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ABSTRACT

Th<: purpos<: of this th<:sis is twa-fald: 1) to rdin<: understanding of the rclationship

h<:twœn anticonvulsant th<:rapy during the tirst trim<:ster of pn::gnancy in women with

<:pikpsy and the risk of cO:lg<:nital malformation among their offspring; and 2) to assess

th<: utility of the Saskatchewan Prescription Orug and Hospital Services databases for

studies of maternai drug use and certain reproductive outcomes.

There were two central componcnts to the work--meta-analyses and a record linkage

study. Two meta-aroalyscs wcre performed to quanti l'y and synthesize results of the over

60 published epi:lcmiologic studics concerning anticonvulsant tcratogenesis. In the first

mcta-analysis the malformation risks associated with the use ofanticonvulsants in general

by womcn with cpilcpsy were quantified and c1arified. Comparison of the congenital

malformation risk among offspring of mothers with epilepsy with first trimester

anticonvulsant exposure ("exposed ") relative to offspring of non-epileptic parents yielded

a summary estimate of relative risk (RR) of 2.6 (95% confidence interval (CI) 2.1-3.2).

(Ali RR's in this abstract arc study-stratified Mantel-Haenszel summary estimates.)

Congenital malformation risk among the offspring of exposed women with epilepsy

comparcd to unexposed women with epilepsy yielded a summary RR of 2.9 (CI=2.0

4.2). No evidence of increased risk to unexposed women with epilepsy compared to

non-epileptic women "vas evident (RR=0.9, CI=0.5-1.6).

ln the second meta-analysis the risks associated with specifie types of anticonvulsant

therapy were quantitatively synthesized. The analysis demonstrated the inadequacies of

many study reports--vague descriptions of methods often restricted assessment of study

quality and incomplete réporting of results was largely responsible for restricting the

analysis to 31 studies. Women with epilepsy treated with anticonvulsant monotherapy

experienced increased risk of congenitally malformed children relative to both unexposed

women with epilepsy (RR=1.8, CI=0.8-4.8), and unexposed non-epileptic women

(RR =2.5. CI = 1.8-4.0). Insufficient data were available to demonstrate statistica11y

11
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signi ticant di fferenccs in mal formation risk among spù'i li.: .:omml'l1!y-us,'" an tj,'l'tl\'ulsant

monotherapies. a!though phenobarbital and carbamaz.:pin.: app,"an~d tl) h:\\'': th," Il'''','st

risks. Two-drug therapy was associat.:d with a ~O% in.:r.:as.: in risk rl'iativ.: tl)

monotherapy, but three-drug therapy was associated with mor.: than twi.:.: the risk of lln.:

drug therapy (RR=2.2, CI= 1.3-3.7). Although the potenti:l! rok of .:onfounding by

typ.:: and severity of epilt:psy cou!d not be evaluat.:d, the analysis sugg.:sts that a\'lliding

therapy with three or more anticonvuls.înts during the tirst trimester would b.: pmlknl.

The second component of the thesis was a large record linkag..: study utilizing

information l'rom the databases of Saskatchewan Health. An essentially population-bas..:d

database of maternaI dmg use ana reproductive outcom..:s was creat..:d which includ..:d

I04,534Iivebirths and 13,685 non-livebirth outcomes occurring b..:twœn April 1977 and

March 1984 linked to 299,152 prescriptions disp.::ns..:d to th..: moth..:rs in th..: yt:.îr

preceding the pregnancy outcome. A study of anticonvulsant us..: during pr..:gnancy and

birth outcome was completed using the created database. The study yi..:lded results with

respect to congenital malformation risk generally consistent with the conclusions of th..:

meta-analyses.

Evaluation of the database of maternaI drug use and ïeproductive outcomes raised

questions about the utility ofSaskatchewan HeaIth's d~la:>ases for pharmacocpidemiologic

research into congenital malformations. A comparison of the Saskatchewan congenital

malformation birth prevalences to those in other Canadian hospitalization-bascd

congenital malformation reporting systems suggested that malformations were likely 10

be significantly underreported in Saskatchewan Health's Hospital Services Plan

admission/discharge database. Furthermore, Saskatchewan Health's confidentiality

policies resulted in severely limited access to the linked data, making proper

epidemiologic analysis most difficult.
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Ll: but dl: la pr~sentl: thèse est de deux ordres: 1) am.;Iiorer la connaissance du lien entre

le traitement aux anticonvulsivants durant le premier trimestre de la grossesse chez ks

~pileptiques ct le risque de malformations congénitales chez leurs enfants; 2) évaluer

J'utilité des bases de données sur les médicaments de prescription et les services

hospitaliers de la Saskatchewan aux fins des études de la consommation de médicaments

par la mère ct de cert,lÏns dénouements de la reproduction.

L'l t,iche comportait deux composantes centrales; une méta-analyse ainsi qu'une étude de

couplage de dossiers. On a quantifié ct synthétisé, à l'aide de deux méta-analyses, les

résultats des 60 études épidémiologiques et plus qui ont été publiées sur la tératogénèse

liée à la prise d'anticonvulsivant.s. La première méta-analyse a permis de quantifier et

clarifier le risque dû à l'utilisation d'anticonvulsivants. En comparant le risque de

malformations congénitales entre les enfants de mères épileptiques exposées à des

antieonvulsivants pendant les trois premiers mois de leur grossesse et les enfants de

mères non épileptiques, on a obtenu un risque synthétique (RR) de 2,6 (intervalle de

confiance (le) de 2,1-3,2 à 95 %). (Tous les RR dans cet résumé sont estimés selon la

méthode de Mantel-Haenszel par stratification des études.) L'évaluation du risque de

malformations congénitales chez la progéniture de femmes épileptiques exposées

comparativement à des épileptiques non exposées a donné un risque synthétique de 2,9

(IC=2.0-4,2). On n'a pas mis en évidence d'augmentation du risque pour les femmes

épileptiques non exposées comparativement aux femmes non épileptiques (RR=0,9,

IC =0,5-1 ,6).

La deuxième meta-analyse a permis de quantifier le risque dû à differents types

specifiques d'anticonvulsivants. Ces analyses ont démontré les imperfections de

beaucoup d'études--déscriptions imprécis de methodes ont souvent apporté des restrictions

de la qualité des etudes et le reportage incomplet des resultats etait essentiellement

responsable pour le restriction de l'analyse a 31 etudes. Les femmes épileptiques
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soumises à une monoth':rapie aux anti.:onvulsivants ont manifeslc' un nS'lUl' a,,'ru dl'

malformations congénitales par comparaison aux femmes ':pilePli'lul's nl>t1 l'xI"'S<'l'S

(RR= 1.8, IC=O,8-",8) ct aux femmes non <,pileptiques non l'Xj"'Sl'l'S \RR=~,5,

IC= 1.8-..,0). Les donées étaient insuftisant pour d':montrer une gr.lllde in,idl'nl'l'

statistique dans la risque de malformation parm: les monothérapks. l'die au

phénobarbital ct celle à la carbamazépine ont été associées aux estimations du risque les

plus faibles. Le risque lié au traitement basé sur l'administration de deux me.'dkaments

était 20% plus élevé que le risque lié à une monothérapie médicamenteuse. Le risque lie.'

au traitement basé sur l'administration de trois médicaments était au moins dellX fois plus

élevé que le risque lié à une monothérapie médicamenteuse (RR=2.2. IC= 1.3-3.7).

Bien que on pourait pas évaluer le rôle possible de confusion par sorte et severi té de

l'epilepsie, l'analyse suggere que l'action d'éviter l'administration de trois médicaments

pendant le première trimestre sera prudent.

Dans sa deuxième partie, la thèse a consisté en une étude exhaustive de couplage de

dossiers basée sur des données provenant des tïchiers du régime de services médico

hospitaliers de la Saskatchewan. On a créé une base de ~onnées essentiellement

démographique appariant les dénouements de la grossesse et l'Usagl~ de médicaments par

la mère. Cette base de données comprenait 104 534 naissances vivantes et 13 685

dénouements autres que des naissances vivantes enregistrés entre avril 1977 et mars 1984

et couplés à 299 152 ordonnances délivrées à des mères pendant l'année qui précédait le

dénouement de la grossesse. À l'aide de cette base de données, on a étudié l'usage des

anticonvulsivants durant la grossesse et les dénouements de la grossesse. Les résultats de

l'étude, en ce qui concerne le risque de malformations congénitales, sont compatibles

avec les conclusions des méta-analyses.

L'évaluation de la série de données sur les dénouements de la reproduction liés à l'usage

de médicaments soulève des questions sur l'utilité des bases de données du régime de

services médico-hospitaliers de la Saskatchewan aux fins de la recherche

pharmacoépidémiologique sur les anomalies congénitales. Une comparaison de la

v
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pr~vaknc" d", anomalies cong~nitales en Saskatchewan avec celle observée dans d'autres

syst~me' canadiens d" d~cJaration de~ anomalies congénitales basés sur les

hospitalisations donne il penser qu'il est possible que les anomalies soient fortement sous

déclaré"s dans la bas" de donn~'Cs sur les admissions et les congés du régime de services

médico-hospitaliers de la Saskatchewan. En outre, les règles de confidentialité

appliquées par le régime dans cette province réduisent de beaucoup l'accès aux données

appariél's, rend.1nt des plus difficile toute analyse épidémiologique adéquate,
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CIIAPTER 1. INTRODUCTION Al'tD OBJECTIVES

1.1 Introduction

Rcscarch into the teratogcnicity of anticonvulsant drugs spans more than 25 years. Over

60 studics of congenital malformations (a15O referred 10 as serious congenital anomalies

or major birth defects) in the offspring of epileptic women have becn published. Ali

anticonvulsants currently in use have becn demonstrated to have teratogenic potential in

animaIs and il is gencrally accepted that the risk of congenital malformation is two to

three times greater among the offspring of epileptic women than among the offspring of

non-epilcptic women. Nevertheless, the raies of anticonvulsant therapy and epilepsy

itself in the increased risk of malformation, and the differences in teratogenicity

associaled with specific anticonvulsant therapies, remain poorly understood.

If understanding of the teratogenic risk of specific anticonvulsant therapies can be

improved, the risk experienced by the offspring of epileptic mothers rnight then be

partially alleviated by reducing dosages or by replacing certain anticonvulsants with

available alternatives.

Why the meta-analyses?

Individual studies in this field lack the statistica1 power to convincingly evaluate the

teratogenic risk associated with anticonvulsant therapy (Annegers et al., 1974). Neither

general reviews of the literature (Nakane, 1980; Janz, 1982; Bossi, 1983; Annegers et

al. 1983; Kelly, 1984; Dansky and Finnell, 1991) nor reviews ofspecific anticonvulsants

(German et al., 1970; Albengres and Tillement, 1983; Hanson, 1986; Jeavons, 1984;

Rosa, 1984; Lammer et al., 1987) have appropriately synthesized the available data to

best evaluate the risks associated with epilepsy versus those associated with

anticonvulsants. More irnportantly, littIe work has becn done to synthesize the available
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data to compare the differences in malformation risk associatc:d with spccilïc

anticonvulsant therapies. By using meta-analytic techniques (Jcnicek, 1989) to do a

systematic and quantitative synthesis of the numerous studies that have becn published,

there is the potential to improve the understanding of teratogenic risk.

Why the Saskatchewan record linkage ~1udy?

In the early 1980's the potential usefulness of Saskatchewan Health's administrative

databases as an epidemiologic tool had becn rccognized (Sask'l.lchewan Health, 1984;

Tilson, 1985; Connell et al., 1987). There was particular interest in relation to

pharmacoepidemiology, i.e., monitoring the use of prescription drugs in populations and

the subsequent occurrence of adverse health outcomes which might be attributable to drug

therapy (Lawson, 1984). Five features of the databases contribute to their epidemiologic

importance: 1) the Saskatchewan Prescription Drug Plan (SPDP) pays for ail Formulary

prescnpllOn drugs dispensed out-of-hospital to members of the Plan (SaskatChewan

Health, 1983), 2) the SPDP covers almost 95% of the province's approximately one

million inhabitants, 3) the Saskatchewan Hospital Services Plan (SHSP) pays for ail

hospitalization costs and also covers about 95% of Saskatchewan inhabitants, 4)

Saskatchewan Health has had computerized accounting records for over a decade, and

5) Saskatchewan Health maintains a unique health services number for each individual

covered by the plans which is a required individual identifier on each of the

Saskatchewan Health databases. Prescription drug use and hospitalizations can thus be

rapidly, accurately and inexpensively linked, both within and across databases, a situation

essentially unprecedented in a population of almost a million people for so long a period

(Tilson, 1985).

The Saskatchewan Health databases provided an opportunity to undertake a large

population-based study of anticonvulsant teratogenicity. Hospital ascertained pregnancy

outcomes over a seven-year period for M unselected group of women and men using
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anticonvulsants could be asccrtaincd; their anticonvulsant prescription history over a

scveral-year pcriod couId be establisheè in a prospective manner; the offspring could be

followcd from birth onwards for hospitalizations; a comparison group of pregnancies of

non-epileptic parents could be established in precisely the same manner; and the dataset

could be asscmblcd at reasonable cost.

Although the potential of the Saskatchewan databases had becn recognized, at the time

this study was initiated (1984) very Iimited use had becn made of the databases for

epidemiologic study (West et al., 1985). Because databases like those of Saskatchewan

Health werc set up primarily for administrative as opposed to rcsearch purposes, therc

may be a number of shortcomings for use in epidemiologic research tnat are difficult to

evaluate without in-depth study (Jick. 1985; Shapiro, 1986; Connell et al., 1987; Strom,

Carson, 1990). This study was the first to use the drug and hospital databases to do in

depth epidemiologic evaluation of congenital anomalies risk related to prescription drug

use.

1.2 General objective

To increase our understanding of the relationship betwecn anticonvulsant therapy during

the first trimester of pregnancy among women with epilepsy and the risk of congenital

malformation among their offspring.

1.3 Specifie aims

The specific aim of the first meta-analysis was:

To compare the risk of major congenital malformations among the offspring of

the following groups: epileptic women treated with anticonvulsants during the first

trimester of pregnancy; epileptic women not treated with anticonvulsants during
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the first trimester; tre.·ueu and untreated t'pileptic men; and 11l1n-epi1eptic parerlts.

The specifie aim of the second meta-analysis was:

To compare the risks of major congenital mal formation among the offspring of

epileptic mothers associated with specitic anticonvulsant therapies during the tirst

trimester of pregnancy.

The specific aims of the Saskatchewan record linkage study were:

1) To compare the risk of congenital malformation among the offspring of:

women treated with anticonvulsants during the first trimester of pregnancy; men

treated with anticonvulsants during the spermatogenesis period; parents not treated

with anticonvulsants.

2) To compare the risks of congenital malformation among the offspring of

mothers associated with treatment with specific anticonvulsant therapies during

the first trimester of pregnancy.

3) To compare the risks of non-livebirth pregnancy outcomes reported through

hospitalization (spontaneous abortion, induced abortion, ectopic pregnancy and

stillbirth) in the same manner as for the congenital malformations.

4) To assess the utility of the Saskatchewan Prescription Drug and Hospital

Services databases for studies of maternai prescription drug use and reproductive

outcome.
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1.4 Guide to thl.'Si~ orl:anization

This thesis is organized into six ehapters. Following this introductory chapter. Chapter

Two hriefly examines the existing state of knowledge. both epidemio\ogic and

experimental. concerning anticonvulsant teratogenicity. Problems inherent to the study

of anticonvu\s...mt therapy and birth defect risk are highlighted.

Chapter Three includes the two meta-analyses, each presented as journal articles with

sclf-contained discussions and references; they are analyses that stand a10ne, quite

independent of the record-linkage study that follows. The first meta-analysis improves

underst,mding of the teratogenic risk associated with anticonvulsant therapy in general

through the first systematic summary of data from existing studies in a statistically

appropriate manner. The second papcr provides the first systematic synthesis of the

existing epidemiologic literature concerning the risks of major malformation associated

with specifie anticonvulsant therapies.

Chapter Four describes the study design, record linkage process and data sources used

to first create a maternaI prescription drug-reproductive outcomes database in

Saskatchewan and then to undertake a study of anticonvulsants and reproductive

outcomes. Chapter Five presents the results of the record linkage as weil as the analysis

of the anticonvulsant study.

Chapter Six evaluates the strengths and shortcomings of the Saskatchewan anticonvulsant

study and the use of the Saskatchewan databases for adverse reproductive outcome

research in general, and finishes with conclusions and recommendations.

Finally, Appcndix D is a journal article which describes the confidence band technique

which 1 recently developed to improve the graphie presentation of any series of

confidence intervals, such as those presented in the meta-analyses.
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1.5 Manuscripts and authorship

(These paragraphs inserted as a requirement of l\IcGill"s Faeulty llf Graduatl' Studil's.)

The candidate has the option, subject to the approval of the Departmem. of indudin~ as
part of the thesis the text, or duplicated published text (sc'<: bdow), of :ltlllri~inai par,,:r,
or papers, ln this case the thesis must still conform to ail other rl'quirements l'xplainl'd
in Guidelines Concembg Thesis Preparation. Additionalmaterial (proCc'dur.11 and lksi~n

data as weil as descriptions of equipment) must be provided in suflieient detail (e.~. in
appendices) to allow a c1ear and precise judgement to be made of the iml,,'rtance ami
originality of the research reported. The thesis should be more than a mere Clllkctilll1
of manuscripts published or to be published. It must inclnde a genl'r.11 ahstr.Kt. il t\ill
introduction and literature review and a tinal overall cpnclusion. Conncctin~ texts which
provide logical bridges between different manuscripts arc usually desir.lhlc in the intcrests
of cohesion.

It is acceptable for theses to include as chapters authentic copies of papers alre~\lly

published, provided these are duplicated c1early on regulation thesis stationery and houml
as an integral part of the thesis. Photographs or other materials which do not duplicilte
weil must be included in their original form. In such instances, connL'Cting texts ;Ire
mandatory and supplementary explanatory material is almost always nccessary.

The inclusion of manuscripts co-authored by the candidate and others is acceptable hut
the candidate is required to make an explicit statement on who contributl,.'<1 to such work
and to what extent, and supervisors must attest to the accuracy of the c1aims, e.g. bcfore
the Oral Committee. Since the task of the Examiners is made more difticult in thes<:
cases, it is in the candidate's interest to make the responsibilities of authors pcrtL'Ctly
c1ear, Candidates following this option must inform the Department before it submits
the thesis for review.
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CIIAIYI'ER 2. L1TERATIJRE REVIEW

2.1 Scope of the review

This n:view will provide background information regarding: epilepsy and treatment with

anticonvulsants; the general problems involved in the epidemiologic l'valuation of in utero

anticonvulsant exposure and teratogenesis; and a summary of the present state of

cpidemiologic and animal research lindings conceming anticonvulsant teratogenicity.

Detaikd reviews of the epidemiologic literature (Nakane, 1980; Janz. 1982; Bossi, 1983;

Annegers et al., 1983; Kelly, 1984; Dansky and Finnell, 1991) and animal literature

(Khera, 1984; Finnell and Dans1:y, 1991) already exist. The reader is referred to

particularly p<:rtinent reviews where applicable.

Results of most of the individual epidemiologic studies have a high degree of uncertainty

because of small sample sizes and the low birth prevalence of congenital malformations.

Detailed l'valuation of study results on a study-by-study basis seemed of limited value.

Instead, the author undertook IWO meta-analyses, presented in Chapter 3 of this thesis,

which synthesize the existing Iiterature in a way which addresses the small number

problem and several epidemiologic issues not adequately addressed by the existing

narrative reviews.

2.2 Epilepsy

The epilepsies are delined as a group of conditions characterized by recurrent seizures.

which illvolve uncontrolled electrical discharge from brain nerve ceUs (Coatsworth,

1971). There are numerous types of c1inical seizures but they are generally classified

into three categories - partial seizures (seizures beginning locally), generalized seizures

(without local onset), and unclassified epileptic seizures (due to incomplete data). The

7



•

•

cause of epilepsy is otkn unknown but it may be linked with head injury. brain infection

or tumour. blood vessel disturbances. intoxication or chemical imbalancc. (Coats,,"llrlh.

1971) Accurale tigures on population prevalence arc difticult 10 otHain but existing

studies suggest a population prevaJencc in developcd countries of hetwccn O. J % and ~ %

and a prevalence among pregnancies of generally Jess than 0.5 %. (Dansky and Finnell.

1991)

Most individuals with epilepsy arc trcatcd with anticonvulsants to control sei..ure

occurrence. (Meadow. 1991) Anticonvulsant efficacy is best detined as a reduction in the

seizure frequency and/or severity without undue toxic effccts (Coatsworth. 1971). Over

20 antiepileptic drugs have been marketcd over the last 80 yc.1.rs (Woodbury ct al..

1982), but only a handful have been uscd regularly in the past three decades.

Phenobarbital was first marketcd in 1912 in the United States and is still the most

commonly uscd anticonvulsant.(Woodbury et al.. 1982) Phenytoin was introdllced in

1938 and is also widely uscd, often in combination with phenobarbital.(Woodbury ct al..

1982) Trimethadione was first marketed in 1946 but never gained wide us,:. Reports

of serious teratogenicity (German et al., 1970) have made its use during pregnancy

extremely uncommon. Primidone, introduced in 1954. and ethosllximide, introdllced in

1960, are used to a lesser degree. Valproic acid has been uscd as an anticonvu1sant since

1968 in Europe and since 1978 in North America.(Lammer et al., 1987) Carbamazepine

is the most recently introduced anticonvulsant, available since 1974.

Generai recommendations guide the appropriate choices of anticonvulsant drugs for

different seizure types. (Young et al., 1982) However, the recommendations have varicd

among countries and over time as have the prescribing patterns. An anticonvulsant rarely

uscd in one country may be the drug of choice in another (Bertollini et al., 1987).

Therapy recommendations are hampered by the lack of scientific rigour that has

characterized much of the research done to evaluate anticonvulsant efficacy--there have

been few properly controlled randomized c1inical trials (Gram et al., 1982; Beghi et al.,

1986). Reviews ofanticonvulsant therapy (Coatsworth, 1971; Gram et al., 1982; Smith
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et al., 1983) concur with the opinion of Beghi et aL who suggest that "antiepileptic drug

selection is still based on fashion, market pressures and individual experience rather than

on sound scientific considerations"(1986).

An anticonvulsant treatment regime that will control scizures varies by patient, and the

process of finding that regime is one of trial and error. Beghi et al. also suggest that

"The choice of appropriate drug seems to be dictated more by clinical toxicity than by

truly greater eflïcacy sincc there is no evidence of significant differences in efficacy

among the major anticonvulsants such as phenytoin, phenobarbital, carbamazepine and

primidone,' A rccent trial of carbamazepine, phenytoin, phenobarbital and primidone

monotherapy showcd that approximately 80 % of patients were adequately managed on

any one of these anticonvulsants. (Beghi et al., 1986)

2.3 Epilcpsy and prcgnancy

During pregnancy, seizure frequency often changes. Existing studies suggest that seizure

frequency increases in 25 % of pregnant women, decreases in another 25 % and is

unchanged in the remaining 50% of women.(Schmidt, 1982: Hopkins, 1987) Non

compliance to drug therapy by women worried about the possible teratogenic effects of

the anticonvulsants is apparently a major reason for increased seizures. (Schmidt, 1982)

Meadow suggests that an increase in the number of seizures is twice as likely if the fetus

is male (1991). Drug metabolism is altered in severa! ways during pregnancy resulting

in declining serum levels of anticonvulsants as pregnancy proceeds, even when dose is

incrcased (Schmidt, 1982). There seems to be a genera! consensus that anticonvulsant

therapy should be continued during pregnancy to minimise the likelihood of seizures that

might threaten the safety of the mother and fetus.(Janz, 1982; Annegers et al., 1983)
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2.4 Problems in the epidemiologic e\'aluation of anlicol\\'lll"'1Il1 tl'r:lhlgl'lll'si.'

Epidemiologic study and evaluation of the rclationship oetween epilepsy. antÎl:,'nvlIlsant

medication, and increased teratogenesis has been difticlllt for a nllmoer of rc~\sons

(Annegers et al., 1974: Bossi, 1983) inclllding the following:

1. Low prevalence of epilepsy

Because of the low population prevalence of epilepsy (0.5 to 2.0 percent), studies

have generally found only three to five births to epileptic women among every

thousand births in the population. This makes the follow-up approach of studying

a population often impractical as the identitication of suitably sized groups of

reproductive-aged women is expensive. Either a very large base population must

be chosen, or many years of data collection will be requin.'d to obtain a follow-up

group which confers an acceptable amount of statistical power.

2. Low prevalence of congenital malfonnations

Serious malformations affect only about 3% of infants in the general population.

Specifie birth defects are quite rare (heart defects 5.8 cases/looo births, oral

facial clefts 1.65 cases/l,ooo births, spina bifida 0.84 /1,000 births - Canadian

Congenital Anomalies Surveillance System data, 1978-1988).

For rare outcomes the case-referent (case-control) study (Rothman, 1986) has

generally been chosen as the most practical method in epidemiology to revcal

exposure-outcome associations. Drug exposure information is retrieved

retrospectively and the potential exists for recall bias when a drug has become

suspect and drug exposure is ascertained l'rom memory or incomplete records.

