPA to produce SB in our Program (ECEMC) is for lower 
SB, because over 98% of cases with SB in our population 
are lumbar or lumbosacral [Martinez-Frias et al., 19861. 
Nevertheless, our extremely low frequency of upper SB 
makes almost impossible to detect an association with 
VPA. Even if the exposure to VPA could have the same 
level of risk for upper SB than for lower one, we would 
expect less than one case of upper SB among the exposed 
cases of our population. This could be the same for other 
populations where exposed cases with thoracic SB were 
not observed. Thus, we cannot exclude that VPA expo- 
sure can also imply a high risk for thoracic SB. In fact, it 
has been observed in a t  least 2 instances, one in the 
series of Mastroiacovo [1990], and the other one in that 
of Lindhout and Meinardi 119841. As far as we know, 
there is only one case with anencephaly prenatally ex- 
posed to VPA [Lindhout and Schmidt, 19861. The pau- 
city of cases with anencephaly among the exposed chil- 
dren could be biased by prenatal diagnosis and subse- 
quent abortion. 

Although the number of exposed cases with SB is very 
small, the sex ratio of 2 (412) reflects the high proportion 
of lumbar or lumbo-sacral lesions in our data [Martinez- 
Frias et al., 19861. In other words, it seems that the 
relation between the location of the lesion and the sex of 
the patient could be persistent and independent of the 
effect of a teratogenic agent. 

We also observed among the malformed children ex- 
posed to VPA in monotherapy 2 cases without SB who 
had hydrocephaly. As far as we know, these are the first 
cases with hydrocephaly not associated with SB de- 
scribed among patients prenatally exposed only to VPA. 

Our data on the birth weight and gestational age are 
in agreement with those of Ardinger et al. [19881 in the 
sense that there is not evidence of alteration of prenatal 
growth. The cases that we observed with low birth 
weight were mostly due to the twin pregnancies or to the 
malformations. 

Finally, it is important to emphasize that not all the 
defects observed in case series can be attributable to the 
VPA exposure, because some of the children could have 
specific defects just by chance or coincidence. However, 
one way to identify which defects are specifically related 
to the exposure is the epidemiological analysis compar- 
ing the observed number with the expected [Martinez- 
Erias, 19891. However, from a statistical standpoint, i t  is 
not appropriate in case-control studies to perform an a 
posteriori analysis estimating the risk for the specific 
defects observed among the exposed cases. We can only 
analyze those defects that have been previously sus- 

pected. An alternate way to better define the clinical 
spectrum of a specific exposure is to compare available 
epidemiologic and clinical evidence. Using these 2 types 
of information we can know more about the relationship 
between the clinical manifestation and prenatal expo- 
sure to VPA. We can assume that the higher the propor- 
tion of cases that have a specific anomaly the higher the 
probability that this anomaly is associated with the 
exposure. Arbitrarily, one could accept that those anom- 
alies which are found in more than 70% of the cases 
exposed to VPA in monotherapy, even in the absence of 
epidemiologic evidence, and those described in less than 
71% of the cases, but with epidemiologic evidence of an 
association, are part of the clinical pattern of VPA expo- 
sure (Table V). We consider that all these anomalies 
constitute a “valproate embryofetopathy” (VPEF) 
rather than a “fetal valproate syndrome,” and that oral 
clefts are most probably not part of prenatal exposure to 
VPA monotherapy. There are some other major anoma- 
lies for which we still do not have enough information to 
decide whether the association between the anomaly 
and the exposure is due to chance or is causally related. 
However, our results show, once again, that the study of 
congenital defects can be greatly enhanced by deleting 
the gap between epidemiology and dysmorphology. 

ACKNOWLEDGMENTS 
This work was supported in part by a Grant from the 

USA-Spain Joint Committee for Scientific and Techno- 
logical Cooperation, and by the Direccion General de 
Farmacia y Productos Sanitarios. Plan Espanol de 
Farmacovigilancia. Ministerio de Sanidad y Consumo, 
Spain. 

I would like to thank all physicians who participate in 
the ECEMC, as well as Drs. J.C. Carey and J.L. Frias for 
their kind and helpful comments on this manuscript, 
and Dr. A. Garcia-Alix for excellent suggestions. 

REFERENCES 
Ardinger HH, Atkin JF, Blackston RD, Elsas U, Clarren SK, Liv- 

ingstone S, Flannery DB, Pellock JM, Harrod MJ, Lammer EJ,  
Majewski F, Schinzel A, Toriello HV, Hanson JW (1988): Verifica- 
tion of the fetal valproate syndrome phenotype. Am J Med Genet 
29:171-184. 