If the drug causes a specifie type of malformation, the association may be difficult

to detect in studies that include ail types of malformations. If the drug is a
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rdativdy rare cause of the specifie malformation. its identification from a case

rcferent study is unccrtain as large study groups will be needed.

3. Differences in malfonnation ascertainment

Congenital anomaly binh prevalence rates vary with the intensity and duration of

follow-up. As the follow-up strategies used in the epidemiologic studies of

anticonvulsants and congenital anomalies have varied, the studies are not strictly

comparable (Annegers et al.. 1974). In addition, the criteria may vary among

observers as to what constitutes a serious anomaly. Analysis of minor anomalies,

exccpt in situations where appropriate referent groups are used and there is strict

adherence to blinding of the person examining the children, is open to serious

questions about reproducibility.

4. DiflicuIties in separating drug and disease effects

Even if a statistical association cao be demonstrated between drug use and the

appearance of fetal damage, a causal connection does not necessarily exist. As

anticonvulsants are used almost exclusively for epilepsy and as active epilepsy is

usually treated with one or more anticonvulsants, it is difficult to separate drug

effects from disease effects.

5. Confounding by type and severity of epilepsy

Epilepsy is not a specific disease. The term is used to describe a variety of

seizure patterns which vary widely in type, severity, and underiying cause.

"In general, type, number, dosage, and serum levels ofdrugs will be more or less
related to the type, the severity and the frequency of maternai seizures and the
etiology of maternai epilepsy. Therefore, an association between drug exposure
and congenital anomalies may merely reflect a causal relation between the
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maternai disease and the congenital anomalies. Such a c;msal relation may l'xist
in two different ways. The maternaI epilcpsy may have ;\ met;!t'olic oasis and
seizures may cause met'lbolic derangements with teratogenic Înt1ul'nces on thl'
embryo and fetus. Secondly, genetic factors can play a wlc as f;lr as epilcpsy
itsclf is genetically linked or associated with congenital malf,'rmati,'ns".
(Lindhout. 1985)

6. Epilcpsy c1inic data and gcncraliZllbility

Most studies have used epilepsy c1inics as the study base. Epilcptics allending

c1inics are not likely to be representative of the epilcptic population as a whole

as they tend to be those patients with the most severe epilepsy (Nakane. 1980).

Thus, results of these studies may not be generalizable beyond this group.

7. Inadequate sample sizes

As a consequence of the difficulties involved in assembling subst."lntial numbers

of births following in utero anticonvulsant exposure. the vast majority of

published studies have inadequate statistical power to allow strong inferenccs from

the data. Table 2.4.1 summarises the sample sizes of the more than 50 follow-up

studies ofanticonvulsant teratogenicity found in the medicalliterature. More than

50% of the studies include fewer than 100 births to women with epilepsy trcatcd

with anticonvulsants during the first trimester of pregnancy and would therefore

generate only a small number of cases, even if one was only interestcd in the

overall rate of serious malformations. Only 2 of the 22 prospective studies

include more than 200 births and only 5 of the 35 retrospective studies include

more !han 300 births; even these larger studies are relatively small for birth

defect evaluation.

The consequences of these difficulties led a prominent rescarcher in the field to comment

!hat:
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"Th.: inv.:stigator whose aim it is to identify teratogenic risk factors in drug
tr<:al.:d maternaI epilepsy, and to accomplish prevention of drug-induced
cong.:nital disorders, is confronted with complcx problems of study design and
interpretation. Not less difficult is the task of the general practitioner and
m.:dical spccialists who have to counsel and to trcat the individual epileptic
woman of child bcaring age. "(Lindhout, 1985)
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Table 2.4.1

Summary of sample sizes lor lollow-up stlldies' 01 :lnticonvllls:lI1ts and birth
defect risk - number of livebirths among women with epilepsy treated with
anticonvulsants during the 1st trimester

Sample size--
number of Iivebirths
following 1st trimester
anticonvulsant therapy
for epilepsy Retrospective Prospective Total (%)

<100 15 14 29 (50.9%)
100-199 10 6 16 (28.1%)
200-299 5 0 5 (8.8%)
300-399 1 1 2 (3.5%)
400-499 1 0 1 (1.8%)
500-599 3 a 3 (5.3%)
600-699 0 1 1 (1.8%)

Total"" " 35 22 57 (100.0%)

Studies listed here are referenced in the meta-analyses in Chapter 3.
number of studies
There were 4 record linkage studies where anticonvulsant treatment data
was not available. These are not included in this table.
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2.5 Findings from cpidcmiologic studics

2.5.1 AnticonvuL'i3nts and major malfonnations

An association bctwecn matcrnal anticonvulsant use and increased risk of orofacial clefts

(cleft lip and cleft palate) was initially reported by Meadow (1968). A number of

subsequcnt studies provided further evidence of this relationship as well as suggesting a

rclationship betwccn maternaI anticonvulsant treatment and congenital heart defccts.

lt is now well established that the children of epileptic mothers exposed to

anticonvulsants in utero have a higher frequency of congenital anomalies than those of

non-epileptic parents (Meadow, 1968; Nakane, 1980; Bossi, 1983). The major studies

of offspring of epileptic women have suggested a two- to three-fold increase in

anomalies, notably congenital heart defccts, c1eft lip and/or c1eft palate, and syndromes

of dysmorphia and mental retardation (Nakane, 1979; Bossi, 1983). Table 2.5.1

summarises the major findings of the epidemiologic studies of anticonvulsant

teratogenicity. A detailed review of the epidemiologic evidence was recently published

by Dansky and Finnell (1991).

Offspring of epileptic fathers have becn the subjcct of limited study, but there are

indications that the frequency of major malformations in this group is lower than in

offspring of epileptic mothers but consistently higher than among chi1dren of non

epileptic parents (Janz, 1982).

Although the studies consistently demonstrate a risk of heart and c1eft defects, the

relationship of specific anticonvu1sants (i.e. drug specificity) to major malformation risk

remains poorly understood (Dansky and Finnell, 1991). A study may have adequate

power to demonstrate excess risk for major anomalies with anticonvulsant exposure in

general. However, when the study group is then split into the four or five different

15



•

•

anticonvulsants with which different women will be treated. singly or in varlllUS

combinations. statistical evaluation of ail but the 1110st C0l11111on exposun:s bccol11cs

exceedingly difficult.

The role of genetic and environmental etiologic factors in the elevated risk of facial c1efts

and congenital heart defects in children of parents with epilepsy has rcccnt!y bœn

reviewed in detai! by Friis (1989). A!though the amount of study in the are.ï is quite

limited, the author suggests that genetic factors are of minor importance for the elio!ogy

of facial clefts in the offspring of epileptic parents and the existing literature docs not

suggest a genetic association between congenital heart defects and epilepsy.

16



•
Table 2.5.1

Summary 01 the Ilndlngs 01 epldemlologlc studies 01 anticonvulsant drug teratogenesls

Anti-
Eplleptic
Drugs PHS DPH PRM VPA CBZ TRI SUX

Elevated Rlsks Observed

Major Malformations ... RR 2-3 • • •

Clelt IIp +- palate ••• RR 4-13 • • •
Congenital heart delects ••• RR 3-8 • •
Skeletal delects ••
Splna billda •• RR 10-20 •• RR 6-14

Dysmorphlc leatures (syndromes)
Cranlo-Iaclal delecls ••• RR 2-3 .. .. • • • •
Digital ... RR 2-3 .. .. • • •

Growth Retardatlon .. •

Mental Retardation .. • •

1. PHS - Phenobarbital; DPH - Phenyloin; PRM - Prlmldone; VPA - Valproic acid;
CSZ - Carbamazeplne; TRI - Trlmethadlone; SUX - Ethosuxlmlde
2.•••reported ln most studles; •• reported ln several studies; • reported ln a lew studles
3. RR - A range 01 Relative Rlsks reported in the lIterature Is presented where rlsk has been evaluated

lor a substantlal number 01 blrths with ln utero exposure. Risk ls compared wilh that 01 the general population.
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2.5.2 Polytherap)' and major malfonnations

There is some evidence that maternai antieonvulsant polyther.1PY. as opposed to

monotherapy, is associated with a rclativcly higher risk of anomalies in the offspri~g

(Hill et al., 1974; Nakane, 1980; Lindhout et al., 1984). Nakane et al. (1979) reported

an association between the number of different types of antieonvulsants taken and the

malformation rate in a large sample of epileptie women in Japan often medie~lled with

several antieonvulsants. Women who took one antieonvulsant during the tirst trimester

gave birth to offspring with a malformation rate of 4% (4/93). and women trc.ated

simultaneously with two, three, or four or more antieonvuls~1I1ts experieneed

malformation rates among their offspring of respeetivcly 5% (12/232), 11% (21/187),

and over 20 % (22/118).

Specifie eombinations of antiepileptic drugs have been subjcet to only limited systcmatic

investigation with respect to their teratogenic potential (Lindhout ct al., 1984). In most

studies there are only a few women treated with any sJX.'Cific combination of

anticonvulsants. As a result, little evaluation can be made of anomaly risk and authors

have often not even presented the numbers of women exposed to specific anticonvulsant

combinations. Lindout et al. (1984) examined the combination of carbamazcpine,

phenobarbital and valproic acid in 151 live bom infants exposed to antiepileptic drugs

during pregnancy. They hypothesised that interaction between the anticonvulsants resulti

ng in expoxidation of carbamazepine might result in a teratogenic effcet.

2.5.3 Anticonvulsants and minor anomalies

As the studies of major malformation risk were being reported during the 1970's, reports

started to appear suggesting a link between specific anticonvulsants and an elevated risk

of a number of minor facial abnormalities and abnormalities of the fingers and tocs
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incJuding a short nose with flat bridge, epicanthus, ptosis, low set, abnormally formed

cars, wide set eyes, a large mouth with protruding lips, and hypoplasia of the nails or

the distal phalanges.(Speidel and Meadow, 1972; Hill et al., 1974; Hanson and Smith,

1975; Hanson et al., 1976; Dansky et al., 1982)

These minor anomalies were reported by different authors to be associated with

hydantoin (phenytoin), with phenobarbital, and with trimethadione and were labelled as

fetal syndromes bearing the incriminated drug's name (Janz, 1982). However other

reports suggested that these anomalies were not drug specific (Janz, 1982). Much of the

information about the relation between minor anomalies and anticonvulsant treatment in

early pregnancy came from case reports, without proper referent groups and/or proper

blinding of the observers to the anticonvulsant status of the mother.(Annegers et al.,

1983) As the evaluation of many of these anomalies is highly subjective, the results of

such study can be highly misleading and highly variable. In a dozen studies, the

observed rates of these dysmorphic features among the offspring of treated epileptic

women have varied between 6 and 46 percent.(Bossi, 1983)

The observation of increased occurrence of these minor anomalies has raised a number

of potentially important but as yet unanswered concerns. It has becn suggested that the

pattern of anomalies may be associated with growth deficiency and mental

deficiency.(Janz, 1982) These minor anomalies may also be associated with an increased

probability of occurrence of major anomalies. On the other hand these anomalies may

be related to epilepsy per se, they may recur in families or they could be related to other

features such as socioeconomic status.(Janz, 1982) Gaily et al., (1988) recently reported

on a blinded systematic study of minor malformations in 121 five year-old children of

epileptic mothers, the mothers themselves and a control group of children and mothers.

They found a significant excess of minor anomalies considered characteristic ofhydantoin

syndrome in the children ofepileptic mothers and in the epileptic mothers compared with

the non-epileptic control group, suggesting a genetic Iink to epilepsy. The risks of

developmental disturbances were also much lower than in some earlier reports of fetal
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hydantoin syndrome.

2.5.4 Valproate and spina bifida

An association between in utero exposure to valproic acid and spin:l bitida was initially

reported in France in 1982 by Robert and Guibaud (1982). They pcrformcd a case

control study using spina bitida cases reported through the Rhone-Alps birth dcf..'Ct

surveillance system as cases and other structural malformations reported in the

surveillance system as controls. The study fOl1nd that there had bccn in lItel"ll eX!X'sllre

to valproic acid among 9 of 146 spina bitida cases, but in utero exposllre in only 21 of

the 6,616 control anomalies, yie1ding a relative risk of20.6 (95% CI 8.2-47.9) for spina

bitida with va1proic acid exposure. When the analysis was restricted to 71 women with

maternai epi1epsy the high risk persisted (RR 17.1,95% C12.1-76.9).

Attempts to replicate the tinding in other countries were limited by the tact that valproic

acid had not been widely used outside France and ltaly. A case-control study from Italy

(Mastroiacovo et al., 1982) and a Dutch report (Lindhout and Meinardi, 1984), although

based on small numbers, found evidence suggesting similarly high relative risks. A

thorough review of valproic acid teratogenicity \Vas published by Lammer et al. in 1987

which details the case reports and case series, the case-control studies, the cohort studies

and the experimental animal studies.

1'0 address the small numbers problem, Lindhout and Schmidt (1986) sent questionnaires

to 18 groups doing prospective cohort studies of birth outcome among women with

epilepsy to ask them about spina bitida and/or anencephaly in relation to tirst trimester

anticonvulsant exposure, in particular valproic acid. Thirteen groups shared data with

the authors allowing them to assemble information on 2,332 infants bom to women with

epilepsy. Eleven of the 2,111 infants exposed in utero during the first trimester to any

anticonvulsant had spina bifida and one additional infant had anencephaly. There were
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:: cases of spina bilida and 1 anenccphaly case among the 1::0 women taking valproic

acid only (::.5 %), 3 spina bilida cases among the 273 women taking valproic acid and

other anticonvulsants (1.0%), and 6 spina bilidas among the 1.718 women on other

anticonvulsants (0.35%).

The authors convincingly argue that the results are unlikely to have been seriously

skewed by potential biases that could have been introduced by selective response to the

questionnaire or differences in background incidence of neural tube defects in the

different population studies. They conclude that "The results confirm that valproic acid

exposure during the first trimester is casually associated with a considerably increased

risk of neural tube defects of 1.5% (95% confidence limits 0.42-3.00%)."

2.5.5 Carbamazepine and spina bifida

Carbamazepine came under suspicion as a cause of spina bifida shortly al'ter valproate

was implicated. Twelve cases of spina bifida had been observed among 60 infants with

birth defects exposed in utero to carbamazepine (Sullivan and McElhatton, 1975; Sullivan

and McElhatton, 1977). Al'ter further case reports of spina bifida following

carbamazepine exposure were reported to the Federal Drug Adminstration in the United

States, Rosa (1991) decided to examine the association more c10sely by conducting his

own study using Michigan Medicaid data as well as collecting data from other existing

cohort studies. By combining information l'rom the 20 cohort studies that he was able

to locate which inc1uded epileptic women with carbamazepine exposure during

pregnancy, Rosa found the following: 9 cases of spina bifida among 612 women treated

with valproic acid (but not carbamazepine) during pregnancy; 9 cases of spina bifida

among 984 women following carbamazepine (but not valproic acid) exposure; but only

6 cases of spina bifida following 4,489 pregnancies with exposure to other

anticonvulsants.
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These findings lead Rosa to conclude that exposure to carbamazepine (without concurn:nt

exposure to valproic acid) cames al % risk of spina bitida--a relative risk of 1.'.7 (95%

CI 5.6-33.7) compared to the expected background rate in the populations studied. The

Mamel-Haenszel weighted relative risk of spina bitida after carbamazepine exposure in

the studied cohons was five times higher than al'ter exposure to anticonvulsant drugs

other than valproic acid (RR 5.2 (95 % CI 2.0-13.8). and 40% lower than with valproic

acid (RR 0.6; 95% CI.2-!.7).

2.5.6 Other disorders

A number of other disorders besides major malformations and dysmorphic features have

been associated with prenatal exposure to anticonvulsant drugs. These include ment..l1

retardation. growth retardation in the prenatal and postnatal period. ncoplasia. scizures

and transient postnatal dysfunction (Dansky and Finnell. 1991).

2.6 Experimental findings From animal studies

Animal studies provide a useful adjunct to epidemiologic studies because they allow

researchers to experiment under controlled conditions. facilitating the devclopmcnt of

testable hypotheses and elucidation of mechanisms. At the same time meaningful

extrapolation of teratogenicity From animal studies to the human situation has imponant

limitations, particularly the following: 1) extreme insults to pregnant animaIs arc likcly

to cause malformed offspring but are unlikely to represent the human situation (Fraser,

1959); 2) a drug that is teratogenic in one species of animal is often not teratogenic in

other animal models; 3) a drug that is not demonstrably teratogenic in animais may be

teratogenic in man and 4) a drug that is demonstrably teratogenic in ani mals may not be

a human teratogen.(Fraser, 1964) Furthermore, experimental studies may suffer From

shoncomings including inadequate power, improper selection of dose, lack of proper

control groups and unnatural routes of drug administration.(Wilson and Fraser, 1977)
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Over 60 animal studies examining anticonvulsantteratogenicity have been reported in the

literature over the last 25 years. A thorough review of the experimental evidence on the

teratogenicity of sclcctcd anticollvu\sant drugs was recently pu1:>lished by Finnell and

Dansky (1991). Bccause of the limitations of reproductive toxicology mentioned above,

the extensive liter"ture in the area, and this recent detailed review, the summary here is

limitcd to highlighting the major experimental findings.

Table 2.6.1 p~ovides a brief overview of the published experimental research into

anticonvulsant teratogenicity. Because individual defects are rare and may easily occur

in excess in any one study by chance, it is not surprising that the anticonvulsants most

studied would a1so have the widest spectrum of anomalies that had been observed to be

elevated. Several factors Iikely contribute to decisions about which anticonvulsants are

most studied, in particular the results of the earliest animal experiments and the focus of

concems raised in human studies. Only phenytoin, phenobarbital and valproic acid have

receivcd particular attention in the experimental research.

Phenytoin

Phenytoin has been the most studied anticonvulsant and study has been concentrated in

rodents, primarily mice. The research on phenytoin has focused a1most exclusively on

the ability of phenytoin to induce orofacial cIefts (Finnell and Dansky, 1991). The

experiments in mice have cIearly demonstrated susceptibility to clef! palate in a number

of strains of mice (Harbison and Becker, 1969; Harbison and Becker, 1970; Gibson and

Becker, 1968; Staples, 1972; Mercier-Parot and Tuchman-Duplessis, 1974; Fritz et al.,

1976; Miller and Becker, 1975; Paulson et al., 1979) and a1so marked differences in

strain susceptibility (Gibson and Becker, 1968). The association has a1so been

demonstrated in the rat (Harbison and Becker, 1972).

Decreased fetal growth has been reported to be associated with phenytoin in a number
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of the studies, while a variety of other congenital mal formations have been reported Iess

often to be increased with phenytoin.

A mouse mode! with spontaneous seizures, controlled with chronic phenytoin

demonstrated a relationship with the overall mal formation rate in the olïspring th;1l was

heavily dose dependent. Anomalies observed inclllded renal, ocular, cardiac det":cts,

abnormal digits, but c1eft palates were :lbserved only at the highest dose 1evel.(Finnell,

1980)

In both of the studies of mice which compan.'d several of the more common

anticonvulsants, phenytoin was found to be the most teratogenic. (Sullivan and

McElhatton, 1975; Sullivan and McElhatton, 1977; Kao ct al., 1979) Primidonc and

phenobarbital were modestly teratogenic, while c1onazcpam, cthosllximidc and

carbamazepine showed little teratogenic potential.

A variety of hypotheses have been put forth to explain phenytoin 's teratogenic efti.'ct

including phenytoin's interference with folate metabolism and that phenytoin may be

metabo\ized to a reactive intermediate, a1though which enzymatic pathway and metabolite

is controversial. Despite concerted effort by a number of researchers, however, the

meehanism by which phenytoin exerts teratogenic effeet is still unknown.(Finnell and

Dansky, 1991)

Phenobarbital

Although phenobarbital is more widely used for the treatment of epilepsy than phenytoin

and is often used in therapy in conjunction with phenytoin, it has received remarkab1y

\ittIe attention in experimental work compared to phenytoin (Finnell and Dansky, 1991).

As weil, there has been \iUle experimental research involving the combination of the two

drugs or other anticonvulsant combinations.(Finnell and Dansky, 1991) Phenobarbital
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was found to incrcase major malformations in mice in one study, particularly cleft palate,

neural dcfccts and skcletal defects. However, in another study, administering the same

dose intrapcritoncally instcad of orally did not produce a teratogenic effeet. A study of

r.lts did not find an effeet at the doses examined.

Valproie Acid

Valproic acid is the only other anticonvulsant that has received much attention in

cxpcrimcntal rcscarch. Valproic acid has demonstrated a teratogenic potential in the

mouse, rat, rabbit and rhesus monkey.(Nau and Hendrickx, 1987) Several studies have

found a relationship betwecn anterior neural tube defeets and valproate in mice but the

rclationship has not becn found in the single studies of rabbits and monkeys or the IWO

studies with rats. Widely differing strain susceptibility in mice and the formation of

neural tube defeets has becn observed suggesting a strong genetic component.(Finnell,

1992; Finnell et al., 1988; Finnell et al., 1986; Seller et al., 1979) In humans concern

has focused on posterior neural tube defeets, but these defeets have not becn replicated

in the animal studies to date.(Finnell and Dansky, 1991) Skeletal anomalies have becn

the most commonly reported malformations across different types of animal studies of

valproic acid.(Finnell and Dansky, 1991)
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Table 2.6.1

Summary of experimental animal studies of anticonvulsant drug teratogenesis

•

Phenytoin
Mouse Rat Cal

Valproic acid
Mouse Rat Monkey Rabbi!

Phenobarbital
Mouse Rat

Carbamazepine
Mouse Rat

Primidone----
Mouse Rat

Trimethadione-------- ---

Mouse Rat

Number of studies

Elevated Risks Observed
Cletl palale
Cletl Iip
Decreased fetal grolYth
Neural defects
Teralogenic effects
Renal defects
Skeletal defects
Cranio-facial defects
Spina bifida
Cardiac anomalies
Tracheo-esophageal fislulas
Urogenital
Limb defects

43

...
8

..

..

1 9

...

2 2 1 6 1 4 1 2 o

••• reported otlen; •• reported in some studies; • reported
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2.7 Conclusion

This brief review of the literature has attempted to demonstrate the complexities involved

and the limitations in knowledge related to the evaluation of the potential teratogenicity

of anticonvulsant Iherapy during pregnancy. The situation confronted by researcher and

practitioner in this field are appropriately summarised as follows:

"Despite numerous studies in which associations have becn described, it still

remains obscure to what extent anticonvulsant drugs are the cause of

abnormalities in the offspring of epileptic women, and whether changes in

prescription policy may contribute to prevention." (Lindhout, 1985)

This thesis will attempt to fill gaps in the cxisting knowledge in two ways:

First, the problems involved in assembling data on large numbers of births to women

with epilepsy have severely limited the number of studies with the statistica1 power to

adequately evaluate anticonvulsant risk. Saskatchewan Hea1th's databases provide the

potential to undertake one of the largest studies of anticonvulsant teratogenicity to date,

with perhaps 500 women expose<! to anticonvulsants during the first trimester of

pregnancy. The study will be prospective in nature and because the study will be

essentially population based it should have more generalizability than the many existing

clinic-based studies. Furthermore, useful comparison groups of offspring of fathers

dispense<! anticonvulsants, and of offspring of women not taking anticonvulsants can be

assembled in precisely the same way.

Second, the inadequate power of most of the existing studies has greatly hampered

understanding of the teratogenic risk associated with anticonvulsants. By quantitatively

synthesizing the results of existing studies in a statistica1ly appropriate way and at the

same time presenting the data in ways that a1low maintenance of individual study

integrity, one should be able to gain new insights into the existing data that neither the

individual studies nor existing narrative reviews can provide. Meta-analytic techniques
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offer a systematic approach for sllmmarising the reslilts of the more than 60 pllblished

studies.
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CIIAPTER 3. META-ANALYSES

3.1 Introduction

ln this chapter two meta-analyses of the existing epidemiologic studies of anticonvulsant

teratogenicity are presented. As self-contained research quite separate from the

Saskatchewan component of the thesis and as a natura! progression from the literature

review in Chapter Two, they are presented in journal article format in this chapter with

their own discussions and references. The first meta-analysis compares the risk of major

malformation among the offspring of epileptic women treated with anticonvulsants during

the first trimcster of pregnancy with the risk among offspring of mothers without first

trimester anticonvulsant therapy. The second meta-analysis compares the malformation

risks associated with various anticonvulsant therapics.

Meta-analysis (also referred to as systematic overview, research synthcsis, or integrative

research review) is a set of techniques used to provide a systematic quantitative overview

of the existing research concerning a specifie issue. (Jenicek, 1989) Centra! to the

concept is the use of the single study as the individual unit of statistica1 analysis

(Greenland, 1989). Literature reviews tend to describe the rcsults of existing studics and

provide a subjective and not neccssarily reproducible evaluation of the literature. "A

meta-analysis tends to address sharper questions, usually with quantitative answers."

(Louis et al., 1985). In meta-analysis criteria are developed for finding studies,

evaluating study quality and deciding on which studies will be included in the analysis.

The intention is to make the overview such that independent researchers using the same

criteria would be likely to produce similar results if they were to overview the same

research question. A meta-analysis may contribute to a Iiterature review, but review

papers are generally wider in seope than meta-analyses. (Louis et al., 1985)

Meta-analysis originally developed in the 1970's in the field's of psychology and

education, when researchers rea1ized the shortcoming of the narrative approach, even
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when done quite carefully. A seminal work on the meta-analytic tedmique in psychology

and education by Light and Smith was published in 1971. "Classical meta-analysis"

attempted to bring together as many published and un-published rese.'1reh studies on a

subject as possible. without taking into consideration issues of study quality. to assess the

effectiveness of treatments. programs and interventions (Jenicek. 1989). Important bo<.,ks

on meta-analysis were written by Glass et .'11.(1981) and Light and Pillemer (198~).

As the techniques of meta-analysis started to gain currency in medical rese;\rch during

the 1980's it became apparent that studies conceming a sJX.'Cilïc medical question were

often much more heterogeneous in design than studies to answer a question in the social

sciences and that the qua1ity of individual studies and cross-study heterogencity nccded

to be given carefu1 consideration if meta-analytic techniques were to be appropriatcly

applied in medicine. At the same time it was recognized that "a meta analysis can le.'1d

to stronger inferences about a subject" because "by taking account of information on the

same topic from many sources. a meta-analysis can increase the statistical and scienti lie

credibi1ity of a result, partly because of the variety of sites and cîrcumstances

represented." (Louis et al., 1985) A number of papers have appeared in reccnt years that

address the issues involved in applying meta-analysis techniques to the review of

epidemio10gic literature. (Louis et al., 1985; Chalmers et al., 1987; Jenicck, 1989;

Greenland, 1989)

A number of meta-analyses have now been published in the field of epidemiology, in

particular for evaluating the results of randomized controlled trials of health care

(Chalmers et al., 1989; Early Breast Cancer Trialists' Collaborative Group, 1990) but

also for overviewing observational research (Wald et al., 1986; Longnecker et al., 1988).

The anticonvulsants-birth defects issue seemed suited to meta-analysis because 1) thcrc

existed a large number of quite small studies each with very Iimited statistical power and

2) although the settings and designs varied, the basic approach of almost ail studies was

similar--a folIow-up approach to studying hospital-ascertained birth outcomes for a series

women with epilepsy whose anticonvulsant therapy had been recorded during pregnancy.
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3.2 Mcta-analysis of the Risk of Congenital Malformation in the Offspring of Women
with Epilcpsy: A Graphical Presentation

META-ANALYSIS OF THE RISK OF
CONGENITAL MALFORMATION

IN THE OFFSPRING OF WOMEN WITH EPILEPSY:
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ABSTRACT

A meta-analysis was performed to consolidate and quantitatively summaris.: the

epidemiologic evidence conceming the association between anticonvulsant ther.lpy during

the first trimester of pregnancy in women with epilepsy and the risk of congenital

malformation among the offspring. The meta-analysis made use of data from published

reports of 37 epidemiologic studies. A comparison of congenital malformation risk

among offspring of epileptic mothers with first trimester anticonvuls.:mt eXI~)sure

("exposed") relative to offspring of non-epileptic parents yielded a study-stratitied

Mantel-Haenszel summary estimate of the relative risk (RR) of :2.6 (95 % conlidence

interval (CI) 2.1-3.2). Congenital malformation risk among the offspring of exposed

epileptic women relative to unexposed epileptic women yielded a summary risk of :2.9

(CI =2.0-4.2). For cleft lip and/or palate and for congenital heart anomalies. summary

risks for offspring of exposed epileptic women relative to offspring of non-epileptic

women were 10.9 (CI=7.3-23.S) and 8.4 (CI=3.9-IS.7). respectively. No evidcnce of

increased malformation risk to unexposed epileptic women compared to non-epilcptic

women was evident (RR=0.9, CI=0.S-1.6) .
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Il'iTRODUCTION

Epidemiologic rescarch into the teratogenicity of anticonvulsant drugs spans more than

25 ycars and encompasscs over 60 studies. Nevertheless, the role of anticonvulsants in

the incrcascd risk of birth defects among offspring of epileptic mothers remains poorly

undcrstood"'. Problcms inherent in stuàying anticonvulsant teratogenicity2':\ coupled

with difficulties associated with combining results from disparate studies' have limited

our understanding of anticonvulsants' teratogenic risk.

Individual studies in this area have generally lacked sufficient statistical power to

convincingly evaluate risk. Literature reviews have failed to adequately quantify the

existing data on the risks offspring of exposed epileptic mothers experience relative to

the offspring of natural comparison groups (e.g. unexposed epileptic mothers, epileptic

fathers, and non-epileptic parents). For example, few of the individual studies or

reviews have presented confidence limits and have thus failed to indicate the degree of

precision of point risk estimates.

In four recently published reviews of the literature2...., summary measures ofbirth defect

risk for specific epileptic exposure groups were created by simply pooling numerators

and denominators from individual studies, a method which has been noted to be

inappropriate7
.". The authors of another recent review9 suggested that individual studies

were not strictly comparable because of differences in definitions of anomalies as weil

as in the type, extent and duration of follow-up and avoided quantitative summarization.

In this paper a meta-analytic approach focusing on graphical presentation of relative risks

and confidence intervals for individual studies was adopted to compare .:ongenital

anomaly risk between the offspring of epileptic women and other parents. By using the

graphical approach, we were able to concisely summarize the results of a large number

of studies in a way that facilitates observation of patterns of risk, while maintaining

individual study integrity.
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MATERIALS AND l\IETHüDS

The National Library of Medicine's compllterized English-Ianguage d;\l;\bases l'rom 1<l()()

to March 1990 were searched using MEDLlNE for papcrs deseribing sludies of

anticonvulsant use by epileptic women and congenit.,l anomalies in their olïspring. The

search employed the terms "abnormalities. drug induc~'<!". in comhinalion with the \""rd

"anticonvulsants". References l'rom the located papcrs as well as l'rom live reeent

reviews1
•
4

'
6
.' were also used to identify studies.

Epidemiologic studies reporting on congenital anomaly risk in the olïspring of epileptic

women were deemed eligible for inclusion in this analysis. 80th retrospcctiv:: ;lIld

prospective studies were considered for inclusion but case reports were not. Studies

reporting rates of congenital anomalies in the offspring of epileptic mothers and in the

offspring of epileptic fathers or non-epileptic parents were considercd for this analysis.

Studies reporting on women with epilepsy taking anticonvulsants during the lïrsttrimester

("exposed epileptic women") and women with epilepsy not on anticonvulsant therapy

during the first trimester ("unexposed epileptic wornen") were also considercd.

Although we were interested in the occurrence of major congenital anomalies. few papcrs

presented specific information about the criteria used to define the type and severity of

malformations studied. Studies published before 1980 typically described the outcome

of interest as "congenital malformations", subsequently the terms "major" and "minor"

anomalies came into increasing use. We included studies employing terms such as

"congenital malformations", "serious anomalies", and "serious physical disfiguremenlS".

If the report distinguished "major" l'rom "minor" anomalies we included data on vnly the

major anomalies. Studies reporting only on minor anomalies, dysmorphisms or the

occurrence of anticonvulsant "syndromes" were not eligible for inclusion.

Establishing the quality of a number of the individual studies was difficult. First, the

description of the methods and materials was often short and vague. Second, details
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n:quir~d te judg~ the quality of routine birth records and the extent of birth defect

asccrt<linme.ll were frcquent!y lacking. Third, we could not establish that those

examining infants had becn blinded to epilepsy or anticonvulsant status in the vast

majority of retrC'spective or prospective studies. On the other hand, about 95 % of the

studies wc locatcd were of a follow-up design, a design not generally perceived to be as

open to serious bias as the case-referent (case-control) design. Typically the studies

involved following up ail the women attending a clinic for epilepsy, or the births of an

entire population. [n consideration of the above factors and the problems of small sample

size that plague many of the studies, we decided to evaluate the methodological strength

of individual studies on a simple relative ranking of unacceptable, "uncertain" (U),

"adequate" (A) or "sound" (S), present the results for ail studies not labelled

unacceptable, and contrast the results obtained from ail acceptable studies with those

labelled "sound".

The following criteria were used to evaluate the quality of individual foHow-up studies:

1) a medical diagnosis of epilepsy;

2) medical record evidence of the anticonvulsant use in the first trimester;

3) anomaly ascertainment (intensity of search) that appeared to be independent of

antic~~...!.!!sant exposure; and

4) Joss to follow-up that appeared independent of anticonvulsant exposure.

The methodological quality of case-control studies was evaluated using criteria one and

two above plus the following:

a) for su:dies involving co:nmunity controls, choice of controls that would

indicate that had they becn diagnosed with a major malformation they would have

becn selected as case:;;

b) data collected for cases and controls in a similar manner;

c) the same exclusion criteria applied to cases and controis; and

d) if an interview was involved, the interviewer was blinded to case-control

status.
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Study methodological quality was evaluated by one of the authors (Ken without

examining study results and where a decision on quality was unclc;\r .\ consensus was

reached between authors. Follow-up studies were eategorized as follows. Studies that

clearly met the first four criteria were labelled "sound". Studies that appc;lred to meet

the first four criteria. but where the details were sketchy. or that appe<lred sound but did

not meet criteria one or two. were rated "adequatc". Studies that provided too little

information to evaluate whether criteria were met were labc.:lled "unccnain". Studies

clearly not meeting criteria three or fùur were excluded. Case-control studies not

meeting criteria a\ b) and e) were excluded. Case-control studies meeting ail the criteria

set for case-control studies were labelled "sound"; if criteria one or two was not met the

study was labelled "adequate"; and ifsome methodological details werc unclcar the study

was labelled "uncertain".

Data from acceptable studies performing any of the following comparisons were

abstraeted: mothers with epilepsy versus mothers without epilepsy. exposed mothers with

epilepsy versus mothers without epilepsy and exposed mothers with epilepsy versus non

exposed mothers with epilepsy. For each (Wo-group comparison, within study estimates

of the relative risk (RR) and exact 95 %cr were calculatcd using the odds ratio ::nd exact

95 % CI routines available in EGRETIO
• With rare outcomes like birth defects. odds

ratios provide a close approximation of the RR. Because many of the studies includcd

were small, exact calculations of 95 % CI were preferable and werc available in EGRET

for odds ratios but not for RR's. Using odds ratios also allowed direct inclusion of case

control studies in summary estimates.

Once all of the within-study RR estimates and 95% crs had bcen calculatcd for a

comparison, the individual risk estimates were ordered by 95 % cr width, and the risks

and crs plotted using a log scalell • Estimates of the summary RR and associatcd exact

95 % CI were also calculated10 using the Mantel-Haenszel procedurel2
, in which risks

from individual studies are weighted according to their precision (i.e. inversely to the
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variance of the odds ratio). When no congenital anomalies were reponed in a study for

one of the exposures being compared. the RR for that comparison was either undefined

or zero and the study was not ploned. because of its low information value and the visual

distraction causcd by very wide crs. although the comparison did contribute to the RR

summary estimate.

The graphical approach to study synthesis and presentation allows one to maintain

individual study integrity thus avoiding the explicit assumption of homogeneity required

for statistical summarisation. Il a110ws one to evaluate the degree of heterogeneity among

studics, the role of study quality and the contributions of specifie studies to summary

estimates. The role of study quality was assessed by comparing the results obtained from

all "acceptable" studies with the results of the subset of acceptable studies labelled

"sound". The homogent:ity of the RR's was evaluated by examining each graph for a

cornmon area where all the confidence intervals overlapped, which would indicate study

homogcneity.

RESULTS

Repons on 61 analytic epidemiologic studies of binh defects in the offspring of epileptie

mothers were identified3.'3... as well as three case-control studies of drug exposure and

binh defects'4.70.71. Thirty-nine studies 14.n.'...31.34.36.39.40.43....,46,47,49.SI.S4.S6.S8.61..3.6S.67reponed

on at least two of the comparison groups of interest bilt two did not meet the design

criteria'"·?·. Appendix 3.2.1 summarises the design charaeteristics and Table 3.2.1

summarises the results of the 37 studies used in the analysis. Among the 37 induded

studies 21 (57%) received a methodological quality assessment of "sound".

ln Figure 3.2.1, the risk of congenital anomalies among offspring of mothers with

epilepsy is compared to that among offspring of non-epileptic mothers. Studies reporting

separately on livebirths to exposed and unexposed epileptic women were compared using

exposed women only. Ali 20 point risk estimates were greater than 1.0. The lower 95%
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confidence limit excceded 1.0 in ni ne of the ten studies with the most precise estimates

of risk. The 16 studies in which exposed epileptic women could he spcci lied. yiclded

a Mantel-Haenszel summary risk of 2.6 (95 % CI 2.0 - 3.l).

Figure 3.2.2 compares exposed and unexposed epileptic mothers. The exp•.'sed epilcptics

generally experienced higher risk than the unexposed epilcptics: Il of the l-l risk

estimates were greater than one. The 95% Cl around ail of these estimates. however.

were wide because of the small numbers of unexposed epileptics. A Mantcl-Haenszcl

summary risk estimate of 2.8 (95% Cl 2.0 - 4.2) was calculated.

Unexposed epileptics and non epileptic controis are compared in Figure 3.2.3. The plOl

provides no evidence that unexposed epileptics were at incrcased risk compared 10 non

epileptic controls; the summary risk estimate is 0.9 (95% Cl 0.5 - 1.6). Restriclion of

the analyses to studies given a methodological quality assessmenl of "sound" did nol

materially change the results in any of the above comparisons.

The seven studies which compared the offspring of molhers wilh epilepsy and falhers

with epilepsy yielded a summary risk of2.0 (95% Cl 1.5-2.7). (See Figure 3.2.4.) Six

of seven point estimates were above 1.0. The composition of the comparison groups

varied among these studies. Generally. exposed and unexposed epileplics were nol

distinguished, or exposed mothers were compared to exposed and unexposcd fathers,

diluting the precision of the comparison. Furthermore, the two studies producing the

most precise risk estimates were given the methodological quality assessment of

"uncertain" .

Congenital heart defects and clef! lip and/or palate are generaIly considercd the two lypes

of major malformations elevated in association with the use of anticonvulsants. Data on

these IWO malformation types are presented in Table 3.2.2 and risks for epileptic women

and non-epileptic women compared in Figures 3.2.5 and 3.2.6. Among the five studies

reporting heart defects for treated epileptics, three of the relative risks are over eight.
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Th~ summary point ~stimate is 8.4 (95% CI 3.9-15.7). The four studies which include

ail ~pilcptic women present a Jess extreme picture although two of the confidence

intervals do not include 1.0. Ail elcven studies wilich reported cleft lip and/or palate for

offspring of both epileptic and non-epileptic women reported risks of clef! lip and/or

palate above one. Over half of the individual 95 % Cl did not include 1.0. The

summary risk estimate was 10.9 (95 % Cl 7.3 - 23.5). Two of the studies that did not

receivc the "sound" methodological assessment had the highest clef! palate and/or lip risk

estimates; removing the uncertain studics somewhat reduces the risk estimate.

Only one hcart defcet and two cleft lip and/or palates were reported for the offspring of

the uncxposcd epilcptic womcn precluding meaningful comparisons be(Ween exposed and

uncxposed cpilcptic womcn.

DISCUSSION

Thcre is strong. consistent evidence that the offspring of epileptic women with first

trimcster anticonvulsant exposure experience a (Wo- to three-fold increase in congenital

anomalies in comp~rison to a similar non-epileptic control population not exposed to

anticonvulsants. High risks of congeni:al heart defects and cleft Hp and/or palate

contribute to the increased risk among the offspring of exposed epileptic women.

There is no evidence that epileptic women not exposed to anticonvulsant drugs during the

first trimester are at increased risk of having children with congenital malformation. The

summary risks were almost identical when exposed epileptics were compared te

uncxposed epileptics and to non-epileptics. No difference in risk was apparent in direct

comparisons of unexposed epileptic mothers and non-epileptic mothers.

Publication bias. which arises if studies with positive results are more likely to be

published and thus a biased set of studies is available for analysis, is a central concem
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in meta-analysis7
,,7,'. However. the likclihood of puhlication hias may he !css than in

other areas of study because the question of anticonvulsantteratogenidty is multi-faœled.

Unlike randomized controlled trials of a specitic therapy which ot'ten rcsu\t in a positive

or a negative answer to a single question. epidemiologic studies of antiwnvuls;lllt

teratogenicity have generally examined the risks of a variety of anticl)nvuls;mt therapies

and have lacked the statistical power to evaluate the risk of any p.1.rticular therap)'.

A more important problem in this field may be selective rcporting of the exposure and

outcome. It seems quite possible that spt.'Citic outcomes would be more likdy to have

been reported where a high risk was encounten.'d. For example. although 19 sludies

compared exposed epileptics with non-epileptic controls. in only 10 could the rates of

heart defects be extracted for both groups. If it happened that heart dett.'Ct rates were not

reported or not properly reported where no substantial increase in risk was observed

(i.e. not including number of livebirths and number of heart defects for both epileptic and

non-epileptic groups), then it is possible that there was no substantial incrcase in hcart

defect risk in nine of the nineteen comparison studies. If this were the case it would

temper the heart defect results that have been presented and would tend to indicate thal

either the summary risk was overestimated or that two different phenomena were being

observed7
•

Other reviewers have argued that studies are not directly comparable bccause of

differences in study design, base population, outcome ascertainment. length of follow-up,

etc. As Greenland has pointed ouI', the homogeneity assumptilderlies statistical

summarization of individual study results--and implicitly underlies most narrative

reviews--will rarely be tenable in non-experimental epidemiological research. He argues

that the question at issue is whether the variation due to differences in covariales, bias

and exposure ascertainment is small enough relative to other sources of variation to be

reasonably ignored. It is c1ear that length of follow-up, as well as lhe range of

congenital anomalies studied will result in substantial variation in the observed anomaly

rates, but this does net mean that intra-study relative risks will necessarily be
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h<:t<:rog<:n<:ous. In the comparisons wc have plotted. the anomaly risk for exposed

<:pilcptic women was consistently higher than the comparison group. be it unexposed

epilcptic wOlllen ,epileptic fathers or non-epileptic parents. This elevated risk was

observed regardless of the follow-up strategy, anomaly definition or study population,

suggesting that the heterogeneity introduced by these factors is not overwhelming the

obscrved effect. Funhermore, the major effect of combining studies with different

outcome mcasurement and definition will be to decreasc precision of the estimates.

The "odd man out" technique7
• has been suggested as a statistically valid way of forming

summary confidence intervals for between live and ten heterogeneous studies. However,

wc employed the Mantel-Haenszel technique because it provides a summary point

estimate, can be used regardless of the number of studies summarized, maintains a

constant p-value (O.OS), and uses information from studies that can not be plotted (i.e.

risk was zero or undefined because of null numerators). Where they could be compared,

the "odd man out" intervals substantially agreed with the Mantel-Haenszel estimates.

The choices of inclusion and exclusion criteria regarding study design, execution, and

presentation are subjective in meta-analyses7•75• We chose to Iimit criteria for severa!

reasons. First, unlike most epidemiologic meta-analyses, which combine c1inicaI trials

to answer a very specifie question73
, our intent was exploratory--to quantify the existing

published literature and examine the risk patterns. Second, strict criteria would have

eliminated almost ail studies. For example, few repons mentioned whether or not those

examining children for anomalies were blinded to the mother's epilepsy status or

anticonvulsant use. Third, for ail the potential flaws in individual studies, the

shoncomings in reponing and heterogeneity between studies, "a reasonable person" will

have to tolerate a cenain degree of ambiguity and he influenced by the weight of

evidence.

The meta-analysis does not help to resolve the issue of potential confounding by the type

of epilepsy, the severity of epilepsy, or familial disposition to both seizures and certain
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types of congenital malformations. Few of the published studies pwvided cstimatcs of

malformation risk stratilied by any of these factors. In an ar.:;\ whcrc individual studics

lack statistical power and a synthesis of data from diffcrcnt studics is nc.:cssary t"

mitigate this problem. it is important that study rcsults are prescntcd. stratiticd on

potential confounders.

Comparison of exposed epileptic mothers to other control groups is only one as{X'Ct "f

assessing the teratogenicity of anliconvulsant drug use. With slrong evidenet: of a two

to three-fold increase in risk among offspring of exposed epileptic women relative to non

epileptic women, together with general agreement that epileptic women remain on

anticonvulsants during pregnancy'·, one important lOCus for future rese.'lrch would be a

quantitative summarisation of congenital anomaly risk associatcd with spccitic

anticonvulsant therapies.
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Table 3.2.1

Results of 37 studies reporting on the incidence of malformations in the offspring of epileptic molhers and a comparison group'

ALL EXPOSED UNEXPOSED
EPILEPTIC EPILEPTIC EPILEPTIC REFERENCE EPILEPTIC

AUTHORS YEAR COUNTRY ASC" MOTHERS MOTHERS MOTHERS POPULATION FATHERS' ..

LB CA"""· LB CA LB CA LB CA LB CA

RETROSPECTIVE STUDIES

JANZ and FUCHS 1964 GFR 345 5 225 5 130 0
MARONI and MARKOFF 1969 GFR 35 1 21 1 14 0
ELSHOVE and VAN ECK 1971 NL 65 10 65 10 11,986 221
WATSON and SPELLACY 1971 USA Y 51 3 51 3 50 0
SPEIDEL and MEADOW 1972 UK Y 383 17 324 17 59 0 442 7
BJERKEDAL and S BAHNA 1973 NORWAY Y 375 17 112,328 2,47î
FEDRICK 1973 UK Y 217 30 198 28 19 2 649 36
KOPPEet al 1973 NL Y 192 13 125 11 67 2 12,175 462

LOWE 1973 UK Y 245 12 134 9 111 3 31,632 865
MILLAR and NEVIN 1973 IRE N 110 7 110 7 32,227 1,235
NISWANDER and WERTELECKI 1973 USA Y 413 17 345,584 9,216
STARREVELD-ZIMMERMANN et al 1973 NL 297 22 279 20 18 2
BARRY and DANKS 1974 AUSTRALIA 93 13 73 13 20 0
KNIGHT and RHIND 1975 UK 140 6 97 4 43 1 69,000 2,484

SHAPIRO et al 1976 FINLAND Y 2,784 8 2,784 2
WEBER etai 1977 FR 655 25 569 23 86 2 5,Q11 110

ANNEGERS et al 1978 USA Y 259 21 177 19 82 2 748 26 234 9

•• ASC = ascertalnment of congenital anomalies ln non-epileptic contrais,
if y (Yes), indicates thatthe same methods, sources and folloY/-up Y/as used as for the
offspring of the eplleptic mothers

• •• exposed and unexposed eplleptic fathers except Meyer (exposed only)
• • •• LB = live blrths; CA = congenital malformations

(conlinued)



• •
Table 3.2.1 (continued)

ALL EXPOSED UNEXPOSED
EPILEPTIC EPILEPTIC EPILEPTIC REFERENCE EPILEPTIC

AUTHORS YEAR COUNTRY ASC" MOTHERS MOTHERS MOTHERS POPULATION FATHERS· ..