Bailey CJ, Pool RW, Poskitt EME, Harris F (1983): Valproic acid and 
fetal abnormality. Br Med J 286190. 

Bantz EW (1984): Valproic acid and congenital malformations. Clin 
Pediatr 23:352-353. 

Blaw ME, Woody RC (1983): Valproic acid embryopathy? [letter]. Neu- 
rology 33:255. 

Carter BS, Stewart JM (1989): Valproic acid, prenatal exposure. Asso- 
ciation with lipomyelomeningocele. Clin Pediatr 28:81-85. 

Chessa L, Iannetti P (1986): Fetal valproate syndrome [letter]. Am J 
Med Genet 24:381-382. 

Clay SA, McVie R, Chen H (1981): Possible teratogenic effect of valproic 
acid [letter]. J Pediatr 99:828. 

Dalens B, Raynaud EJ,  Gaulme J (1980): Teratogenicity of valproic acid 
[letter]. J Pediatr 97:332-333. 

Di Liberti JH,  Farndon PA, Dennis NR, Curry CJR (1984): The fetal 
valproate syndrome. Am J Med Genet 19:473-481. 

Gomez MR (1981): Possible teratogenicity of valproic acid. J Pediatr 
97:163. 

Jager-Roman E, Deichl A, Jakobs S, Hartmann AM, Koch S, Rating D, 
Steldinger R, Nau H, Helge H (1986): Fetal growth, major malfor- 



282 Martinez-fiias 

mations, and minor anomalies in infants born to women receiving 
valproic acid. J Pediatr 108:997-1004. 

Kallen B, Robert E, Mastroiacovo P, Martinez-Rias ML, Castilla EE, 
Cocchi G (1989): Anticonvulsant drugs and malformations is there 
a drugs specificity? Eur J Epidemiol 5:31-36. 

Lindhout D, Meinardi H (1984): Spina bifida and in-utero exposure to 
valproate. Lancet 2:396. 

Lindhout D, Schmidt D (1986): In utero exposure to valproate and 
neural tube defects [letter]. Lancet 1:1392-1393. 

Martinez-Rias ML, Salvador J, Rodriguez-Pinilla E. (1989a): Valpro- 
ate and spina bifida [letter]. Lancet 1:611-612. 

Martinez-Frias ML, Prieto L, Herranz I, Rodriguez-Pinilla E, Salvador 
J (1989b): Prenatal exposure to valproic acid and spina bifida. Some 
methodological aspects in case-control studies [Abstract]. Eur J 
Epidemiol 5:252. 

Martinez-Frias ML (1989): Medicamentos y Teratogenia. Revision Bib- 
liografica y Situacion en Espana. Madrid: Ed. Ministerio de Sani- 
dad y Consumo. 

Martinez-Frias ML, Salvador J (1987): Manual Operacional. Madrid: 
Ed. ECEMC. 

Martinez-Frias ML, Salvador J ,  Parralo JA, Frias JL  (1986): Sex ratios 
in neural tube defects [letter]. Lancet 2:871-872. 

Martinez-Frias ML, Salvador J, Prieto L, Zaplana J (1984): Epidem- 
iological study of gastroschisis and omphalocele in Spain. Teratol- 
ogy 29:377-382. 

Mastroiacovo P (1990): Personal communication. 
Mastroiacovo P, Bertollini R, Morandini S, Segni G (1983): Maternal 

epilepsy, valproate exposure, and birth defects [letter]. Lancet 
2:1499. 

Nau H, Rating S, Koch S, Hauser I, Helge H (1981): Valproic acid and its 
metabolities: Placental transfer, neonatal pharmacokinetics, trans- 
fer via mother’s milk and clinical status in neonates of epileptic 
mothers. J Pharmacol Exp Ther 219:768-777. 

Robert E, Guibaud P (1982): Maternal valproic acid and congenital 
neural tube defects. Lancet 2:937. 

Robert E, Rosa F (1983): Valproate and birth defects [letter]. Lancet 
2:1142. 

Tein I, MacGregor DL (1985): Possible valproate teratogenicity. Arch 
Neural 42291-293. 

Thomas D, Buchanan N (1981): Teratogenic effects of anticonvulsants 
[letter]. J Pediatr 99:163. 

Winter RM, Donnai D, Burn J ,  Tucker SM (1987): Fetal valproate 
syndrome: Is there a recognizable phenotype? J Med Genet 
24:692-695. 