LB CA...... • LB CA LB CA LB CA LB CA

MAJEWSKI el al 1980 GFR 111 24 93 21 18 3
NAKANEel al 1980 JAPAN 638 63 478 55 129 3
BECK-MANNAGETTA et al 1982 GFR 397 61 268 53 129 8 371 41
BJERKEDAL 1982 NORWAY Y 3,879 170 3,879 136
DANSKYel al 1982 CANADA 88 14 46 3 100

KOCH el al 1982 GFR 34 4 32 4 2 0
L1NDHOUT el al 1982 NL 165 16 151 15 14 1
SATISH and KALAYANARAN 1984 INDIA 32 N/S 43 N/S 89 N/S
KALLEN 1986 SWEDEN 548 20 93 4
ROBERTelal 1986 FRANCE 147 8 35 0

PROSPECTIVE STUDIES

SOUTH 1972 UK Y 31 2 22 2 9 0 7,865 190

KUENSSBERG and KNOX 1973 UK Y 48 3 48 3 14,620 447

GOUJARD el al 1974 FR Y 42 1 39 1 3 0 12,691 219

SHAPIRO el al 1976 USA Y 305 20 102 5 49,971 1,373 396 18

BOSSI el al 1982 ITALY 49 4 46 4 3 0
GRANSTROM and HIILESMAA 1982 FINLAND N 147 7 134 7 16 0
HILL el al 1982 USA Y 59 11 59 11 252 5

KOCH el al 1982 GFR 109 11 89 9 20 2 43 2 19 3
MIYAKOSHI and SEINO 1984 JAPAN 123 20 9 0
KANEKO el al 1988 JAPAN 97 5 15 0

•• ASC =ascerlainmenl of congenilal anomalies in non-epileptic controls,
il Y (Yes), indicales Ihallhe same melhods, sources and follow-up was used as for Ihe
offspring of Ihe epileplic molhers

••• exposed and unexposed epileptic falhers except Meyer (exposed only)
• • • • LB =live births: CA =congenital malformalions
N/S not specified
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Table 3.2.2 Congenital heart defects and cleft lip and/or palate in the offspring of epileptic and non-epileptic 1'I0men

CONGENITAL HEART DISEASE CLEFT UP AND/OR PALATE
ALL EXPOSED UNEXPOSED ALL EXPOSED UNEXPOSED
EPILEPTIC EPILEPTIC EPILEPTIC REFERENCE EPILEPTIC EPILEPTIC EPILEPTIC REFERENCE

AUTHORS MOTHERS MOTHERS MOTHERS POPULATION MOTHERS MOTHERS MOTHERS POPULATION

RETROSPECTIVE STUDIES

JANZ and FUCHS 3
MARONI and MARKOFF
ELSHOVE and VAN ECK 2 5 27
WATSON and SPELLACY 0 0
SPEIDEL and MEADOW 6 1 3 1

BJERKEDAL and S BAHNA 4 675
FEDRICK 2 5 1 0
KOPPE et al 1 20
LOWE 1 49
MILLAR and NEVIN 2 70
NISWANDER and WERTELECKI 5 1,624 3 518
STARREVELD-ZIMMERMANN et al 4 0 4
BARRY and DANKS
KNIGHT and RHIND 3 379 2 76
SHAPIRO et al case-control
WEBER etai 10 24 6 7
ANNEGERS et al 8 0 4 4 0
MAJEWSKI et al
NAKANE etai 14 15 0
BECK-MANNAGETTA et al
BJERKEDAL 11 12 13 7
DANSKYet al 6 1 3 0
KOCH et al
UNDHOUT et al
SATISH and KALAYANARAN 1 0 1
KALLEN 7 0 2
ROBERT etaI
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Table 3.2.2 (conlinued)

CONGENITAL HEART DISEASE

•

CLEFT UP AND/OR PALATE

AUTHORS

PROSPECTIVE STUDIES

SOUTH
KUENSSBERG and KNOX
GOUJARD et al
SHAPIRO el al
BOSSI et al
GRANSTROM and HIILESMAA
HILL el al
KOCH el al
MIYAKOSHI and SEINO
KANEKOetal

ALL
EPILEPTIC
MOTHERS

EXPOSED
EPILEPTIC
MOTHERS

3

UNEXPOSED
EPILEPTIC REFERENCE
MOTHERS POPULATION

38

o

ALL
EPILEPTIC
MOTHERS

EXPOSED
EPILEPTIC
MOTHERS

2
o

UNEXPOSED
EPILEPTIC REFERENCE
MOTHERS POPULATION

10
30

50

o
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Figure 3.2.1 Congenital anomaly risk among offspring of
epileptic women relative to offspring of non-epileptic women

STUDY AU THORS. YEAR. MSA'
lle..oSEO • lINEXe..Olilill

E!?lH.P.I.LG. -""OM EN

BJERKEflAL 62 S
SHAPIRO ct al 76 S
NISWf.NDER A 73 U
BJERKEDAL A 73 "
SHAPIRO ci al 76 S

(c.1sc·conlrol)

•

EXeQSEILEP--'ftWlIlli

WEBER ct al 77 U
FEDRICK 73 S

ANNEGERS cl al 76 S
KOPPE cl al 73 S

LOWE 73 S
ELSHOVE & 71 U

MILLAR & NEVIN 73 S
SPEIDEL & 72 S

SHAPIRO cl al 76 S
KNIGIIT & RHIND 76 A

HILL ct al 62 S
KUENSSBERG & 73 A

SOUTII 72 A
KOCH ct al 62 S

GOUJARD cl al 74 S

M-H SUMMARY s.s.T1MllIE
(F.XP-O>ln Ol'lTY)"

i
1

!
1----· --;- r jiir- - . - i ii-'I';"- - - T

0.01 0.1 1 10

RELATIVE RISK AND 95% CI
lûO

Confidence Inlervals ordered by Vlidth .

• MSA =Mothodologieal Strongth Assessmont: U =Uneortain; A =Adoquato; S=Sound.
- "-':-;"0=_-==::::-"'-=-'=-=-=-."0":-;-0. =.-=-.'. .,;_ :'--_-."-_'_-==-'-O""'---=--"::":::'-'=-= = ':_"'-'-'--=-:--'--.0 _-=- :-::-:-.,;=-=::.-;- :_-e.-_' =::_-.-.:c- -=- --:-:c,. -- -- ~-.-

"M-H ostlmJto summarlzos data from tho 15 plol\ed studios of oxposod opileptles
and 1 study not plol\ed beeause tha relative rlsk was undeflnod. Un·plOl\od study:
oxposod epllaptles - 3 malformations among 51 livo blrths (3/51);
non-epllaptle womon - 0 malformations arnong 50 live blrths (0/50).
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Figure 3.2.2 Congenital anomaly risk among offspring of
exposed epileptic women relative to offspring of unexposed
epileptic women

STUDY AUTHORS. YEAR, MSA'

BECi<-MAN. et al 82 U
1 -- -- - -

1
KALLEN 86 U

NAKANE et al 80 S

DANSKY et al 82 S

MAJEWSKI et al 80 A

LOWE 73 S

WEBER et al 77 U

ANNEGERS el al 78 S

FEDRICK 73 S

KOPPE et al 73 S

1STARREVELD-ZIM 73 U -~.. -

1

KOCH el al 82 S .~-- 1
1

LINDHOUT et al 82 S .--- -
1 --

KNIGHT & RHIND 75 A . - --.-
1

M-H SUMMARY ESTIMATE 1

-++ • -- .. 1
0.01 O. , 1 10

RELATIVE RI8K AND 95% CI

• MSA ~ Methodolo!!ieal Stren!!th A~sessment: U~ Uneertain; A ~ Adequate; S ~ Sound.
• '- - - --.~- --'--=---- -':'" -- - .----

"M-H estima te summarizes data Irom the 14 ploUec! studies and 12 studies not
plolled beeause the relative risk was undelined. See Table 3.2.' lor data. Totals
lor 12 un-plolied studles:
exposed epileptie women . 79 malformations among 1,283 live births;
unexposed epileptie women - 0 malformations among 315 live births.

100
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Figure 3.2.3 Congenital anornaly risk arnong offspring of
unexposed epileptic wornen relative to offspring of non-epileptic
women

STUDY AUTHOflS. YEAR. MGA'

LOVIE 73 S

KOPPE cl al 73 S

WEBER cl al 77 U

ANNEGERS cl al 70 S

FEORIC;< 73 S

KNIGIH 8. RI.INO 75 A

KOCII cl al 02 S

M-Il SUMMl\IrLJ"~J]M1i.Œ

•

: i T ;;~' .".,

0.01 0.1 1 10

RELATIVE RI8K AND 95% CI
100

Confidcn\.:c inter vals ordcrcd by widlh.

* MSA =Methodological Strcngth Assessment: U =Uncerlain; A =Adequate; S =Sound.

**(seo Flguro 1) M·H ostlmato Includos 3 un'plOl\od studios: unoxposed 0/59, 0/9,
0/3; non·eplleptlc 7/442, 190/7865, 219/121'91.
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Figure 3.2.4 Congenital anomaly risl< for offspring of epileptic
mothers relative to epileptic fathers

•

STUDY AUTHORS, YEAR, MSA'

BECK ct al 62 U

MEYER 73 U

SHAPIRO cl al 76 S

ANNEGERS cl al 70 S

KOCH ct _11 62 S

DANSKY ct _11':'2 S

DANSKY cl al 62b S

M-H SUMMARY ESTIMATE

0.01

r

1

1

1

1
!
1
!
!

0.1 1 10

RELATIVE RI8K AND 95", CI

1 rJ r;

ConlicJencc inter vals ordcrcd by \'/ldth .

• MSA = Methodologie.1 Strength Assessment: V = Vneertain; A = Adequate; S = Sound.
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Figure 3.2.5 Congenital heart disease among offspring of
epileptic women relative to offspring of non-epileptic women

STUDY AUTHORS, YEAR. MSA'

ALL EPILE PTICS

WEBER et al 77 U

BJERKEDAL 62 S

NISWANDER & 73 U

FEDRICK 73 S

EXPOSED EPILEPTICS

•

;i

KNIGHT & RHIND 75 A

ANNEGERS et al 76 S

GOUJARD et al 74 S

SP~;IDEL & MEAD.72 S

M-H SUMMARY ESTIMATE

.. (exposed only)

1
1

i
1

l--"-r- T----;-;-,irr----i· -r-j :-:;,. -,

0.01 0.1 10 100

1

!j
RELATIVE RI8K AND 95% CI

Confidence intervals ordered by width.

• MSA =Methodologleal Strennth Assossment: U=Uneertain; A=Adequate; S =Sound.
-. ;:;-_-=..:-=-:::-:: : -= -,,- --==-=-.:===-.=:-;=-=-,....-====-_~o=-_-~;-

·'(seo Flguro 1) M·H oslimato Ineludos 1 un·plol\od study: exposed opileplie 3/89;
non·oplloptle 0/43.
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Figure 3.2.6 Cleft lip and/or palate among offspring of epileptic
women relative to offspring of non-epileptic women

STUDY AUTHORS, YEAR, MSA'

ALl EPILEPTICS

•

BJERKEDAL 82 S
BJERKEDAL & 73 A

WEBER ot al 77 U

EXPOSED EPILEPTICS

ELSIlOVE & VAN. 71 U
MILLAR & NEVIN 73 S
KNIGIlT & RIlIND 75 A

SOUTH 72 A
LOWE 73 S

SIlAPIRO ot al 76 S
KOPPE ot al 73 S

SPEIDEL & MEAD.72 S

M-H SUMMARY ESTIMATE

0.01

- ,

j

1- j----

·f ---

0.1 1 10

RELATIVE RI8K AND 95% CI
100

_ Confidcr:!ce inter vals ordered by Ylldth. .

• MSA = Methodologieal Strength Assessment: U = Uneertain; A = Adeouate: S = Sound.
;= . __- _--=-=---=--,--.==-=-==: -.--=,-,"C-

•• (see Figure 1) M·H estimate Includes 3 un·plolled studies: exposed epileptie
1/59. 0/48. 1/198 ; non·epileptie 0/25. 30/14620. 0/649.
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Appendix 3.2.1

Design characterislics 01 37 studies included in mela-analysis

PUBLICATION STUDY STUDY STUDY
YEAR AUTHORS PLACE YEAAS TYPE' SAMPLING BASE EXPOSURE ASCEATAINMENT OUTCOME ASCEATM,MENT MSA O

'

64 Janz & Germany 56-63 A Epilepsy Outpatient Queslionnaire lilled out Questionnaire fII!ed out U
Fuchs Clinic by mother (in 1963?) (in 1963?)

71 Eshlove & Nelherlands 59-68 A Ali hospilal birlhs in History laken Birth records U
Van Eck Groningen

71 Watson & USA 60-70 A 1 hospital in Florida Aecords rrom hospital (women Maternai &. neonatal hoSpital S
Spellacy Vlilh convulsive disorders) records rcvÎe'r'/cd

72 South England 69-71 P 1 hospital in south-west Ax recorded in maternity booklet Birth lCC0rd A
Ulndon

72 Speidel & England 48-72 A Deparlmenls of neurelogy Neurologic records, obstelrical Obstetrical case shoots S
Meadow al 2 genBral hospilals case sheels and GP ,elerralletters

73 Bjerkedal & Norway 67-68 A Ali births in Norway Medical regislration 01 birlh Oelailcd rnedical registration of A
Balma 1967 and 196B includes mother's heallh information birth

belore and during pregnancy

73 Fedrick England 66-70 A 2 counlies Epileplic mothers selecled rrcm Hospilal birth & admissions S
detailed compulerizcd birth systematically abstracted for
regislry -Ax hjstory Irom GP Oxford Aecord Linkage Projecl

73 Koppe Holland 63-68 A Ali dellveries ln an Clinic records Hospital billh records S
cl al obsletrics deparlment in

a hospilalln Amsterdam-• Study lype: A =Aetrospectlvo fOllow-up; P =Prospeclivo follow-up.
•• Melhodological Strength Assessment: U =Unce,lain; A =Adequale; S =Sound. (See Texl) (conlinued)



• •
Appendix 3.2.1 (conlinued)

PUBLICATION STUDY STUDY
YEAR AUTHORS PLACE YEARS TYPE' SAMPLING BASE EXPOSURE ASCERTAINMENT OUTCOME ASCERTAINMENT r.ISA· •

73 Kuenssberg Scotland 65-67 272 general practioners General practioner records Birth records A
Knox reporting on 15.000

pregnancies in Scolland

73 Lowe England 65-71 R MOlhers domiciled Computer birlh registry Computer birth regislry S
in Cardilf Mention of epilepsy; folloY/ed coded anomalies

Vlilh hospilal & GP records

73 Moyer Germany R Epiloptics treated PareOls inlervieVied & given Questionnaire asked about U
ln Hoildelbury queslionnnaire; molhers asked spl3cific anomalies & birth

aboullype & duralion of & pregnancy complicationo
anliepileptics during pregnancy

73 Millar & Ireland 69-72 P Dept. 01 Neurology Clinic records Daia on ail pregnancies fOI S
Nevin Vlomp.n altendlng 1 naurologisf

73 Niswander & U.S.A. 65-71 R Liveborn infants in U.l>. Epilepsy asccflained trom computeris Computerised hospltal separalion U

We'teleckl Ai;lorce hospitals separation. but no anticonvulsant record
ascertainment undertaken. 1I5lh of
expecled epileptie Iivebirths ascertained

73 Starreveldl Nelherlands R Palienls relerred la Survel' SUlvey U

Zimmerman epilepsy ceOlres
et al

74 Barry & Auslrafia 69-72 R A Melbourne Hospital 'Nomen eoded as epileplie al No details given U

Danks anlenalal c1inie eonlacted &
intervieY/ed (40 interviewed.
32 had moved. 51 no reply)

~

" Methodologieal Sllenglh Assessmenl: U = Uncertain: A = Adequate: S = Sound. (See Texl) (c.QnlinuedJ
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Appendix 3.2.1 (conlinued)

PUBLICATION STUDY STUDY
YEAR AUTHORS PLACE YEARS TYPE' SAMPLING BASE EXPOSURE ASCERTAINMENT OUTCOI.IE ASCERTAINMENT '.~SA· •

74 Goujard France - P 12,000 women who visled Inle~'iew at 3 and 6 monlhs Children examlOcd on 5th or 6th S
et al antenalal cHnics ln 13 01 pregnancy day. 3 months. 6 mOfllhs and some

malernily hospilals in at 2 yeals
France during 3rd monlh 01
pregnancy

75 Knlght & England 53-73 R Altending outpatient CHnic records Birth record A
Rhind clinic lor anticonvulsant

managemenl or relerred by
obstelrlcal deparIment

76 Shapiro USA 59-65 P Data Irom Collaborative Collaboralive perinalal slUdy Oetailed tollow-up of anomalies S
Perinatal Projecl (12 Rx al antenatal interview & to age 1 or 10 age 4 ,1
hospilals across USA) inspeclion 01 hospital &medical dealh; motor & menlallesling

records when appropriale aIS monlhs.

77 Weber et al France - R No delails given • A survey·. No details given U
Conlrols Irom ail births in
Nancy region. Second set 01
conlrols Irom a nalional sample 1972.

7S Annegers USA 39-72 R Mayo Clinlc Comprehensive treatment records Comprehensive records includlng S
lor each palienl wilh epilepsy examinalion & delailed review
available for several decades at 4 days &medical hiSlory

while child remains in the area

SO Majewskl Gormany - R University Hospilal Mothers inlervlewed Inlanls examined and cliflical record fi
Neurologie cHnic about drug use
(11 neuro psychiatrie
cHnlcs)

•• Study Iype: R = Relrospeclive lollow-up; P = Prospeclive lollow-up.
•• Melhodologlcal Sirenglh flssossmonl: U = Uncerlaln; fi = fldequale; S = Sound. (See Texl) (conlinued)
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Appendix 3.2.1 (eonlinuedj

PUBLICATION STUDY STUDY
YEAR AUTHORS PLACE YEARS TYPE' SAMPLING BASE EXPOSURE ASCERTAINMENT OUTCOIAE ASCERTAINMENT MSA' •

ft

80 Nakane Japan 74-77 P 9 Universily Hospilals. Demographie & elinieel by Pro - Psyehial,ist eollected S
et al 1 NeuroPsyehialry Unit. psychialrist informalion on delivery and

R National Epilepsy Ctr. early neonalal period from
& National Researeh obstetrician and patient
Instilule For Nervous Retro - malformations confirrned U
& Menlal Dlseases during folloY/-up

82 Beek- Germany 69-72 R -- Clinieal charts Offspring examined U
Mannagetla
et al

82 Bjerekedal Norway 67-78 R Ali births in Nor...ay Aillivebirths of mothers Medical birlh regi5trations S

'egi~tered ta have epilepsy.
A malehed eompariscn group
of birlhs to 'IIornon not regislered
la have epilepsy.
Matched on mother's age. parit y
single/multiple birth sequence.
and birth place al 1st ch"d.

82 Bossi Italy 77-80 P Clinie Clinie records No dCldils 9Î'Io1n U
Blood Plasma monitoring

82 Dansk\' Canada R Seizure elinie & Biood foiare & AED monitoring 8irlh record, crin'cat rec0r1 and S

et al privale neurologie & Irom time recruited (belore or clinical eyamiratlon
obslelrie praetiee duriog pregnaney)

82 Dansk\' Canada 81 P Montreal seizure clinle, Delalled history taken during 11eviü'll of n&Gnatal e:!f:lrn & lal'"::r S

el al neurologie & obsletlleal pregnaney, monlhly AED inla~e, records; cyam 11 birth & durln~

practices revie'/{ & blood serum monitoring lsl yea;.lollol/up to age 6

, Stud\' type; R = Retrospective lollow-up; P = Prospective loltow-up.
., Methodologieal Slrenglh Assessmenl: U = Uncèrtain; A = Adequate: S = Sound. (See Text) lcontinut;rl}
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Appendix 3.2.1 (continued)

PUBLICATION STUDY STUDY
YEAR AUTHORS PLACE YEARS TYPE' SAI.IPLING BASE EXPOSURE ASCERTAINMENT OUTCOI.1E ASCERTAINf.ŒNT f,\SA' .

82 Granslrom & Finland 76-79 P 2 depanrnents of obstetrics C;:nic records? NcY..born examination A
Hillesma in Helsinki

82 Hill USA 68-80 P Private hospitals Selected al admission CO labour Oetailed ptlyslcal exam al huth S
associated with Detailed hislory laken 1,2.3.4,6,9,12,18.36 rnonth'.
Baylor I,ledical College. Obst & GP lelters 10 conlirm Examiner blinded to Rx
Houslon, Texas medication during pregnancy

82 Koch et al Germany 76-81 P 5 obsletric clinics in West Blood samples for anticonvulsanl Infants examined at birth. day 4 and S
Berlin + referais from levels through pregnancy 4 lurther CXl1minalions durillfl
neurologists first year of life

82 Lindhoul Nelherlands 72 P Epilepsy outpalient Info aboul prev preg & ln hospital birthâ roulinely S
el al clinic anticonvulsanl 151 Tri serum cxamined by pedlallÎcté1n5

levels. fils entered on Info registerèd at 1st visit
a standard form at visil atter to epilepsy climc aftel birtl.
birth (generally available
case history too)

32 Raling Germany 76-80 P 5 obsletrical clinics 14 V1omon on Primidone Examined al bi'lh, 4 days & S
in Berlin (blood sampled regularly) 4 rUtlher exams in FYOl

84 Miyakoshl Japan 75-84 P Nalional Epilepsy Cenlre Interview Inlerviewed molher &altend",g S
obslclrician or pedialrician for
neonata'l death or stillbi,th.
63 out 123 live births examined
in in!ancy by doctor al clinic
in charge of patient- •

, Sludy design: R = Retrospective; P - Prospeclive
•• Mothodologlcal Slrength Assessemenl: U = Uncertaln; A = Adequ~lG; S = Sound (conllnued)
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AppendiK 3.2.1 (continued)

PUBLICATION STUDY STUDY
YEAR AUTHORS PLACE YEARS TYPE' SAMPLING BASE EXPOSURE ASCERTAINMENT OUTCOI.1E ASCERTAINMENT 1.1 SA ••

86 Kallen Sweden 73-81 R Swedish '.Iedical Birlh Diagnoses of epilepsy recorded Pediatrie cxamÎnation of ncY/barns U
Registp, on summary birth form

Hospilal charts retrieved for
diagnoses confirmation and
possible anticonvulsant use
'Only ltJ 10 114 of eKpected
number of eplleptic women found

86 Robert Franco 76-83 R Women who Md an EEG Questionaire senllo women Ouestionaire sent to women U

belween 76 & 83 atlhe
hospilal 01 Neurology &
Neurosurgery.
Wertheimer,Lyon France,
& 3 Lyon malernily wards

66 Kaneko Japan 78-84 P 2 uni·.'ersity hospitals & Daia prospectively collected Examinalion by obst(;trÎcian~ S

medical college hospital al monthly inlervals including & neuropsychiatrisls on day 1.
compliance and seizures day 5. day 13 and al lime 01

• Study lype: A - Retrospective lollow-up; P =Prospeclive loUow-up.
•• Methodological Strenglh Assessment: U =Uncertain; A =Adequate: S =Sound. (See Text)
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AB5TRACT

A mem-analysis was performed using data from published epidemiologic stuùies to

compare the teratogenic risks associated with s!,,-'Citic antiepileptic therapies women with

epikpsy were treated with during the tirst trimester of pn:gnancy. The analysis

demonstrated the inadequacies o~ many study reports--vag,le descriptions lOf methods

dten restricted asse~~'TIent of study quality and incomplete reporting of results was

largely responsible for restricting the analysis tO 31 of the more than 60 puhlished

studies. Women with epilepsy cm anticonvulsant monotherapy expcrienccd incre:lsed risk

of congenitally malformed children relative to bL'th women with cpilepsy but nottre:lled

with anticonvulsants (Mantel-Haenszel stuJy-stratified estimate of relative ris>: (RR) 1.8.

95% confidence interval (Cl) 0.8-4.8), and to women who did not have epilepsy (and no

anticonvulsant treatment)(RR=2.5. CI = 1.8-4.0). Available published data are

insufficier.tto demonstrate statistically significant differences in risk among commonly

used monotherapies. Among one-drug therapies. phenobarbital and carbamazepine were

associated with the 10west risk estimates; risks for phenytoin and valproic acid relative

tO phenobarbital \'!ere, respectively, 1.4 (Cl=0.7-2.8) and 2.0 (C!-"0.6-6.6). Two-drug

therapy was associated with a 20% elevation of risk over monotherapy. but thrcc-drug

therapv was associated with more than a doubling of risk in comparison to one-drug

therapy (RR=2.2, Cl=1.3-3.7). Theanalysis thus would suggestthatthree-drug therapy

may be associated with a four- tO five-fold increase in malformation risk relative to

women with no anticonvulsant therapy. Data required to evaluate the role that

confounding by severity or type of epilepsy might play in the risk associated with

polytherapy were not availabk: from the individual reports. Nevertheless, this analysis

when combined with other related research on choice of anticonvulsant therapy suggests

that avoiding therapy with three or more anticonvulsants in the first trimester would be

prudent.
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I]';TRODUCTION

The results of over 60 analytic epidemiologic studies demonstrate that the offspring of

epileptic women exposcd to anticonvulsallc; during the first trimester of pregnancy

eXp'.:rience a two- to three- fold increase in risk of congenital anomalies compared to

offspring of non-epileptic women.'·) Nevertheless, the teratogenic potential of specific

anticonvulsant therapies remains poorly understood,'·2 because of the difficulties inherent

in studying the subject;--in particular the potential for confounding by indication and the

madequate statistical power of individual studies.4 Neither general rcviews of the

Iiterature, '.2.S·' nor reviews of specific anticonvulsants 9·'3 have adequately evaluated the

differences in risk associated with particular anticonvulsant therapies. Because of the

clinical and etiologicaI significance of the issue, we undertook II meta-analysis to quantify

the risks, using the published cpidemiologic Iiterature.

MATERIALS AND METHODS

National Library of Medicine's English-Ianguage databases j;·t)m January 1966 to March

1990 were searchl~ using MEDLINE: for reports of analytic studies of anticonvulsant

use by epileptic women during pregnancy and congenital anomalies in their offspring.

The search employed the terms "abnormalities, druS iuduced", in combination with

"anticonvulsants". Bibliographies in located reports and in five recent reviews'·2.S-S were

aIso used to identify studies.

Epidemiologic studies examining the risks of serious congenital malformations in the

offspring of women with epilepsy were deemed eligible for inclusion in this analysis.

Both retrospective and prospective folIow-up studies as weil as case-eontrol studies were

considered for inclusion but case reports were not. "Congenital anomalies", "serious

malformations", "serious physical disfigurements", and similar descriptions were

accepted. Where major and minor anomalies were clearly distinguished, only the major
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anomalies were included in the analysis.

Establishing the quaiity of a n:Jmber of the individual studies was difticult. First. the

dt'.scription of the metr:,-,s and r.Jaterials was often short and vague. Second. det;lils

required to judge the quality of routine birth records and the extent of birth dct\.'Ct

ascertainment were frcquently lacking. Third, we could not establish that those

examining infants had becn blinded to epilepsy or anticonvulsant status in the vast

majority of retrospective or prospective studies. On the other hand, about 95 % of the

studies we located were of a follow-up design, a design not gl.'I1erally pcrceived to bc as

open to serious bias as the case-referent (case-control) design. Typically the studies

involved following up ail the women allending a clinic for cpilepsy, or the births of an

entire population. In consideration of the above factors and the problcms of small sample

size that plague many of the studies, we decided to cvaluate the methodological strength

of individual studies on a simple relative ranking of unacceptable, "uncertain" (U),

"adequate" (A) or "sound" (S), present the results for al! studies not labelled

unacceptable, and compare the results obtained from ail acceptable studies with those

based only on studies labelled "sound".

The following criteria were used to evaluate the quality of follow-up studies:

1) a medical diagnosis of epilepsy;

2) medical re.:ord evidl.llce of the anticonvulsant use in the first trimester;

3) anomaly ascertainment (intensity of search) that appcared to be independent of

anticonvulsant exposure; and

4) loss to follow-up that appeared independent of anticonvulsant exposure.

The methodological quality of case-control studie~ was evaluated using criteria one and

!wo above plus the following:

a) for studies involving community controls, choice of controls that would

indicate that had they becn diagnosed with a major malformation they would have

becn selected as cases;
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b) data collectcd for cases and controls in a similar man:ler;

c) the same exclusion criteria applied to cases and controls; and

d) if an interview was involvcd. the interviewer was blinded to case-control

status.

Study methodological quality was evaluated by one of the authors (KCJ) without

examining study results and where a decision was unclear a consensus was reached

betwccn authors. Follow-up studies were categorized as follows. Studies that cIearly

met the first four criteria were labelled "sound". Studies that appeared to meet the first

four criteria, but where the details were sketchy, or that appeared sound but did not meet

criteria one or two, were rated "adequate". Studies that provided too liule information

to evaluate whether the four criteria were met were labelled "uncertain". Studies cIearly

not meeting criteria three or four were excIuded. Case-control studies not meeting

criteria a), b) and c) were excIuded. Case-eontrol studies meeting all the criteria set for

case-control studies were labelled "sound"; if criteria one or IWO was not met the study

was labelled "adequate"; and if some methodological details were uncIear the study was

labelled "uncertain".

In addition to the study quality criteria, the presentation of study results had to incIude

the following to be use<! in the meta-analysis: 1) counts of epileptic women on specific

mono- or poly- anticonvulsant therapies during the first trimester; 2) data on all serious

congenital anomalies in the resultant offspring. FolIow-up studies in which

anticonvulsant exposures were reported in the study results for only certain anticonvulsant

therapies wc::re not excluded. When a study was reporte<! more than once, the most

detailed report and any additional information from the other paper(s) was use<!. Case

control studies were required to report the specific mono- or poly- therapy for every

expose<! subject.

As a first exploratory step, crude rates of congenital malformation, congenital heart

malformations and cIeft lip and/or palate were calculated by the number of types of
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anticonvulsants used in the first trimester and for cach sp.:cific anticonvuls:mt thcrapy by

pooling data l'rom the included follow-up studies. Crude relative risks (RRs) wcn:

calculated using the offspring of the non-exposed epilcptic women as the c,'mparison

group. Tests for lincar trend in proportions over the number of typ.:s of anticonvulS:l'lls

prescribed in the first trimester and anomaly risk were calculated with Armitagc's Chi

square test. ,.

Where sufficient data were available, specific therapies were compared within individual

studies. Within study estimates of relative risk (RR) and exact 95 % CI were calculatcd

using the odds ratio and exact 95 % CI routines available in EGRET'\ With rare

outcomes like birth defects, odds ratios provide a close approximation of the RR.

Because many of the studies included were sma!!, exact calculations of 95 % CI were

preferable and were available in EGRET for odds ratios but not for RR's. Using odds

ratios also allowed direct incksion of case-control studies in summary cstimates. To

present and summarise the results of the individual studies in a succinct form, allow tar

ready evaluation of inter-study heterogeneity and to examine the impact of study quality

on est:mated RR's, individual study RR estimates and exact 95% crs were plottcd for

each included study, 15 ordered according to CI width and presentcd on a log scale. ,.

The homogeneity of the RR's was evaluatul by examining e:.-:h graph for a common area

where ail the confidence intervals overlapped, which would indicate study homogeneity.

A study-stratified summary estimate of RR and associated 95 % CI were calculated'~

using the Mantel-Haenszel procedure, '7 which weights individual study risks according

to their precision. When no congenital anomalies w,:re reported in a study for one of the

exposures being compared, the RR for that comparison was either undefined or zero and

the study was not plotted, because of its low information value and the visual distraction

caused by very wide crs, although the comparison did contribute to the RR summary

estimate.
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RESULTS

Rt:ports on 61 analytic follow-up studies of congenital anomalies in the offspring of

t:pilt:ptic women4,.,''''',74 and thret: case-control studies of drug exposure and birth

dt:ft:cts",7>,7. were identified. Only 31 (48%) of the follow-up studies met the inclusion

criteria.4.IK.lq.22.~.27.~31 •.'\4•.l'i.3K.·O.44.4K-5(1••'iJ.~5.57.5K.61 .62.65-67.70. 71. 74 Exclusions were as fol1ows:

Two stu<.!ies"'·' did not met:t the minimum metho1010gical quality criteria. One report

did not study ail serious anomalies.·· No anticonvulsant information was captured in

thret: studies.",]l,» Twenty-four follow-up studies and two =-control studies failed to

prest:nt the number of women exposed to particular therapies, often combining mono

and poly-therapy.".Zll,Z.,ZJ.Z4,ZK.JZ.J•.JQ-lZ"S-l7,".S.,,.,.".04,72,7J.".77 Two studies did not present

exact exposures for the offspring with malformations.J7,..

Epilepsy clinics were the source of study subjects in half of the included studies but in

only one third of the excluded studies. Over one third of the included studies were

carried out prospectively, but only two (8.7%) of the excluded studies were prospective.

Sample size among ail studies was small--among the included follow-up studies the

average was lOS live!Jirths of anticonvulsant-exposed epileptic women. Design details

and methodological quality assessment for included stud;e~ a!'i: presented in Appendix

3.3.1. Among the 31 included studies 17 (55%) received a methodologicaI quality

assessment of "sound".

Specifie first trimester anticonvulsant therapies of epi1eptic women were extracted for

3,670 live born infants. Additionally, malformation rates stratified by number of drugs

were presented in one report.7S Table 3.3.1 presents details of the extraction for cach

included study and summarizes the extraction by study desiVl. A strong positive gradient

was observed between the number of anticonvulsants used in the first trimester and the

crude rate of malformed babies (sec Table 3.3.2). A test for trend was significant

(b=.039, P < .001). The consistency ofthis trend was examined by categorizing studies

by study base (epilepsy clinic, hospitaI, population or other), by overaIl anomaly rate
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«5%, 5-< 10%, 10% +), by design (prospective or retrospective) and ;lIll)malit's

studied ("major congenital anomalies" or "congenital anomalies"), The observcd trends

in risk remained intact among the stratifit:d subsets of daL.1., (sec Table 3.3.1) Congenital

anomaly rates were consistently markedly higher among women tn:.1.ted with hree or

more drugs than among those treated with one- or two-drug therapy.

Study-stratified analyses were then undertaken wherc suftieient data was present. A

eomparison of the risk associated with monotherapy relative to the risk aml)ng epileptic

women with no first trimester antieonvulsant exposure \\'as possible in seven st'.:dies and

yielded a summary RR of 1.8 (95% CI .8-4.8), although only the four studies asscssed

as "sound" eould be plotted. A comparison of epileptics on monotherapy relative to non

epilepties with no antieonvulsant use yielded a summary RR estimate of :!.5 (95% Cl

1.8-4.0) and involved only studies assessed as "sound" (see Figure 3.3.1). Two-drug

therapy was associated with a slight increase in risk eompared to monotherapy (RR 1.2,

95% CI .9 -1.5) based on 25 studies (15 "sound"). Comparison of thrcc-drug therapy

to one-drug therapy (Figure 3.3.2), based on 19 studies, resulted in a slll~:mary risk

estimate of 2.2 (95 % CI 1,3-3.7). Three-drug risk was higher than one-drug risk in 10

of the Il studies plotted. Removal of studies that did not achieve the "sound"

methodologicai quality assessment did not materially change :he point estimate for any

of the four summary risks above.

Crude pooled rates of congenital malformation associated with specifie anticonvulsant

therapies are presented in Table 3.3.3. Phenobarbital and phenytoin accountcd for thrcc

quarters of mono-therapies, and were used in combination in approximately thrcc

quarters of the poly-therapies. Carbamazepine, primidone and valproie acid were also

often used.

Phenobarbital and carbamazepine monotherapies were associated with the lowest crude

malformation rates, respectively, 4.6% (95% CI 3.2-6.4) and 4.5% (95% CI 1.7-9.6).

Among two-drug therapies with more than 25 exposures, the combination of primidone
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and phenytoin was associatcd with the highest crude malformation rate (20.3, 95% cr
9.1-33.3). Although bascd on very small numbers, most three- and four-drug

combinations were associatcd with high risk estimates.

Phenobarbital was chosen as the referent group for within study comparisons because it

was the m~st common therapy in the majority of studies. Thus it tended to have the

most stable risk estimates and be available for comparisons to other anticonvulsant

therapies. Study-stratified comparison of phenytoin monotherapy relative to

phenobarbital monotherapy (Figure 3.3.3) yielded a summary risk esti!!l'lte of 1.4 (95 %

CI .7-2.8). Six of seven RR's were above one although three were close to unity.

Valproic acid monotherapy could be compared to phenobarbital monotherapy within only

scven stud:es, exposcd numbers were small, three of the four studies that were plotted

did not receive the "sound" rating and confidence intervals were wide (Figure 3.3.4).

Primidone could be compared to phenobarbital monotherapy within seven studies, five

studies contributcd to the summary risk estimate of 0.3 (95 % cr O. i - 1.1), but only two

studies cou!d be plottcd. Similarly carbamazepine could be compared to phenobarbital

monotherapy within Il studies, eight studies contributed to the summary risk estimatt:

of 0.7 (95 % cr 0.2-2.6), but only one study could be plotte<!. When more than a few

of the studies involved in the stlmmary estimate include zero ceUs, the Mantel-Haenszel

estimator breaks down and these estimates must be interpretcd cautiously. Although

other methods may be used in these situations, they were not bt:cause data was so sparse

that any further analysis seemed of questionable value.

Therapies including both phenytoin and primidone resulted in high risk estimates relative

to monotherapy (summary risk 2.8, 95 % cr 1.5-6.2) (Figure 3.3.5). Two studies

reported risks relative to mO~lotherapy in excess of 15.

Many study-stratified comparisons of risk w~re not feasible because of sparse data.

Epileptic women on three-drug therapy could be compared to epileptic women without

first trimester anticonvulsant exposure within only three studies. However combining our
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estimate of risk of monotherapy relative to no-drug therapy (RR 1.S). and thrœ-drug

exposure relative to monotherapy (RR :2.:2). would suggest that thn:e-drug therapy may

be associated with a four-fold increase in risk relative to no exposure.

Cleft lip and/or palate and congenital heart delt.'Ct data demonstr..l'C a similar. though

stronger pattern of increasing risk with increasing number of anticonvuls."1nts (Sœ Table

3.3.4) . Chi-squared tests for linear trend were significant fo. both anomaly groups (clef!

Iip/palate b=.0076, p < .001): congenital heart disease (b=.0096, P < .001). The

small numbers of these defects makes evaluation within specilic drug exposure groups

or within studies difficult, but the crude patterns of distribution appear similar to those

for ail anomalies combined (Sec Table 3.3.5). Of particular note is the high rate of

congenital heart defects associated with therapies combining primidonc with phcnytoin

or phenobarbital.

DISCUSSION

For this meta-analysis we considered only published reports as sources of data. Bias

occurs where publication depends not only on study quality but also on the statistical

significance of the results.79 However, the major finding of our analysis--that thrce-drug

therapy is associateû with a substantially higher congenital anomaly risk than

monotherapy--is unlikely to be the result of publication bias. Few reports focused vn the

risk associated with polytherapy; the focus was generally on the teratogenic potential of

individual anticonvulsants. Therefore neither a nc:gative or a positive finding for threc

drug therapy would have precluded publication. As weIl, the small number of women

exposed to three-drug therapy in most studies Iimited the generaiizability of individual

study observations.

Bias may have resulted from selective reporting of results. A number of studies were

excluded because they failed to distinguish exposurrs to monotherapy l'rom those 10
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polytherapy. It is possible that specifie anticonvulsant combinations might only be

identificd when associated with elevated risk which could result in a spurious positive

association betwcen thrce-drug therapy and increased risk. Although this bias could

incrcasc the risk estimate, it is unlikely to explain the relationship for the following

rcasons. First, because many of the women were treated with more than one

anticonvulsant and the effects of one drug might thus be confused with the effects of

another, it would scem logical that the number of women expose<.i to specifie

monotherapies and polytherapies would be presented separately. Second, in no excluded

slldy did the authors report combining data from monotherapy and polytherapy exposures

becausc they found no confounding; it appears rather that the possibility of confounding

or drug interaction was not given enough consideration. Third, the pattern of increased

risk was consistent across included studies. If, in fact, the reports we used comprise a

biascd sample of the research performed, and increased risk was not associated with

thrce-drug therapy in the excluded studies, it would suggest heterogeneity in the data-

that two different phenomena were being observed--not that the observed relationship is

spurious. '"

Bias resulting trom selective reporting could affect rates associated with specifie drug

combinations and specitic anomalies. If a particular anticonvulsant therapy was

associated with a high malformation rate in a study, there might be a higher probability

of prescnting that combination separately. However if it were just a chance finding,

sin:i1ar high risk would be u!llikely to be observed in other studies.

When meta-analysis is used in epidemiology to estimate the effect size of a specifie

clinical therapy from randomized controlled trials, tight quality and comparability criteria

are essential for answering a very specifie question.&' We chose to limit criteria for

severa! reasons. First, our inten~ was exploratory--to quantify the existing published

literature and examine the risk patterns. Second, strict criteria would have eliminated

almost ail studies, primarily because of vague reporting of the study methl;Js which does

not necessarily imply poor design. Third, for all the potential flaws in individual studies,
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the shortcomings in reporting and heterogeneity hetween sludies, the studies an: alml'st

al! of a follow-up design. a design not thought to he nearly as likely tl' he seril'usly

distorted by bias as the case-control study. Fourth. with the assessment of quality we

used. we did not generally lïnd that the studies assessed as "sound" resulted in materially

different risk estimates than those that failed to rcceive the "sound" rating. Fifth, when

ail studies meeting basic quality criteria are included. more studies may eontrihute 10 the

observed patterns of risk. and if results are consistent among .l larger numher of studies

the observed association is strengthened.

When analytic studies are combined. design heterogeneity is inevitable.Ml' One must

consider carefully whether the existing heterogeneity is small enough relative to other

sources of variation to be reasonably ignored. '0 Among the studies. protocols lor

examination at birth and follow-up after birth varied substantially, and the range of

anomalies studied differed. To compensate for study heterogeneity: (1) wc analyzed clef!

lip and/or palate and congenital heart defects separately; (2) wc perfc:med a scnsitivity

analysis on the risk differences between one-, two-, and three-drug therapy; (3) wc

adopted a graphie approach to study summarization where feasible, allowing preservation

of within-study comparisons; and (4) we used the Mantel-Haenszel procedure to

summarize risk across studies, a technique which averages the results of comparisons

made within strata and does not implicitly assume that data in one strata (i.e. study) can

be éirectly compared to data in another strata. '2

The comparability of studies with different follow-up protocols is contingent on the type

of anomaly being examined. Congenital heart defects, for example, may be apparent at

birth or may not be diagnosed for severa! years and therefore, longer follow-up is likely

to result in substantially higher defect n'les.'3 On the other hand, for cleft lip, readily

visible at birth, and cleft palate, which often causes medical complications soon after

birth, ascertainment rates should not be strongly affected by differences in length of

follow-up.
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!\lany anomalies C'an De ('xpr('ss~'d in 3. r~1l1&(' iJf s('\·\'.'riti~'s: fl.,'r \"''\ampk a \"'l'll~cnital h(",\lfl

ddeet can be liie thrc....ltening at birth or it can he tl'tally fun,'til'nal. Hl'we\'l'r .. thl"

standardized coding system eomml'nly used ior el'llgenital anl,malil's .. thl' lntl'rnatil'nal

Classitication oi Diseases, contains no pro\'ision for ditïerentiatiL1n L'f thl' se\'erit\' l,i

most birth dekets .. Anneger ct al! suggest that the criteria oi !.l'ck'-I ha\-l' genl'rally hCl'n

used in this tield of study to detine congenital anl'malies but wc found nl' \\Tittl'n

e\'idenœ of this l'rom the published reports.. Rq"ms which sPl'cilicd studying "major

anomalies" only had anomaly rates approximately :!5 percent lower than those sludies

reporting on "congenital anomalies", suggesting that generally when the term "congl'nital

anomalies" was used the majority of reported anomalies were m;~il)r.

Type of epilepsy may confound the rdationship between specitie drug therapy and

malformation rate, if specitic types of epilcpsy are mosl olkn controlled with speeitie

anticonvulsant therapy and specifie types of epilcpsy resuIt in higher raies oi major

malformations in the offspring. Although few reports provided information required 10

evaluate the concem directly,2 we l'cel that type of epilepsy is unlikdy 10 seriously

confound the results. First, we found large variations among studies in the use of

specifie anticonvulsants, the rate of polytherapy, and the use of specilic anticonvulsant

combinations in patient populations where there is no rcason to expect marked diffen:nces

in prevalence of different types of epilepsy. For example, in Bcrtollini's study of

monotherapy which combined information l'rom studies in four European countries,

phenytoin was the drug of choice in Sweden and yet virtually unused as monotherapy in

the other thrce countries.71

Second, a number of recent thorough reviews of drug trcatment of epilcpsy-"-M7 lcach

conclusions similar to those of Beghi et al. KR who suggest that "antiepileptic drug

selection is stiJl based on fashion, market pressures and individuaI experience rather than

on sound scientific considerations".. If, as the literature seems to indicate, therapy is not

particularly specifie to type of epilepsy across time and place, then by eombining studies

from a number of time periods and locations this type of eonfounding, should it exist,
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wOllld b~ grc:;llly dillll~d in th~ pookd data and would be unlikely to seriously bias the

r~sllits.

Th~n; is th~ potential for confounding of the anticonvulsant-malformation relationship by

the sev<:rity of the epilepsy if incrcased severity is relatcd to the therapy with several

types of anticonvulsants and incrcased severity is relatcd to congenital anomaly risk.

This type of confounding could not be examincd in our analysis because epilepsy severity

is diflïcult to quantify and the reports we uscd did not use mcasures of it to stratify

anticonvulsant use. We expcctcd to see higher rates of anomalies in clinic-based studies,

based on the assumptions that individuals with more severe and/or less weil controlled

epilcpsy would be more likely to be trcated at spccialty clinics·· and would more likely

be on polytherapy. However, we found that the clinic-based studies reported lower rates

of anomalies overall than either the hospital or population-based studies, and that

polytherapy was less common in clinic than hospital-based studies. The lower anomaly

rates may retlect shorter or less detailed follow-up but this is difficult to assess.

The incidence of epileptic fits during the first trimester could confound the relationship

betwccn number of drugs and anomaly risk (i.e. poorly controlled (more severe?)

epilepsy increascs the likelihood of polytherapy). However, malformation frequency

docs not appear to be related to the frequency of epileptic fitsY·6

A plausible biological argument for the increased anomaly risk associated with

polytherapy may relate to folate deficiency. Dansky et al.72 measured folate levels in

pregnant epileptic women and found lower folate levels for the women on polytherapy

than on monotherapy. Combinations of phenytoin and phenobarbital or primidone, with

or without other anticonvulsants were associated with the highest risk of folate

deticiency. Anticonvulsants are known to interact with each other, altering plasma levels

in inconsistent ways."" Through drug interaction, drug combinatior.s may increase the

probability of high plasma levels of specifie anticonvulsants,90 and the interaction

possibilities increase as the number of anticonvulsants increases. There is evidence from

78



•

•

animal studies that al! of the common anticonvu!s;\l1ts have somc tC'r'ltl'gl'nic' p<'tcntial. 1

ln summary. this met.'l-analysis found the fol!owing: study rc'p<.>rting has oncn bl'C'n

inadequate (half the studies located could not be incorporal"l into this analysis). tirst

trimester anticonvulsant monotherapy is associated with a approximatdy a doubling ,,1'
congenital anomaly risk relative to no anticonvulsant exposllre: availablc data arc

insufficient to demonstrate st.'ltistical!y signiticant differenccs in risk among the variolls

monotherapies commonly in use, although phenobarbital and carbamazepine appcar to

have the lowest risks; and three-drug therapy is associated with more than a two-fold

increase in risk relative to monotherapy. The reslllts suggest that women with epilcpsy

who are considering pregnancy not be treated with anticonvulsant polytherapy.

particularly with three or more types of anticonvlllsants.
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Table 3.3.1 Number of anticonvulsanls used and congenital anomaly raies for 31 sil/dies incftrde.j in mela-anal\,sls
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P H 67 Melchior 1 16 6.3% 1 16 6.3~' 2 32 6.3', "llC',
R H 71 Watson 0 5 0.0'. 3 43 7.0~' 0 3 0.000 3 51 59', "J ?'.'
R P 73 Fadrick 2 19 10.5% 7 74 9.5% 11 50 22.0% 3 15 20.0~' 21 139 '5.1', ·'G S',
R H 73 Koppe 7 45 15.6% 4 167 2.4~' 0 2 0.000 11 214 5.1', 1".0'.'
R P 73 Lowe 3 111 2.7% 3 66 4.5% 6 68 8.800 9 '34 67', 50/0'.,
R 0 73 Meyor 17 89 19.1% 14 75 18.7~. 6 21 28.6'.. 37 185 200', "19' ..
P C 73 Millar 3 20 15.0~' 8 69 11.6'. 2 20 \O.O~' 13 109 11.9', S, ,'.'.'
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M P 0 76 Hanson 1 15 6.7~' 1 15 6.7"
P H 76 HansonCPP 2 41 4.9~' 3 63 4.800 4 17 23.5~. 9 121 701',

M P H 76 Shapiro 2 26 7.7% 2 26 7.7',
R C 80 Deitrich 0 6 1).0% 0 18 0.0\0 0 24 0.0',
R C 80 Majowski 2 46 4.3% 0 18 O.O~b 2 64 31"
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P C 84 Kolly 3 21 14.3~b 1 60 1.7% 2 49 4.10,0 0 6 0.00. 3 115 2.60.
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R 0 86 Rober( 0 35 0.0% 4 59 6.8% 2 45 4.40,0 1 7 14.30,0 7 11 1 63~,

M R P 86 West 0 3 0.0% 0 3 0.0'.'
M R 0 87 Berlollln; 19 558 3.4% 19 558 3.4%

P H 88 Kaneko 1 29 3.4~b 6 46 13.00,0 8 53 15.1 % 23 172 \ 3.5'.',

Column 1: M dosglnales Sll/dios whoro major anomalios woro sep~ratad Irom minor anomalies or whoro the ropoll speciliad sludying only major anomalies

Column 2: R ~ retrospectivo study, P = prospectivo sll/dy

Column 3: source 01 subjecls--C = epitopsy clinics, H = hospitals, P = general population, 0 = olhor

Column 4: reporl pubtication yoar

CA = congonital mallormatiolls (serious mallormations only l'Ihore specilically soparaled); LB = live billhs
•• Telals include 4 and 5 drug exposure for Iwo studies: L1ndoul - 4 malformalions in 7 exposures (57.1%);Kaneko - 8 malformalions in 44 exposures (18.2~o) (continuee!)
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Table 3.3.1 (continued)

NOANTI- 1 ANTI- 2 ANTI- 3 ANTI-

CONVULSANTS CONVULSANT CONVULSANTS CONVULSANTS EXPOSED TOTALS" 0'0 or
~_._---- ._-~ --- ..-----

RATEl RATEl RATEl RATEl RATEl '//OI.IUI ()IJ

SUBTOTALS CA LB 100 LB CA LB 100 LB CA LB 100 LB CA LB 100 LB CA LB 100 UJ l'OL'lIIiElIM'Y
"

THERAPIES STUDIED

ALL THERAPIES STUDIED 82 1081 7.6% 236 2593 9.1~·')

MONOTHERAPY ONLy STUDIED 25 676 3. 7~b 25 676 3.7Q"

METHDD

RETROSPECTIVE 5 315 1.6% 75 1311 5.7~b 70 796 B.8~o 22 155 14.2Qô 167 2262 1.1,0'') 1,,, (.1 ',_ 'j

PROSPECTIVE 6 83 7.2~b 32 446 7.2~b 28 390 7.2Qb 22 123 17.9~b 94 1010 9.3':1'') S,r, 1'-:')

SOURCE

CLINIC BASED 3 151 2.0~b 28 607 4.6Qô 34 507 6.7Qo 19 139 13.7C:' 85 12~1j ~,a~." ~ , ~;~',

HOSPITAL BASED 0 37 O.O~b 24 271 8.9~b 29 420 6.9Qo 12 91 13.2:'b 73 (,26 83':'') ;,/1"'-"

POPULATION BASED 5 130 3.8~b 10 143 6.9Qô 17 118 14.4°,0 3 15 14.3'.;., 30 27E. 10.B':I.'-:. t,~ ;.-'-,:,

OTHERBASE 3 80 3.8~b 45 736 6.1~b 18 141 12.aQ:' 10 33 30.3'., 73 910 8 f)~ '-;. i'J ~ '-. ",

OVERALL STUDY MALFORMATION RATE

LESS THAN 5~b 3 151 2.0Qô 26 918 2.aQo 3 164 , .8~é 2 31 6. 5~:; 31 1 ~ 1 :: L::' ~:,

5 - 10~b 3 163 1.8~b 38 511 7.4Qb 33 582 5.7~. '') 10 8S 11 .~ ~": al • -';;1 F;, 3';'')

>10~b 5 84 6.0Qb 43 32~ 13. 1~b 62 440 lt.1Q, 32 159 2,). , -::. 1':3 37'::. 1S -::-.:;.

MAJOR ANOMALIES ONLY

MAJOR ANOMALIES ONLY 0 17 O.O~b 45 889 5. lO.'J 19 279 6.8', 14 <, 25.0';:- e2 •23 ~ ~ 7',_0

NOT SPECIFIED 11 381 2.9",0 62 868 7. , c0 79 907 8 7', 30 222 , 3.5 -::. ~rJ
' ~ .. -:: -;- ...<"

TOTAL 11 398 2.8°;' 107 1757 6.1 0 ", 98 "26 8.3', !~ 27é ~ 5.2.:':. 2':' ~ 3272 ~ ':or',: .~;, '~",.



•

•

Table 3.3.2

Crllde pooled rates of congenital malformations in offspring of epileptic mothers
str atificd by number of anticonvulsants during the first trimester of pregnancy

Nurnbclof Live Malformed Rate Crude
Anticonvulsams Births Children 1100LB RR

None 587 13 2.2 1.0

1 1,850 110 5.9 2.7
2 1,418 111 7.8 3.5
3 465 65 14.0 6.3
4 109 28 25.7 11.6
5+ 60 6 10.0 4.5

Exposed Totals 3,902 320 8.2 3.7
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Table 3.3.3

Crude pooled rates of congenital malformations in the offspring ot eplleptlc mothers
on specifie anticonvulsant therapies dunng the tirst tnmester of pregnancy

Anticonvulsants Malformed Live Rate Relative
Children Births /100LB Risk

No Anticonvulsants 11 398 2.8 1.0

PHB Monotherapy" 33 716 4.6 1.6
DPH • 41 550 7.5 2.7
PRM • 11 188 5.9 2.1
VPA • 13 137 9.5 3.4
CBZ • 6 133 4.5 1.6
SUX • 2 24
TRI • 1 5
CLN • 0 4

PHB+DPH 67 890 7.5 2.7
• +PRM 3 29 10.3 3.7
• +VPA 3 25 12.0 4.3
• +CBZ 1 34 2.9 1.0

DPH+PRM 14 69 20.3 7.3
• +CBZ 1 30 3.3 1.2

PRM+SUX 5 30 16.7 6.0
Other 2 Drug Combos' 4 79 5.0 1.8

PHB+DPH+PRM 9 41 22.0 7.9
• + • +OTHER(N/S) 24 163 14.7 5.3

PHB+CBZ+VPA 4 8 50.0 17.9
Other 3 Drug Combos' 7 66 10.6 3.8

DPH+PRM+ 2 OTHERS 5 30 16.6 5.9
PHB+DPH+CeZ+VPA 5 8 62.5 22.4
Other 4+5 DrUiJ Combos' 2 13 15.3 5.5

EXPOSED TOTALS 261 3272 8.0 2.9

• less than 25 exposures to any one of these combinations among ail the
included studies combined

•• PHB=phenobarbital; DPH=phenytoin; PRM=primidone; VPA=valproic acid;
CBZ=carbamazepine; SUX=e!hosuximide; TRI=trimethadione;
CLN=clonazepam

••• breakdown of exposures by individual study available from the authors
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Crwh:: pno:c:d rak~s of conqenital r1Can dclects and cleft Iip and/or palate for

IJll~;pflnq ot npll\~ptlc rnûtllcls stlarll18u by the :lurnber ot 1st trimester

,1 rlt:cnnvllisallts

C!et.:_Lip_a_n9i.~r Pal~t~_ ~o_r:ger.;!al_lie~tpet.~cts__

NurnbN of Live- Rate Relative :iate Relative
Antrconvulsants Births' # /100LB Risk # /100LB Risk

None 223 1 0.4 1.0 2 0.9 1.0

1 1.452 9 0.6 1.4 14 1.0 1.1
2 1.082 15 1.4 3.1 16 1.5 1.6
3 248 4 1.6 3.6 9 3.6 4.0
4 40 3 7.5 16.7 3 7.5 8.4
5 11 0 0.0 0 0.0

Exposcd Totals 2.803 32 1.1 2.5 44 1.6 1.8

• Irve birtl1 totals t.rom studies where information about individual anomalies was reported



• Table 3.3.5

Crude pooled rates of clef: lip and/or palatt~ and hcal t lit~tt.~GIS 111 OtlSpllll~l

of epileptic mothers on specifie anticonvulsant therapy dUI Hlfl tllC fil st tllllh~stt~r

Clelt Lip CLln~Wlllt~ll

anli/or Patate Hl.~;\l t Dl~lù:ts

Live- Rate erude # Ratt.~ Cilldt'

Anticonvulsants Sirths' # /100LS RR /100LS RR

No Anticonvulsants 223 1 0.4 1.0 2 0.9 1.0

PHS Monotherapy" 617 7 1.1 2.5 6 1.0 1.1
DPH " 429 1 0.2 0.5 4 0.9 1.0
PRM 134 1 0.7 1.7 3 2.2 2.5
VPA " 119 a 1 O.S 09
CSZ 130 a a
SUX " 15 a a
TRI " 4 a a
CLN " 4 a a

PHS+DPH sos 9 1.1 2.5 12 1.5 1.6
" +PRM 11 a 1 9.1 10.1
" +VPA 25 1 4.0 S.9 a
" +CSZ 34 a a

DPH+PRM 65 4 6.1 13.6 2 3.1 3.4
" +CSZ 27 a a

PRM+SUX 30 1 3.3 7.4 a
Other 2 drug combos' •• 79 a 1 1.3 1.4

PHS+DPH+PRM 36 a 2 5.5 6.1

" + " +other(N/S) 139 2 1.4 3.1 6 4.3 4.S

PHS+CBZ+VPA 8 a a
Other 3 Drug combos'" 66 2 3.0 6.8 1 1.5 1.7

DPH+PRM+ 2 OTHERS 30 a 1 3.3 3.7
PHB+DPH+CBZ+VPA 7 3 42.9 95.7 2 28.6 31.8
Other 4+5 drug combos' •• 13 a a

EXPOSED TOTALS 2803 32 1.1 2.5 44 1.4 1.6

live births where information about ciel! lip and/or palate and conginital heart delects
was reported
PHB=phenobarbital; DPH=phenytoin; PRM=primidone; VPA=valproic acid;
CBZ=carbamazepine; SUX=ethosuximide; TRI=trimethadione; CLN=clonazepam
less than 25 exposures to any one of these combinations among ail the included studies

• combined
breakdown of exposures by individual study available from the authors on request
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Figure 3.3.1 Congenital anomaly risl< among offspring of
epileptic women on anticonvulsant monotherapy relative to
offspring of non-epileptic women without anticonvulsant therapy

STUDY AU THORS, YEAR, MSA'

KOPPE cl al 73 S

FEDRICK 73 S

ANNEGERS cl al 74 S

LOWE 73 S

MILLAR & NEVIN 73 S

SfiAPIRO cl al 76 S

fllLL ct al 74 S

M-fI SUMMARY ESTIMATE

•• - T - r---; -PTiT --_. -~-- -j-- - ---!-. :-1

•

0.01 0.1 1 10

RELATIVE RISK AND 95% CI
100

- -
4 MSA =Methodologlcai Strength Assessment: U =Uncertain; A =Adequate; S =Sound .

. '_..,"0= __'- •• _"_--= C~::-: ~=---~ ~_~.,,-. __._ - ---- -- ..".. - ---- - ...- "-------

•• Mantel-Ilaenszel summary RR estlmate Includes data from tho 7 plotted studios.
••• Confidenco Intervals (CI) ordored by wldth ln ail graphs.
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Figure 3.3.2 Congenital anomaly risl< for offspring of epileptic
womp.n on three anticonvulsants relative to monotherapy

STUDY AUTHûRS, YEAR. MSA·
ï------ --------

MEYER 73 A

DANSKY ct al 82 S

FEDRICK 73 S

NAKANE 79 S

STARIlEVElD/ZIM 73 U

HANSON ct al 76 U

•

JANZ A FUCHS 64 U

L1NDOUT ct al 82 S

MlllAA A NEVIN 73 S

KANEKO ct al 88 S

ROBE AT ct al 86 U

M-H SUMMAAY ESTIMATE

1

1
1

i
!

0.01 0.1 1 10

RELATIVE RISK AND 95S, CI
Confidence intérvals ordcrcd t)j 'o'Ilfjtr•

• MSA ~ Methodologieal Strength Assessment: U ~ Unee'tain; A ~ Adequate; S ~ Sound .

•• Mante\-Haenszcl summary AR estimate Includes data Irom the 11 plolled studies
and 7 studies not plolled because the RR was zero or undefined. Totals
(anomalies/liveblrths) for un-plotted studies:
three-drug thempy - 0/2.0/1.0/11,0/1,5/17,0/4,0/6;
monotherapy - 7/45.6/57.3/17,2/13.0/6.6/79,1/60.

1 'J !"j
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Figure 3.3.3 Congenital anornaly risl< for phenytoin
monotherapy relative to phenobarbital monotherapy

STUDY AUTHORS, YEAR. MSA'

AtlNEGERS et al H S

FEDRICK 73 S

MEYER 73 S

LOWE 73 S

DANSKY el al 02 S

BERTOLLINI 07 U

MILLAR .\ NEVIN 73 S

M-H SUMMARY ESTIMATE

~ r;' -

0.01 0.1 10 100

RELATIVE RISK AND 95% CI

• MSA = Methodologieal Strength Assessment: U = Uneertain; A = Adequate; S = Sound.

"(seo logond Figure 2) Summary ostlmalo ineludes 9 un·plotlod studios: phonyloin
2/55,0/4,0/3,2/8,2/9,2/24,2/28,3155 ,0/6; phonobarbi tal
0/51 ,6/36,3/ü1 ,11/3,013,0117 ,0/18,0/4,1/14.
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Figure 3.3.4 Congenital anomaly risk for valproic acid
monotherapy relative to phenobarbital monotherapy

STUDY AlJTHûRS, YEAR, MSA'

BERTOLLINI-LYON 87 A

ROBERT cl .186 U

L1NDOUT 01 ,11 82 S

BERTOLLINI-FRAN 87 U

b.\~!UU ~lli\ A~YJJ'-1.II,\ Ali.

0.0 j

,
!

0.1

RELATIVE RI8K MJD 95': CI

• MSA ~ Methodologie.1 Strength Assessment: U = Uneerl.in; A =Arj~quat"; S =Scuw!

"(see legend Figure 2) Summary eslimale Ineludes 3 un-plolled sturJi~~: v"lr·rGic
Beill 2/18,0/40,0/3; phenobarbital 0/7 ,3/156,1/30_
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Figure 3.3.5 Congenital anornaly
phenytoin + prirnidonel + other anticonvulsants
rnonotherapy

STUDY AUTHORS, YEAR, MSA'

MEYER 73 A

DAfISKY ct al 62 5

KANE KO cl al 66 S

UNDour ct al 62 S

M1LLAR & NE VIN 73 S

MELCHIOR ct al 67 A

M-H SUMMARY E8T1MATE

..
-r --I-i--·TT~:·--

risl< for
relative ta

i i

•

0.01 0.1 1 10

RELATIVE RI8K AND 95% CI
100

• MSA =Methodologleal Strength Assessmont: U =Uncortain; A =AdoCluate; S=Sound.

"(see logend Figure 21 Summary estlmato Ineludos 2 un·plotlod ~tudjos:

phonytoln +primIdone/ + 0/2,0/2; monothorapy 3/66,1/8.
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Appendix 3.3.1

Design characterislics 01 31 studies included in meta-analysis

PUBLICATION STUDY STUDY
YEAR AUTHORS PLACE YEARS TYPE SAMPLING BASE EXPOSURE ASCERTAINf.lENT OUTCO/.lE ASCERTAINI.1ENT ~.1SA· ..

64 Janz & Germany 56-63 R Epilepsy OUlpalient Queslionnaire Iilled out Questionnaire filled oui U
Fuchs Clinic by molller (in 19631) (in 19631)

67 Melcllior Denmark 62-65 P MOlhers delivering al Blood sampie - umbilical cord Exarnination stlOllly aftN birth "et al a university hospilal

71 Watson & USA 60-70 R Florida Hospital Records Irom Hospilal (Y/omen Maternai & neonatHI tlospilal S
Spellacy with convulsive disorders) records revicwed

73 Bjerkedal & Nerway 67-68 R Ali births in NOll'lay Medical registralion of birlh Detailcd medical reglslration A
Bahna 1967 and 1968 inc/udes mother's health 01 birlh

information during pregnancy

73 Fedrick England 66-70 R 2 counlies Epileplic molhers selected from Hospital birth & admissions S
delailed Compulerized birlh syslematically abslracled lor
regislry -Rx Hislory Irom GP Oxford Aecord linkage Projccl

73 Koppe Holland 63-68 R Hospital Clinic records Hospital records S
et al

73 Lowe England 65-71 R Mothers domiciled Compuler birlh regislry Computer birth regisuy S
in Cardiff Menlion 01 epilepsy; 10lloY/ed coded anomalies

V/ith hospital & GP records

73 Meyer Germany R Epileplics trealed Parenls inlervieY/ed & given ParenlS queslionaire U
ln Heitdelbury queslionaire;

73 Millar& Ireland 69-72 P Depl. 01 Neurology Clinic records DaIa lin ail pregnancies ior S

Nevin women aHending 1 neurologisl

73 Slarrevetdl Netherlands R Palienls relerred 10 Survey Survey U
Zimmermnn epilepsy cenlres
el al

• Sludy Type: R= relrospeclive lollow-up; P = Prospective lollow-up.
•• Methodologicnl Strenglh Assessment: U = Uricorlnin; A = Adequale; S = Sound. (See Texl) (conlinued)
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Appendix 3.3.1 (continued)

PUBLICATION STUDY STUDY
YEAR AUTHORS PLACE YEARS TYPE SAMPLING BASE EXPOSURE ASCERTAINMENT OUTCOME ASCERTAIN/~ENT MSAo.

74 Annegers USA 39-72 R MayoClinic Comprehensive trealment records Comprehensive records including S
for each patient Vlilh epilepsy examinalion & detailed revicw
available for several decades al 4 days & medical history

Y/hile child ramains in the area

74 Barry & Australia 69-72 R A Melbourne Hospital Women coded as epileptic at No details given U
Oanks antenatal clinic contacled &

inverviewed (40 interviewed,
32 had moved, 51 no reply)

74 Hill USA 69-72 P Private hospitals Selecled at admission to labour Detailed physical nxam al hirth S
associated wilh Delailed hislory taken 1.2,3.4.6,9,12,18,36 monlhs.
Baylor College OF'~ Obst & GP lellers 10 conlirm Examiner blinded la Rx

medicalion during preg

76 Hanson USA P SeaWe Clinic? Chnic in SeaWe? Physical axarn of 35 children U

76 Shapiro USA 59-65 P Daia hom Collaborative Collaboralive perinalal study Detailed follow-up of anr;rnél1ÎGS S
Perinalal Projecl (12 Ax at antenalal interview & to age 1 or 10 age 4 il
hospi tais across USA) inspeclion 01 hospital & medical dealh; molor & menlaltn5ling

records when appropriate at 8 monlhs.

79 Nakane Japan 74-77 P ~ University ....cspitals, Demographic & clinical by Pro - Psychiatrist co!leGlr:rJ S
1 NeuroPsychi llry Unit, psychialrist information on deli'lcry and

FI Nalional Epilepsy Ctr. early neonalal period Irom

& National Research obstetrician and pati8nl
Inslilute For Nervous Retro - malformations G0nflrmed S
& Menlal Diseases duriog lollow-up

80 Deilrich Germany 79 R Clinic Clinic records? Physlcal exam 01 ch,ldren U
(aged 0.5 - 16 yea,,)
(cross-sectionaIJ

• Studl' Type: R= relrospective lollow-up; P = Prospective follow-up.
•• t.tothodological Strength Assessmenl: U = Uncertain; A = Adequate; S = Sound. (See TexI) (commued)
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Appendix 3.3.1 (conlinued)

PUBLICATION STUDY STUDY
YEAR AUTHORS PLACE YEARS TYPE SAMPLING BASE EXPOSURE ASCERTAINI.IENT OUTCOME ASCERTAINMENT MSA"

80 MajelYskl Germany Universily Hospilal Mothers inlervielYed Chlldren examlOed A
Neurologie eHnie about drug use
(11 neuro psychiatrie
eHnies)

82 Bossi Haly 77-80 P CHnie CHnie records U

Blood Plasma monitoring

82 Dansky Canada Seizure eHnie & Blood folate & AED monitoring Birth record. c!imcal record, S
et al privale neurologie & from time recruiled (before or clinical exam

obstetrie practice during pregnaney)

82 Dansky Canada 81 P Montreal seizure elinie, Delailed history laken during RcvÎew of neonatal exam & rater S
et al neurologie & obsletric~1 pregnancy, monlhly AED intake, records: exam at birth & during

practices reviel'l & blood serum moniloring 1Si year. followup ta age 6

82 Hiilesmaa Finland 76-79 P Epilepsy cHnie? Clinic records Examination U

82 Lindhout Nelherlands 72 P Epilepsyoulpatient Inlo aboul prev preg & ln hospilal birlhs roulinely S
et ni cHnie anticonvulsant 1st Tri serum examined by pedialrida"s

levels, filS entered on Info regislered al 1st visit
a siandard form al visit after ta epilepsy cHnie after birlh
birth (generally available
case history tao)

82 Rating 76-80 P 5 obsteuieal eHnics 14 V/emen on Primidene examined at birlh, 4 days & S

in Berlin (bleod sampled regularly) 4 lurther exams in FYOL

84 Kelly USA 77-80 P Epilepsyoulpatient Slandardized dala on epileptie Neenatal exam by invesligalors S

ot al eHnies 1Y0men of ehild-bearing age. +6 -12 Yleeks & la - 14 mlhs,
Regular update of informatien tor olher hospilals newborn
Blood serum regularly records requested. (Home visit
monitored lor folloV/up if necessary)

• Study Type: R= retrospeetive 10IlolY-up; P = Prospective follolY-up.
•• Melhodologieal Strength Assossmenl: U = Uncerlain; A = Adequate; S = Sound. (See Toxt) (continued)
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Appendix 3.3.1 (continued)

PUBLICATION STUDY STUDY
YEAR AUTHORS PLACE YEARS TYPE SAMPLING BASE EXPOSURE ASCERTAINMENT OUTCOME ASCERTAINMENT MSA"

84 Miyekoshi Jepan 75-83 P National Epilepsy Centre Daia prospectively collected Intervlewed mother & atlending A
obsleUician or pediaUician fer
neonatal death or slillbirlh.
63 out 123 live birlhs examined
in infancy by decler al clinic
ln charge of palient

86 Jager Germany 76 P Neuroleglcal tlinic Regular Inlervlews during Neenatal nurses & Pedialricians S
Roman pregnancy & review of obslelrlc blinded to exposure slalus
et al medical record. Serum bleed

levels in Isi trimesler.

86 Rebert France 76-83 Women V/ho had an EEG Questionaire sent to wemen Questionnaire sent to Vlomen U
belween 76 & 83 at lhe
hospital of Neurolegy &

Neurosurgery P.
Wellheimer,Lyen France.
& 3 Lyen malernily wards

86 West Canada 80 R 95% of Saskatchewan Saskatchewan provincial drug Saskalchewan adrnission-5cparatio "-
et al populatien served by plan cemputer Iiles hospilal abslracl dala

provincial drug plan

87 Bertollinii France 73-83 R Epilepsy league data Physician' records Physician's rec(lrds U

Lyon 76-84 R Clinic & hospital Malernity heallh records Mallermation regisuy A
lIaly 83-85 P Mullicentre registry Delails nel given Details not given U

SlVeden 73-81 R Birth defects regislry Hospilal records Computer;zed birth fil~5 U

& pcpulalien data

88 Kaneko Japan 78-84 P 2 universily hospitals & Data prospectively collecled examÎnation by (Jbsletricians S

medical college hespilal at monthly inlervals including & neuropsychiatrisls on day 1.
compliance and seizures day 5. day 13 and al time of

developmental mllestones.

• Study Type: R= reuospectiv9 101l01V-up: P - Prospeclive follolV-up.
•• Melhodological SU9ngth Assessmenl: U = Uncertain: A = Adequate; S = Sound. (See TexI)
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CIIAlYrER 4. SASKATCHEWAN RECORD LINKAGE STUDY

MATERIALS AND METIIODS

This historical follow-up study examines ar.ticonvulsant drug therapy during pregnancy

and sclected reproductive outcomes occurring between January 1, 1977 and March 31,

1984 among the approximately 95% of women in Saskatchewan covered by the

provincial prescription drug and hospitalization plans. The names used and the protocols

described in this thesis retlect the setup at the time the study was initiated (1984). (The

sctup and protocols for the prescription drug plan changed twice in the late 1980's.)

4.1 Sources of data

Demographic information

Saskatchewan Health maintains a Health Insurance Registration File which contains

demographic data on each of the approximately 950,000 individuals registered in the

Health Plan. A unique eight digit number, the Registration Beneficiary Number (RBN),

is assigned to each individual when he or she enters the Plan. The first six digits identify

the family; the last two digits identify family members. At age eighteen individuals

receive their own family number. A woman's RBN generally changes to her husband's

family number when she marries and if she becomes divorced she may receive her own

family number.

Drug eXJ?Qsure data

Between September l, 1975 and June 30, 1987 the SPDP directly paid pharmacies the

actual drug material cost and a portion of the dispensing fee for prescriptions for
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formulary drugs issued OUI oi hospitallO eligible residents of Saskat"ll'wan. The SI'J)l'

covered over 95 % of the province's approximately one million inhabitants. eX"llding

only those covered by other government plans. The n:imburs-.'menl ruks and

mechanisms were changed on luly l, 1987,10 a family rather than individllal-orientc'd

reimbursement scheme which diminished the usefulness of :he data I,'r

pharmacoepidemiology. However, the plan \Vas alten:d again in ..:arly 19~N to a system

more like the original scheme and renamed the Saskatchewan Preseription Orug ServÎl.:es

Branch.

The SPDP covered sorne 1500 drug related products containcd in the Saskatchewan

Formulary. The participating pharmacies (351 in 1983) submittcd daims to the SPOP

on multi-line claim forms or through direct computer links. Claims fC'Ceivcd by SPOP

on daim forms were scanncd for completeness, keycd onto disk and microtilmcd. Once

machine readable, each daim was checkcd for an eligible RBN. the drug name.

manufacturer, pharmacy, dosage form, quantity dispenscd, and preseribing physician.

Claims passing the data checks were automatically paid. The SPDP maintaincd

cumulative computer files of these individual daims data.

R~roductive Qutcome data

Ali permanent residents of Saskatchewan are entitlcd to hospital services without payment

of a premium. They are required to register and participate in SHSP (now namcd

Saskatchewan Hospital Services Branch) unless covered under other provincial or fcderal

prograrns. A hospital discharge abstract form is required by SHSP for every discharge

from one of the 153 public hospitals b t'le province (1983). Automated hospital

Inpatient Statistics records are created by SHSP from these forms and indude routine

demographic data, the patient's RBN, the discharge date, separation type, days stay,

operations performed and provision for a primary diagnosis on discharge and secondary

diagnosis or complication codes. SHSP staff code the primary and secondary diagnostic
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codes ta 4 digits using the Ninth Revision of the International Classification of Oiseases

(ICD-9). Prior to September !, 1979 coding was done using the Eighth Revision of the

ICD, but these codes had becn retrospectively updated to ICO-9 codes in the files

acccsscd for the study.

4.2 Methods - Record linkage

The record linkage strategy for this study is presented in two flowcharts. Figure 4.2.1

describes the linkage of reproductive Ol.tcome data from the hospitalization database.

Figure 4.2.2 describes the extraction of drug data, the creation of the linked maternai

prescription drug-reproductive outcome database and initiation of the anticonvulsant-birth

dcfect study.

Hospital data extraction

SHSP's computerized files of hospita! discharge abstract data for the period April!, 1977

through March 31, 1984 were scanned to locate records with the following discharge

diagnosis codes (primary or secondary) or other identifiers: pregnancy complications

(ICO-9 codes 640-648); pregnancy outcomes not resulting in a livebirth {including

ectopie pregnancy, spontaneous abortion. therapeutic abortion. and stillbirth (ICO-9 630

639. 656.4»; delivery (ICO-9 650-669); births (identified by a newborn age code);

childhood hospital separations up to age 5; and childhood deaths up to age 5.

For each category above, a computer file was created and al! data items on the

computerized individual admission-separation records meeting the criteria were copied

into the <,ppropriate file. The selected files were extensively checked through cross

tabulations to ensure that appropriate selection criteria had been used, that the selection

algorithm was working correctly and that the counts of selected records were consistent
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with data l'rom SHSP's annual reports and internally consistent across years .

The individual files were then sorted by the RBN and discharge date to facilitate internai

and cross-file linking of records of a mother's individual pregnancy and dclivery and of

the infanfs records. Through a series of linkage steps. maternaI. newborn and childhlxxI

records were consolidated by matching on the RBN and the lime of discharge to crc..1.te

one summary record per pregnancy. The summary pregnancy records were matchcd to

the Health Insurance Registration File to f1ag. date and cross-referencc ail instances

where the mother's RBN changed during the year preceding the pregnancy outcome.

When more than one pregnancy outcome was reported for a woman during the study

period, each was f1agged as such and ail were kept in the database. allowing for the

possibility of within mother comparisons and the ability to restrict the analysis 10 tirst

reported outcomes.

Drug data extraction

SPDP prescription c1aims files for January l, 1976 through December 31. 1983 were

scanned and the individual record for every prescription dispense<! to a reproductive age

woman (15-49 years) was copied to a new file. In the same scan, the individual record

for every prescription dispense<! for an anticonvulsant drug to anyone in the drug plan

was extracted and copied into a second file.

The data on anticonvulsant prescriptions were sorted by RBN and dispensing date and

then consolidated by RBN to establish a file with data on ail individuals who had

received any anticonvulsant prescriptions during the eight-year period, each with an

individual anticonvulsant prescription history spanning the eight-year period. (Sec Table

4.2.1.) Anticonvulsants other than phenobarbital are use<! almost exclusively for epilepsy

control (Krogh et al., 1987) and thus prescriptions dispense<! for these anticonvulsants

can be use<! te f1ag individuals likeiy to have epilepsy. Phenobarbital is often use<! as an
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anticonvulsant but it is also prescribcd as a sedative or anxiolytic agent for the relief of

tension and apprehension, and as a hypnotic for the shon term management of

insomnia.(Krogh et al.. 1987)

l.inking dnlg and hQspilal data

The con5Olidatcd pregnancy outcome file was merged with the file containing data on ail

prescriptions for reproductive-age women to complete the prescription drug-reproductive

outcomes database. Data on ail prescriptions dispensed to the mother in the year

preccding the outcome under her RBN at the time of delivery were appended to the

pregnancy record. A one-year cutoff was selected in order that ail prescriptions used

during the tirst trimester, the primary focus for drug use and binh defects rcsearch,

would be linked to the mother. Data assembled in this maternai prescription drug use

reproductive outcomes database is presented in Table 4.2.2.

This database was then linked to the consolidated anticonvulsant users file to flag

pregnancies where a parent may have been epileptic and to append the anticonvulsant

prescription history to the pregnancy record. Where both the mother and the father had

been dispensed anticonvulsants, a separate group was formed. Because the group was

small, for analysis they were added to the group of pregnancies where the mother had

a history of anticonvulsant exposure.

If a woman's RBN changed during the year before a pregnancy outcome, the

prescriptions issued to the woman before the change in her RBN could not be linked to

the pregnancy. Similarly, separate anticonvulsant histories would be created for each

RBN. It is possible to resolve changes in RBN's 50 that complete linkage cao be made,

but this process would have required an involved proccss to update the RBN's for ail

prescriptions for reproductive-age women and for ail records selected from SHSP to the

most recent RBN. The cost of such a procedure was prohibitive (at least as expensive
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as the rest of the studv) and not done. lnste;ld. women whose nllmher chan~c'd dllrin~. . .
the year preceding a pregnancy outcome were simply tlagged and the d;lte of the change.

as recorded in the Master Registration File. added to the individual pregnancy reCl'rd.

This allowed the researcher to be aware of the pregnancies and the time window where

there might be missing prescriptions.

Because those women who might be missing data on prescriptions eOlild he tlagged and

less than 10 percent of individual RBN's change in the course of a y~"lr. the shortcoming

in prescription ascertainment was not perceived as a problem that would jeopardize

analysis. The likely effect of the missing data would be non-differentialmisclassilication

of sorne of these women's drug exposure status during ~"lrly pregnancy to unexposed

when they actually had becn dispenscd prescriptions. The eftl.'Ct would be to diminish

estimates of risk based on exposcd/not exposed analysis towards the nlill. Flirthermore,

by adding the RBN change flag, analysis could be done with and without the tlaggcd data

allowing evaluation ofan unforseen bias. However, if dose-risk analysis was performed,

missing prescriptions would tend to rcduce the dose thus increasing the risk associated

with a specifie dose.
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Table 4.2.1

Information consolidated for each individual in Saskatchewan dispensed any
anticonvulsants through the SPDP between 1976 and 1983.

Al Ali anticonvulsant prescriptions filled between January 1. 1976 and
December 31. 1983 through SPDP. For each prescription dispensed. the
following information is recorded:

-date prescription filled
-drug identification number (D.I.N.)
-quantity prescribed (number of tablets)
-active ingredient number (AIN)
-strength
-form
·class
·repeat (yes/no)

B) An eight year summary history of each anticonvulsant used. including for
each anticonvulsant:

·date first dispensed
·date last dispensed
·total number of prescriptions dispensed
-date person entered drug plan
-date person left drug plan
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Table 4.2.2

Information assembled for each pregnancy outcome in the linked SPOP-SHSP
maternai drug use-reproductive outcome database.

From the Master Registration File:

-flag indicating a change of RBN in the one year period preceding a
pregnancy outcome
-date of RBN changes
-old RBN(s)

From the SHSP Admission-Separation Summary Record Files:

A) From the mother's hospitalization for delivery

-date of birth
-S-year age group
-residence code
- diagnosis - primary ((GO-S 4-digitl
-diagnosis - secondary ((GO-S 4-digit)
-discharge date
-operation code
-responsibility for payment
-separation type

Bl From the infant's separation after birth

-last 2 digits of child's RBN (used to establish mother's parity)
-date of birth
-sex
-diagnosis - primary ((GO-S 4-digitl
-diagnosis - secondary ((GO-S 4-digit)
-discharge date
-separation type

G) From infant and early childhood separations (age 0-5 yearsl for late anomaly
diagnosis

-diagnosis - primary ((GO-S 4-digit)
-diagnosis - secondary ((GO-S 4-digitl
-discharge date

(continued)
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Table 4.2.2 (continued)

Dl From separations for infant death (age 0-5 years. ail causes)

-diagnosis - primary {ICD-S 4-digitl
-diagnosis - secondary (ICD-S 4-digit)
-discharge date
-separation type

From The SPDP Prescription Files:

Al Ali prescriptions fi lied for a woman in the year preceding any inpatient
hospital-recorded reproductive outcome for that women. For each prescription
dispensed. the following information is recorded:

-date prescription filled
-drug identification number (D.I.N.)
-quantity prescribed (number of tabletsl
-active ingredient number (AIN)
-strength
-form
-class
-repeat (yes/no)
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4.3 Evaluating the le\'e\ of birth defects ascertainment in thl' databasl'

The interest in this thesis is primarily ti:x:us.:d on "major cong.:nital mallllrlllations" (i ..:.

serious cong.:nital anomali.:s. s.:rious birth dd.:cts). In th.: lit.:r.\tur.: r.:vi.:w and m.:t;\

analys<:s the original study authors' interpretations of what constitut.:d an important

anomaly had to be adopted. although they were rarely explicitly stated. Ml'st of the

studies us<:d written descriptions of the anomalies reported in the hospital chart or an

actual examination of each child to dt:eide whether an eligible anomaly was present.

However. in the Saskatchewan record linkage study we were depcndent on .l-digit

International Classification of Dis= codes (sometimes aid.:d by two or thrœ word

written diagnoses available l'rom the validation study copies of hospital-separation

abstracts). Differentiations betwccn major and minor anomali.:s can he complicated by

the fact that sorne anomalies can be expressed in a range of s<:verities l'rom tOL.'\lly

functional to life threatening. This can be problematic because the standardizl.'d coding

system commonly used for congenital anomalies. the International Classification of

Diseases, contains no provision for differentiation of the severity of most birth del':cts.

Birth defect =s were defined for the Saskatchewan study on the basis of the ICD-9

rubrics. Classifications 740.0-759.9 were included with some specifie diagnoses

excluded. Tongue ties (750.0), undescended testicle (752.5), and the code including skin

tags and birth marks (757.3) were not included, since in general they can be considered

normal variants (Sever et al., 1988). Thes<: conditions are cornmon and generally

medica1ly unimportant. High variability in reporting of these conditions can mask

important variation in less common but more important conditions. Patent ductus

arteriosus (747.0) has also becn removed becaus<: it often occurs as a consequence of

prematurity in which = it is not a defect. (Gestational age is unavailable in SHSP

admission-separation summary dataset, 50 premature infants are difficult to identify to

distinguish which patent ductus =s should be considered birth defects.)
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The levcl of birth defect asccrtainment was examined by comparing the Saskatchewan

prevalence at birth of birth dcfects (as ascertained in the tirst year of life llsing the SHSP

admission-separation summary records) with other birth defect databases. The birth

prevalences of the 20 three-digit ICD categories (740-759) in the congenital anomalies

chapter were compared with data l'rom nearby provinces as assembled by the Canadian

Congenital Anomalies Surveillance System (CCASS) operated by Health and We1fare

Canada.

Saskatchewan docs not have its own registry of congenital anomalies and thus docs not

participate in CCASS. During the early 1980's an increasing number of hospitals in

Saskatchewan began using the services of the Hospital Medical Records Institute (HMRI)

and by 1984 about 80 percent of inpatient admissions in the province were being reported

to HMRI. However, unlike in Ontario and British Columbia in particular, the HMRI

data for Saskatchewan is not useful for monitoring because identifying information

requirt.'d to bring together multiple admissions is sparse. In Appendix A data are

presented on the frequency with which the hospital insurance number, the geographic

code and the postal code were recorded among HMRl records for Saskatchewan which

included a diagnosis for a congenital anomaly in the tirst (WO years of life. (There are

no names or addresses on the HMRl dataset to facilitate linkage.) As a result no attempt

was made to compare the SHSP anomaly data with the HMRl data for Saskatchewan.

Data l'rom multi-source registries in British Columbia and Alberta, a hospitalization-based

registry in Manitoba, and HMRI-based monitoring in Ontario for similar time periods

(generally 1978-1984) were chosen for comparison to the Saskatchewan dataset. Each

of these registries includes birth defects reported in the first year of life. In Canada the

experience has becn that monitoring restricted to hospitalizations will generally pick up

about 90% of the cases that multi-source monitoring yields. (Johnson, 1990) Ali chosen

data had becn recorded or recoded lCD-9. As in Saskatchewan, other provinces adopted

the Ninth Revision of the ICD around 1979.
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Analysis was donc atthe three-digit ICO category kvel because detaikd code resolution

schemes net available at SHSP are required to correctly chose appropriate four-digit ICO

9 codes for congenital anomalies when. as often occurs, a child is hospitalized more than

once and the discharge summaries contain diîfering four-digit codes within the threl'-digit

categories. The number of cases, as opposed to the number of anomalies, and hirth

prevalences at the three-digit ICO level were calculated for c<\ch province. ln ail

provinces, minor anomalies were excluded as discussed above.

4.4 Estimating anticonvulsant exposure during pregnancy

ln developing a plan to estimate periods of exposure and dose estimates for women

dispensed anticonvulsant around the time of pregnancy, the following necded to he

considered:

1) SPOP had not developed an algorithm for translating prescription dispcnsing

information into probable drug use patterns.

2) Information about gestation length was not present on the SHSP file.

3) Anticonvulsant prescription patterns varied markedly. Prescriptions for

anticonvulsants can be dispensed in 30 day or 100 day supplies, although which

time period is not indicated on the SPOP data file. In many instances repeat

prescriptions were dispensed on dates not ncar either 30 or 100 days l'rom the last

prescription for the same anticonvulsant (sec below).

4) The appropriate therapeutic dose for individual anticonvulsants can vary

considerably among persons with epilepsy and can be established only through a

trial and error process to find the minimum dose that kecps a patient seizure-frec

over an extended period of time.

5) Epileptic convulsion frequency has becn observed to remain unchanged in about

half of the pregnant women with epilepsy, to decrease in about 25 percent of

women, and increase in the other 25 percent (Schmidt, 1982). Therapy may be
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altcrcd in response to convulsions.

6) Some women may individually decide to reduce or even to stop their intake of

anticonvulsants once they suspect they are pregnant because of their fear of

tcratogcnicity (Schmidt, 1982). This probably contributes to the changes in

convulsion frcquency observed.

7) Because Saskatchewan Health did not allow the researcher access to individual

records, it was not possible to examine individual dispensing patterns. Close visual

inspection of these might have offered added understanding of specific individuals'

dispensing patterns aI'd better estimates of exposure.

To dcal with these constraints the following strategy was devised: "Short", "average"

and "long" windows of probable gestation length and of likely dates of the first trimester

in relation to the date the pregnancy ended were developed for livebirths, stilIbirths,

induced abortions and ectopic pregnancies. (see Table 4.4.1.) An algorithm was

developed to translate the data on each anticonvulsant prescription dispensed to an

individual into a probable anticonvulsant exposure and dose status during a certain

number of days following the dispensing date. The time between prescriptions, the

strength, the amount of drug prescribed, whether the prescription was a repeat and the

consistency of the pattern of prescriptions were used to evaluate probable exposure time

(elapsed days) and make an estimate of daily dose.

Frequency tabulations of the number of days between dispensing dates in the year before

a pregnancy outcome were performed for each anticonvulsant. Although in many cases

the times between prescriptions were reasonably close to 30 or 100 days, a surprising

number were not and therefore most difficult to evaluate. Table 4.4.2 summarises the

distributions for the most commonly used anticonvulsants - phenobarbital, phenytoin and

carbamazepine. Histograms of the number of days between prescriptions for the most

commonly used anticonvulsants, phenobarbital and phenytoin, are presented in Figures

4.4.1 and 4.4.2.
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• Table 4.4.3 summarises the assumptions made about the dap:;cd numbcr of days l)Vcr

which an anticonvulsant prescription was assurned to have bccn complctdy uSt'd. \Vith

sorne patterns of anticonvulsant dispensing it was more difticult to est;lblish exposurc

estimates. Therefore, an exposure assessrnent rdiability scalc was developed w quantify

confidence in the exposure period and dose estimates. Each diffcrent type of

anticonvulsant was dealt with independently. Once the dapscd days for ail prescriplions

for a specifie anticonvulsant had been establishcd for an individual. the aver.lge daily

dose for each prescription was calculated as follows:

Rx Average Daily Dose = Rx strength x Rx quantity

Rx dapsed days

•

The total exposure of an individual to a spt.'Cific anticonvulsant in a window was

calculated as:

Total exposure in window =

L Number of days exposed during window x Rx average daily dose

# or Rx in window

An examination of the exposure and dose classifications for each anticonvulsant bascd

on the different gestation length assumptions yielded very sirnilar nurnbers of "exposed

in the first trimester" and "any exposure during pregnancy". The exposure estirnates

based on the mean pregnancy length were chosen for the cross tabulations sent to the

Laboratory Centre for Disease Control for the analysis of congenital malformation risk.
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Table 4.4.1

Windol'ls for anliconvulsanl exposure during pregnancy

Firsl Day Las! Day
01 Windol'l of Window
1st Trimester or 1st Trimesler Whole Pregnancy

Ou!come Gestation Whole Pregnancy Exposure Exposure

Live birth Mean 273' 182 0
Short 259 168 0
Long 293 202 0

Stillbirth Mean 266 175 0
Short 140 49 0
Long 293 202 0

Induced abortion Mean 110 19 0
Short 70 0 0
Long 140 49 0

Ectopie pregnancy Mean 42 0 0
Short 14 0 0
Long 70 0 0

• Days belore outcome date

•
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Table 4.4.2

Elapsed days between prescriptions for wornen on phenobarbital. phenytoin or
carbamazepine in Saskatchewan 1976-1983

Phenobarbital Phenytoin Carbarnazepine
# (%) # (%) # (%)

Single prescription 908 ( 25.9%) 80 ( 4.9%) 52 ( 8.0%)
Last prescription 539 ( 15.4%) 268 ( 16.4%) 97 ( 15.0%)

Days between prescriptions 2.060 ( 58.7%) 1,289 ( 78.7%) 499 ( 77.0%)
<25 days 280 ( 8.0%) 110 ( 6.7%) 55 ( 8.5%)
25-39 days 588 ( 16.8%) 358 ( 21.9%) 184 ( 28.4%)
40-89 days 721 ( 20.6%) 473 ( 28.9%) 168 ( 25.9%)
90-99 days 116 ( 3.3%) 93 ( 5.7%) 27 ( 4.2%)
101-130 days 197 ( 5.6%) 167 ( 10.2%) 49 ( 7.6% )
>130 days 158 ( 4.5% ) 88 ( 5.4% ) 16 ( 2.5% )

Total 3.507 (100.%) 1,637 (100.%) 648 (100.%)
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Table 4.4.3

Anticonvulsant prescription patterns, assumed days or exposure and reliability assessment

Total Rx ror Elapsed Days Assumed Elapsed Exposure
a Specilic Between Rx Days of Rx Reliability Reliabilily
Anticonvulsant Last Rx Dispensing Dates Exposure Assessment Flag Assessrnent

1 --- 30 2 Probable
2 or more N <100 Elapsed days between Rx 1 Very probable
2 or more N 100-130 100 1 Very probable
2 or more N >131 100 4 Possibly
2 or more Y Elapsed days belWeen 3 Possibly

previous 2 Rx
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Figure 4.4.1 Elapsed days between prescriptions for
phenobarbital among Saskatchewan women 1976-1983
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Figure 4.4.2 Elapsed days between prescriptions for phenytoin
among Saskatchewan women 1976-1983
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4.5 Validating the ICD coding of congl'nital anolllalil'S frolll writtl'n dl'slTiptions ou

admission-separation summal")' rl'cords

Admission-separation abstract forms are submitted 10 SilS\' for every discharge l'rom ;\

public hospital in Saskatchewan. These forms include a shon written primary and

secondary diagnosis on dischargc which are coded to ~ digits using the lC\) hy trained

SHSP staff. Data from these forms are then made machine re<ldable and used Il'r

SHSP's accounting file. Copies of the original lonns are kept on microlïehe at SilS\'.

A validation study was undenaken to assess how accurately the one-line written

descriptions of anomalies had bcen coded into the ICD and entered into the dalabase, and

to confinn the anomalies reported among the offspring of women and men Ircated with

anticonvulsants at any time during the eight-year sludy pcriod.

A sample of 234 admission-separation summaries for 182 infants with anomalies reported

were chosen from the maternal drug-reproductive oulcome database. The samp\c

included ail discharges for infants who had an anomaly and whose mothcr or father had

received any anticonvulsants during the eight-year study period. The one exception to

this rule was that oruy a sample of the records (about hait) was taken of the women with

an anticonvulsant prescription history including only phenobarbital and who had not taken

it during the first trimester. As well, a sample of 50 records (l'very fiftieth record with

an anomaly) was chosen of infants with anomalies whose mother and father had not bccn

treated with anticonvulsants during the eight-year study period.

This list was referred to SHSP staff who found the copy of the admission-separation

summary record on microfiche, photocopied it, and removed individual identifying

infonnation. A clerk at CCASS with extensive anomaly coding experiencc and blinded

to SHSP's coded diagnoses and the anticonvulsant exposure status, recodcd the primary

and secondary written diagnoses from the photocopied admission-separation records. The

original and recoded values were then compared.
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4.6 Statistical analysis

To explore the dataset and describe the number and distribution of pregnancies where the

pan:nts were likcly to be epileptic based on their anticonvulsant prescription histories,

a scries of cross-tabulations was performed. Bath the number of types of anticonvulsant

prescription and the total number of prescriptions dispensed under the present RBN were

examined to group parents as to probable epilepsy Status.

The risk of birth defccts and of sclccted non-livebirth outcomes ascertained through

hospitalizations was then examined in relationship to differences in maternai

anticonvulsant use during the estimated first trimester of pregnancy or paternal

anticonvulsant use during the estimated spermatogenesis period. Pregnancy outcomes

were first categorised by whether the mother or father had ever been dispensed an

anticonvulsant under their current RBN during the period 1976 to 1983. Because

phenobarbital is often prescribed for indications other than epilepsy, the anticonvulsant

exposure status was also stratified by whether the anticonvulsant exposure had been

restricted to phenobarbital.

Pregnancies where neither the mother nor the father had been dispensed an anticonvulsant

between 1976 and 1983 through the drug plan under their current benefit number were

used as the referent group throughout the analysis. Relative risks (RR) and 95 %

confidence intervals (95% CI) were calculated with standard statistical methods

(Rothman, 1986) using the statistical analysis package Epi Info (Version 5.01)(Oean et

al., 1990). Where expccted cell values ofless than five were encountered exact binomial

confidence intervals were calculated using the program Exactbin (Guess et al., 1987)

because the asymptotic methods for estimating intervals are not accurate with such sparse

data. The 95 percent confidence level was chosen to conform to standard practice.

First trimester anticonvulsant exposure was then categorized by the number of types of
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anticonvulsants dispensed to a woman in the estimated time of the tirst trimester or to

the father during the approximate time of spermatogenesis. The analysis then examined

the risks of specitic groups of congenital anomalies. in particular heart defects and clef!

lip and/or palate, bceause increased risk of these defects have of!en been associated with

anticonvulsant use in other studies.

(Similar analyses were done for women with tirst trimester anticonvulsant exposure and

for fathers with exposure during spermatogenesis, for both congenital anomalies and

selcetcd non-livebirth outcomes. For simplicity, the analysis methods are described here

for first trimester exposure and congenital anomaly risk only.)

The association between defcet risk and the number of types of anticonvulsants dispensed

in the first trimester was assesscd for linear trend in proportions using the chi-square test

for trend (Mantel extension) available in Epi Info (Dean et al.. 1990). A chi-square

statistic, on one degree offrecdom, testcd the hypothesis of constant relative risks against

the alternative hypothesis of a linear increase across the five categories of number of

types of anticonvulsants (i.e. none during the first trimester, one type during the tirst

trimester, two, three, and four). Births where neither parent had a history of

anticonvulsant use between 1976 and 1983 were uscd to create the referent category.

(This test will be referrcd to as the "Iinear trend test".) This linear trend test assumcd

a constant interval between adjacent anticonvulsant-use categories; thus each successive

anticonvulsant category was representcd by an integer from one to five. Results must

be interpretcd cautiously when there are few observcd cases and if the distribution by

number of types of anticonvulsants is skewcd.

Antieonvulsant exposure was then examincd more closely by caleulating RR's and 95%

crs associatcd with individual antieonvulsants and specifie antieonvulsant combinations.

The problems inherent in evaluating a small number of exposcd pregnancies and rare

OUlComes Iimitcd the statisticaJ analysis of these more finely categorized data.
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Regression analvsis

A more retincd analysis was carricd out using logistic regression (Rothman, 1986) to

simull<tneously control for the potential confounders age and parity and to evaluate

potcntial risk factors such as number and type of anticonvulsants used. The modelling

was donc using the logistic regression module in EGRET (Mauritsen, 1988). The

logistic modcl was built with the occurrence of a congenital malformation case as a

dichotomous dependent variable.

Variables describing the total number of anticonvulsant prescriptions received between

1977 and 1983, the total number of types of anticonvulsants a woman had ever been

dispensed and a phenobarbital only flag were entered as categorical variables as proxies

for epilepsy. A term was entered for each anticonvulsant indicating whether there was

probable tirst trimester exposure. A term was also entered indicating the :::.:mber of

types of anticonvulsants a woman was exposed to in the first trimester.

The potential confounders and potential risk factors were evaluated in the model and

those not associated with risk of congenital malformation were eliminated. The final

model allowed estimation of the odds ratio associated with specific anticonvulsants while

simultaneously taking into account other factors affecting risk. Interaction terms were

added to the model to evaluate interactions between terms.

4.7 Confidentiality and data analysis restrictions

To insure confidentiality the SPDP insisted on maintaining ail original individual data

within the Saskatchewan Health computer facilities. Only multi-way cross-tabulated data

were available for analysis. These detailed cross-tabulations were received in machine

readable form from Saskatchewan and many cells could be reconstructed into individual

.-ecords with ail categorical variables for analysis. (Data on diagnosis from the individual
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records in the validation study were used to assist In spccifying and validating the

anomalies reported among anticonvulsant users. but this "'as "nly a f"rtuit"us offsho..'t

of the validation study.) Although this made an analysis JX'ssihle. it did not allo",

detailed examination of individual data before categoriz.·uion. For example. once a

satisfactory dose algorithm had been developcd one could not go h'lck and explore the

possible effects on outcome of changing the algorithm without going baek to

Saskatchewan Health and requesting a whole new cross-tabulation and then totally

reprocessing the resulting data back into a dataset.
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CIIAPTER 5. RESULTS OF THE SASKATCHEWAN STUDY

5.1 Creation of the reproductive outcomes-prescription drug database

Figures 5.1.1 and 5.1.2 summarise the results at each step of the record linkage process

used to create the reproductive outcomes-prescription drug database and to initiate the

anticonvulsant study.

From the 1.4 million SHS? hospital discharge abstracts scanned, the following records

werc sclected: 16,210 non-livebirth pregnancy outcomes; 42,208 admissions for

prcgnancy complications; 119,080 deliveries; 119,984 births; 33,890 chi1dhood

separations under age live; and 590 deaths under age live.

Table 5. 1.1 compares 1ivebirth ...nd stilIbirth counts reported in Statistics Canada's annual

reports on births and deaths (1977-1984) with those extracted from the SilS? files.

Livebirth counts are comparable between the two sources but before 1981 there is a

shortfall of stillbirths in the SHS? dataset.

Figure 5.1.2 details the consolidation of the selected hospitai records. A match was

found with a newbom record for 19,927 of the childhood separations (59%), and 398 of

the deaths to age live (67%). Matching rates in this range were expected beeause many

of the deaths and separations between 1977 and 1980 were from the birth cohort of April

l, 1973 - March 31, 1977 for which no newbom record was extracted.

Newbom records could be matched to a mother's record with a delivery code for

110,621 newboms (92.2%), and to a mother's record with a pregnancy complication

code in a further 3,844 newboms (3.2%). Thus, newboms were suecessfully matched

to mothers for 114,465 of 119,984 newboms (95.4%). Analysis of the still unmatched

newboms, by hospital location, sex, primary rCD-9 and secondary rCD-9 code showed

no substantial variations by year of birth. Approximately 75 newboms each year «

128



•

•

0.5 % of livebinhs) were not exp•.:cted to match bL'Callse of adoptÎl>n shonly atkr birth

in which case SHSP changes the infant's RBN to prcvent the child and natural nlOther

l'rom being linkable. Ofticials at SHSP were llnable to pnwide an explanation t,>r the

remaining unmatched binhs. They may have resulted l'rom a varicty of llncommon

occurrences such as incorrect sJX'Citïcation of the mother's or infant's insurance nllmber

or the miscoding of or failure to include a delivery code on the mother's admission

separation summary.

Table 5.1.2 presents pregnancy outcomes among the women covercd by the dmg plan

as weil as 3,328 congenital malformations in their offspring ascenained l'rom newbom

and/or childhood hospital separations to age one.

The scan of the Health Insurance Registration File indicated that the RBN's of 12,034

of the mothers (9.3%) had changed during the one-year period prior to the date of the

pregnancy outcome. More than one pregnancy outcome was recorded for the same RBN

during the study period for 42,589 women (32.6% of the outcomes and 48.3% of the

women). F1ags were set to indicate a change in RBN and to indicate a repeat pregnancy.

From a scan of data on over 32 million prescriptions filled between January of 1976 and

December of 1983, records for 7.1 million prescriptions dispensed to reproductive age

women were se1ected.

When the SHSP and SPDP data were merged, 299,153 prescriptions were located which

had been dispensed to women in the one-year window prior to the delivery date or end

of pregnancy. At this point, 9,931 binhs and 1,512 non-livebinh outcomes of native

women, identified by a RBN starting with "R," were removed from the merged file as

these women are not covered by the SPDP. Twin and triplet pregnancies resulted in

1,251 binhs and these binhs were alse removed as they present special problems in

statistical analysis which are not justified given their small numbers in this population.
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No pr~scriptions wer~ locatcd in the ycar preccding the pregnancy outcome for 32.199

(29.1 %) of the women covercd by the drug plan. 21.0 percent had been dispensed one

pr~scription. 15.4 percent two, 10.7 percent three, and 23.8 percent four or more

prescriptions (sec Table 5.1.3). On average, every woman was dispensed 2.5

pn:scriptions in the one-ycar period prior to delivery. Among those women receiving

prescriptions, the average was 3.4.
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Table 5.1.1

Comparison of Saskatchewan vital statistics livebilth and stillbirth COllIns Wllil

Saskatchewan Hospital Services Plan (SHSP) records extracted and matcheL1

L1VEBIRTHS STILLBIRTHS
Calendar

~._--_.. _--_ ..

or Fiscal Vital SHSP Delivery- Vital Statistics SHSP
Year· Statistics Records Newborn 20+ 28+ Records

Extracted Matches· • (%) weeks weeks Ext,actcd

77 16,547 16,871 13,628 163 126 0
78 16,550 16,339 16,376 100.2% 139 104 1
79 16,944 16,470 16,166 98.2% 142 110 52
80 17,057 16,979 16,025 94.4% 133 95 95
81 17,209 17,682 16,119 91.2% 136 103 136
82 17,722 17,887 16,835 94.1% 139 103 130

83 17,847 17,756 16,869 95.0% 126 98 139
84...... 18,014 2,447 128 87 16

Total 137,890 119,984 114,465 95.4% 1,106 826 569

• SHSP Records Extracted counts are by fiscal years (e.g., 77 = April 1, 1977 to
March 31, 1978); other counts by calendar year
number of newborn records where a mother's delivery record could be matched
to a newborn record using the first six digits of SHSP number and birth date

••• SHSP counts for 1984 include data for the time period January 1-March 31



• Table 5.'.2

Pregnancy outCùmes in the Saskatc~,ewan Hospital Services Plan linked dataset 1977-1984
arroong wornen covered by the Saskatchewan Prescription Drug Plan

•

Outccme

Total Singleton LivebirtM
Mulriple Births
S:illbirths
Ectopic Pregnancy
Induced Abortion
Spontaneous Abortion

CONGENITAL ANOMALIES
AnencephalL!s and similar anomalies
Spina bifida
Other congenital anomaFes of nervous system
Congenital anomalies of eye
Congenital anomalies of ear, face, and neck
Bulbus cordis & cardiac septal closure anomalies
Other congenital anomalies of heart
Other congenital anomalies of circulatory system
Congenital anomalies of respiratory system
Clelt palate and cleft lip
Other congenital anomalies of upper alimentary tract
Other c')~g";;;;dlanomalies of digestive system
Con~enital anomalies of genital organs
Cons/enital anomalies of urinary system
CE'!'<ain congenital musculoskeletal deformities
Other congenital anomalies of limbs
Other congenital musculoskeletal anomalies
Congenital anomalies of the integument
Chromosomal anomalies
Other and unspe:::ified congenital anomalies

Total Congenital Anomalies

ICD-9
Code

656.4
633
635
634

740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759

740-759

Number

103,283
1,251

527
1,176

10,154
2,841

11
58
96
49
66

223
284
173
105
190
237
158
373

66
503
266
157
77

114
122

3.328

Rate per
10,000

Livebirths

51.0
113.9
983.1
275.1

1.1
5.6
9.3
4.7
6.4

21.6
27.5
16.8
10.2
18.4
22.9
15.3
36.1

6.4
48.7
25.8
15.2
7.5

11.0
11.8

322.2
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Table 5.1.3

Number of prescriptions dispensed to women covered by the Saskatchewan Prescription
Drug Plan 1977-1984 in the year preceding the pregnancy outcome, by year

Pregnancy Number of prescriptions per woman
outcome year

0 1 2 3 4+ Ali

1977 24.4% 20.1% 15.3% 11.4% 28.8% 100~'"

1978 27.4% 20.8% 15.2% 11.2% 25.4% 1OooA)

1979 28.6% 20.7% 15.3~'" 11.2% 24.1% 100%
1980 29.9% 21.0% 15.7% 10.9% 22.5% 100%
1981 30.3% 21.1% 15.4% 10.3% 22.80/0 100%
1982 31.1% 21.7% 15.3% 9.8% 22.0% 100%
1983 30.0% 21.6% 15.8% 10.3% 22.3% 1OOO;b

1984 34.0% 20.1% 15.3% 9.9% 20.7% 1000/0

Total 29.1% 21.0% 15.4% 10.7% 23.8% 1DQo/a

•
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5.2 Evaluation of reproductive outcome asccrtainment and coding

Birth d<:f<:ct birth prevalenccs for the 20 threc-digit categories in the congenital anomalies

chapter of the ICD-9 are presentcd in Table 5.2.1 for Saskatchewan, British Columbia,

Alberta, Manitoba and Ontario. In Table 5.2.2, perccntage differences in birth defect

birth prevalenccs between Saskatchewan and each of the other provinces are presentcd.

Substantial delïcits in the Saskatchewan birth prevalence in many 3-digit categories are

apparent in comparison to BC, Manitoba and Ontario. In Alberta the picture is more

mixed.

Manitoba and Ontario data should provide the most appropriate comparison group for

Saskatchewan as they are both based on similar data sources, Le. an automatcd search

of hospitalization admission/discharge records during infancy. Alberta's system depends

on hospitals notifying the central registry of defects observcd. When hospitals were

required to notify a central registry in Ontario between 1973 and 1977, much lower birth

prevalences were recorded there (sec Appendix B). The one immediately apparent

di fference between Saskatchewan and the provinces of Ontario and Manitoba is that the

SHSP admission-separation summary record provides for the coding of only two

diagnostic codes, while the HMRI form used in Ontario provides space for up to 15

diagnostic codes and the Manitoba form has provision for 16.

The results of the validation study to determine the quality of ICO coding and data entry

of congenital anomalies from written descriptions on SHSP admission-separation

summary abstracts are summarizcd in Appendix C. In 210 of the 234 records examined

(90.5%), the anomalies recorded were identical between the SHSP computer file and the

blinded recode performed From the microfiche copy of admission-separation record. In

22 records (9%) the anomalies were recoded differently. In 14 of these records the

dif~::rence was only at the fourth digit of the code, in eight of the records the codes did

not agrec at the threc-digit Ievel. As weil, 17 additional defect codes were observed on

the microfiche which had not made it to the machine readable summary, inc\uding 12
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that were differcnt at the thrcc-digit Ievcl from the reported ,-<xle(s) .
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Table 5.2.1

Birth defect birlh prevalences • (1 year follow-up) in Saskatchewan Hospital Services Plan
linked dalaset and other provincial monitoring systems

Rate per 10.000 Live Blrll1s
ICO-9 British

Oulcome Code Number Saskatchewan Columbia Alberta Manitoba OntallO
77-84 78-84 80-84 78-84 78-8·1

Total Live Births 103,283 103.283 269,277 217,083 116.739 877.317

CONGENITAL MALFORMATIONS (case counts)
Anencephalus and similar anomalies 740 11 1.1 4.7 3.2 4.4 50
Spina bifida 741 58 5.6 7.3 4.6 8.0 9.6
Other congenital anomalies of nervous system 742 96 9.3 20.2 12.9 17.0 24.0
Congenital anomalies of eye 743 49 4.7 9.5 4.4 10.1 73
Congenital anomalies of ear, face, and neck 744 6d 6.4 15.8 21.4 15.6 131
Bulbus cordis & cardiac septal closure anomalies 745 223 21.6 49.4 35.0 35.8 38.2
Olher congenital anomalies of heart 746 284 27.5 51.7 19.0 32.4 30.7
Other congenital anomalies of circulatory syslem 747 173 16.8 29.0 20.7 20.6 29.2
Congenital anomalies of respiratory system 748 105 10.2 12.1 7.2 10.3 11.4
Clell palate and clelllip 749 190 18.4 21.8 16.4 20.1 17.9
Olher congenital anomalies of upper alimentary tract 750 237 22.9 34.6 12.0 28.5 42.3
Olher congenital anomalies of digestive system 751 158 15.3 20.2 10.1 19.6 16.0
Congenital anomalies of genital organs 752 373 36.1 48.3 24.0 36.9 37.1
Congenital anomalies of urinary system 753 66 6.4 18.5 10.6 15.8 13.6
Certain congenital musculoskelelal delormities 754 503 48.7 144.5 72.2 157.1 94.3
Olher congenital anomalies 01 Iimbs 755 266 25.8 62.8 36.3 66.2 47.2

Olher congenital musculoskeletal anomalies 756 157 15.2 32.9 17.7 27.5 32.1
Congenital anomalies of the inlegument 757 77 7.5 10.7 7.9 8.4 4.5
Chromosomal anomalies 758 114 11.0 17.2 12.8 13.0 17.6
Other and unspecified congenital anomalies 759 122 11.8 18.6 7.6 17.5 16.6

Total Congenital Malformations 740-759 3,328 322 630 356 565 508

• trivial anomalies such as skin lags and tongue tie removed
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Table 5.2.2

Percentage differences in birth defect birth prevalences' (1 year follow-up) in the Saskatchewan Prescription Drug-
Hospital Services Plan Iinked dataset compared 10 other provincial monitoring systems

Saskatchewan rates relative to other province~~_
Outcome ICD-9 British

Code Number Columbia Alberta Manitoba Ontario
78-84 80-84 78-84 78-84

Total Live Births 103,283 269,277 217,083 116,739 877,317

CONGENITAL MALFORMATIONS (case counts)
Anencephalus and similar anomalies 740 11 -77% -66% -76% -79%
Spina bifida 741 58 -23% 22% -30% -41%
Olher congenital anomalies of nervous ;ystem 742 96 -54% -28% -45% -61%
Congenital anomalies of eye 743 49 -50% 8% -53% -35%
Congenital anomalies of ear, face, and neck 744 66 -60% -70% -59% -51%

Bulbus cordis & cardlac septal closure anomalies 745 223 -56% -38% -401J/o -44%
Other congenital anomalies of heart 746 284 -47% 45% -15% -10%
Other congenital anomalies of circulatory system 747 173 -42% -19% -19~/o -43%

Congenital anomalies of respiratory system 748 105 -16% 41% -1% -11%

Clelt palate and cleft lip 749 190 -15% 12% -9% 3%

Other congenital anomalies of upper alimentary tract 750 237 -34% 92% -20% -46'J/o
Other congenital anomalies of digestive system 751 158 -24% 52% -22(;,/0 -4%
Congenital anomalies of genital organs ï52 373 -25% 50% _2 IJ/o -31j/o

Congenital anomalies of urinary system 753 66 -65% -40% -GOIJ/(i -53t:/o

Certain congenital musculoskelelal deformities 754 503 -66% -33% -69c/(i -48%
Other congenital anomalies of limbs 755 266 -59% -29% -61 (,/0 -45'-/0

Other congenital musculoskelelal anomalies 756 157 -54% -14% -45% -53':i/o

Congenital anomalies of the integument 757 77 -301J/~ -Sqt -11 oh 66°1.,

Chromosomal anomalies 758 114 -361jk -13Q'o -151j,~ -37'::h

Other and unspecified congenital anomalies 759 122 -36% 55~'c. -32',', -29/j/o

Total Congenital Malformations 740-759 3.328 -49°,'0 -gq'o -43':/:- -37':,':,

• e.g. repolted anencephaly bilth prevalence 77% 10l'ler in Saskatchewan Ihan in British Columbia
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5.3 Initiation of epilepsy-birth defects study

ln the scan of the SPDP files, data on ail 487,142 prescriptions for anticonvulsant drugs

(dispcnsed to women, men or children) were also extracted. When these anticonvulsant

prescriptions were consolidated by RBN, 38,426 individual RBN's were identified. For

19.307 of these RBN's (50.2%), the only anticonvulsant dispensed had been

phenobarbital. Using these data, 3,336 pregnancies were identified where the mother had

received a prescription for an anticonvulsant at sorne time during the eight-year study

pcriod (sec Table 5.3.1).

ln 973 of these pregnancies the history incIuded exposure to an anticonvulsant other than

phenobarbital. A further 1,412 pregnancies were f1agged where the father had becn

dispcnsed at lcast one anticonvulsant during the study period. The anticonvulsant history

was not restricted to phenobarbital in 970 of these pregnancies. In 58 of the prc:gnancies

both the mother and the father had a history of anticonvulsant exposure. These

pregnancies are reported throughout the analysis with the mothers only. The small

numbers make it impracticaI to evaluate this group separately and the literature suggests

that the mother's anticonvulsant therapy is more Iikely to alter risk than that of the father

(Janz, 1982).
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Table 5.3.1

Hospital recorded pregnancy outcomes 1977-1984 for parents with any exposure to anticonvulsanls 1976-1983

•

Prescription history
includes anticonvulsanls
other lhan phenobarbital'

Anticonvulsant hislory
includes
phenobarbital only Tolal

Mothers
Not Livebirth 166 299 465
Livebirtll 807 2,064 2,871

Total 973 2,363 3,336

Falhers
NOl Livebirth 119 62 181
Livebirth 851 380 1,231

Total 970 442 1,412

phenobarbital may or may not also be present
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5.4 ":~timated anticonvul'klnt exposure during pregnancy

Tables 5.4.1 through 5.4.5 further characterize the pregnancy outcomes of parents who

had at lcast one prescription filled for an anticonvulsant between 1976 and 1983. As

noted in the methods section, several sets of criteria were developed to assess a woman's

use of an anticonvulsant during the first trimester. The different criteria yielded quite

similar counts. The tinal criteria chosen yiclded 359+276=635 pregnancies (522

livebirths. 106 non-livebirth pregnancy outcomes) where the woman was categorized as

likcly to have becn taking an anticonvulsant during the first trimester of pregnancy. (Sec

Table 5.4.1.) Among those women whose 1976-1983 anticonvulsant history had becn

restricted to phenobarbital, less than 12 percent of the pregnancies met the criteria to be

considered exposed during the first trimester, while among those with anticonvulsant

histories not restricted to phenobarbital, 37% were labelled as exposed during the first

trimester.

For 269+52=321 pregnancies, the father was likely to have becn taking an

anticonvulsant during the estimated period of spermatogenesis. For those fathers with

a history limited to phenobarbital, there were 52 p~egnancies recorded (11.8%) where

it was likely that an anticonvulsant had becn taken during the period of spermatogenesis;

for fathers with a history of other anticonvulsants dispensed, in 269 (27.7%) of the

recorded pregnancies anticonvulsant use was probable during spermatogenesis.

ln Table 5.4.2 the anticonvulsant exposure history is further categorized by the total

number of recorded anticonvulsant prescriptions dispensed betwecn 1976 and 1983 and

the number of types of anticonvulsants an individual had received. In this table

pregnancies are categorized as exposed if it was likely that anticonvulsant exposure

occurred during any part of pregnancy for women or during spermatogenesis for men.

Women with more anticonvulsant prescriptions and with non-phenobarbital anticonvulsant

prescriptions were more likely to be exposed during pregnancy. More than two-thirds

of the pregnancies among women with more than 10 prescriptions were labelled as
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exposed during pregnancy. For those women with two or mon: types of anticonvlIlsant

prescription. 254 (78%) were labelled as exposed dllring pregnancy: with one tYI"\<: other

than phenobarbital 40 (66%): and for phenobarbital only 54 (72 %). Among women with

four to ten anticonvulsant prescriptions. 69 (26%) were labelled ;\s expl)sed dllring

pregnancy. while for those with three or fewer prescriptions. Il % or Iess were

categorized as exposed. The pattern for exposed fathers was similar. Among women.

the most common anticonvulsant history was one prescription for phenobarbital.

Although only 8.4 percent were exposed during pregnancy. this accounted for 148

exposures during pregnancy.

Table 5.4.3 presents number of pregnancies where there is a high probability that the

parent is epileptic based on the anticonvulsant history. Where the mother's history is not

restricted to phenobarbital, there are 328 (91 %) of the exposed pregnancies where there

is a high probability that the mother is epileptic. Where phenobarbital is the only

anticonvulsant, more than 10 prescriptions were dispensed for 85 (30%) of the women

assessed as exposed in pregnancy. The pattern is again similar for fathers.

Ail hospitai recorded pregnancies between January 1977 and March 31, 1984 in

Saskatchewan were eligible for the study and therefore one woman could have more than

one recorded pregnancy outcome in the study. Table 5.4.4 categorises the pregnancies

among the parents with an anticonvulsant history during the study. About two-thirds of

the pregnancies outcomes in this group are the first to be recorded for the mother (undcr

her current RBN) during the study period.

Table 5.4.5 describes the age and parity distributions in the linked dataset. Thcrc are

no substantial differences in age or parity distribution between the womcn without a

history of anticonvulsant use between 1976 and 1983, those with a history but no first

trimester exposure and those assessed to be exposed to anticonvulsants during the first

trimester.
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To summaris<: this s<:ri<:s of tables:

1) Wom<:n were assesscd to be likcly to be taking (i.e. likely to be "exposed to")

anticonvulsants in the first trimester of pregnancy (bascd on the dispensing pattern)

in 359 (37 %) of the pregnancies where the women had a history of anùconvulsant

use which includcd anticonvulsants other than phenobarbital and in 276 (12 %) of

pregnancies where only a phenobarbital history existed.

2) 70 % of the women exposed during any part of pregnancy received more than

10 anticonvulsant prescriptions between 1976 and 1983.

3) the prescription histories suggested epilepsy in 91 % of the women exposed

during the first trimester and with a history including anticonvulsants other than

phenobarbital.

4) two-thirds of the pregnancies among the exposed women were the tirst to be

recordcd through hospitalization in the sludy period.

5) the distribution of mother's age and parity was similar for the exposed women,

thosc with a history of anticonvulsant but not exposed, and those women with no

antieonvulsant prescriptions recorded.

It also became apparent that the large number of women with sorne anticonvulsant

prescription history between 1976 and 1983 but no tirst trimester exposure formed an

extremely heterogeneous group regarding anticonvulsant history and !hat it would be

difficult to preclict epilepsy status from this history alone. The unexposed women were

put in a separate group for ana\ysis but no further attempt was made to separate out

which were epileptic.
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Table 5.4.1

Hospital recorded pregnanc\' outcomes in Saskatchewan 1977-1984 by exposure 10 anliconvulsanls
in 1st trimesler or spermatogenesis period for parenls l'Iilh any anliconvulsant exposure 1976-1983

•

Prescription hislory
includes anticonvulsanls
olher Ihan phenobarbital'

Anticonvulsanl history
includes
phenobarbital only

Molhers

EXt)osed (%)' , Unexposed Exposed (%) Unexposed Total

Not Livebirth

Livebirth

Tolal

Falllers

Not Livebirlh

Livebirlh

Total

77 (46.4%)

282 (34.9%)

359 (36.9%)

33 (27.7%)

236 (27.7%)

269 (27.7%)

89

525

614

86

615

701

36 (12.0%)

240 (11.6%)

276 (11.7%)

11 (17.7%)

41 (10.8%)

52 (11.8%)

263

1824

2087

51

339

390

465

2871

3336

1BI

1231

1412

phenobarbital may or may not also be present
percents indicate percent exposed for an outcome. within a phenobarbital category
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Taille 5.4.2

Anticonvulsanl exposure hislory and exposure during pregnancy Hl Saskatchel'lan 1976-1983

Anticonvulsam Mothe(s Fathe(s
prescription anticonvulsant exposure exposure durlllg
hislOry 1976-1983 during any pari 01 pregnancy __sperrna!()ge:lesis l'IH](lol'1

Not Not
Total Ax Types Exposed (%) Exposed Tolal Exposed (%) Exposed Talai

11+ Ar 2 or more 254 ( 77. 7%) 73 327 190 ( 77.2%) 56 246
11+ Ax . 1 Anliconvulsant 40 ( 65.6%) 21 61 34 ( 55.7%) 27 61
11+ Ax Phenollarbital 54 ( 72.0%) 21 75 24 ( 64.9%) 13 37

only

~-10 Ax 2 or more 18 ( 21.2%) 67 85 9 ( 12.9%) 61 70
4-10 Ax 1 Anliconvulsant 19 ( 27.5%) 50 69 14 ( 16.5%) 71 85
4-10 Ax Phenobarllital 32 ( 28.3%) 81 113 6 ( 20.7%) 23 29

only

2-3 Ax 20rrnorc 7 ( 10 1%) 6~ 039 2 ( 2.7%) 72 74
2-3 Ax 1 Anlic Jnvulsant 9 ( 11.4%) 70 79 6 ( 5.9%) 96 102
2-3 Ax Phenobarbital 43 ( 11.1'''0) 346 389 5 ( 8.6%) 53 58

onl,.

1 Ax 1 Anliconvulsant 15 ( 5.4%) 264 279 14 ( 4.1 %) 327 341
1 Ax Phenobarbital 148 ( 8.4%) 1605 ~753 17 ( 5.3%) 301 318

onll

Totals 639 ( 19.4%) 2660 3299 321 ( 22.6%) 1100 1421

•
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Table 5.4.3

Hospital recorded pregr·ancy oulcornes 1977-1984 by exposure to anliconvulsanls in 1st trirnester or sperrnatogenesis pmiot!
for parents with a high probability of having epilepsy based on anticonvulsanl exposure 1976-1ge3

•

Parents wilh
any anticonvulsant
history 1976-1983

Prescription hislory
includes anticonvulsants

__.c.0,,-Ih'-'.e,r than phenobarbital'
Firsl Irirnester

Exposed Unexposed

Anticonvulsant history
includes
phenobarbilal onl~.

First trirnester
Exposed Unexposed Total

Pregnancies where prescription
history suggesls mother
is Iikely to be epileptic

Not Livebirlh 63 (17.5%)
Livebirlh 265 (73.8%)

Total where 328 (91.4%)
epilepsy is likely

Total Pregnancies 359 (100.0%)

Pregnancies where prescription
history suggesls father
is likely to be epileptic

Not Livebirlh 31 (11.5q·,)

Livebirth 216 (80.3°:')

Tolal whero 247 (91.8'.,)
epilepsy is likely

Total Pregnancies 269 (100.0'< )

25 (4.1 %) 14 (5.1 %) 11 (0.5%) 113 (3.4%)

186 (30.3%) 71 (25.7%) 89 (4.3%) 611 (18.3''-0)

211 (34.4%) ,. 85 (30.8%) •• 100 (4.8%) •• 724 (21.7%)

614 (100.0%) 276 (100.0%) 2087 (100.0%) 3336 11000':")

25 (3.6q·, ) & (11.5%) 5 (1.3'::) 67 147'-::)

190 (27.1Q'o) 24 (46.2Q'o) 31 (7.9':,) 461 1326":'1

215 (307%) •• 30 (57.7Q'o) •• 36 (9.2'::) •• 528 1374',':)

701 (100.0'.', ) 52 (100.0,', ) 390 11000'::) 1412 1100 O'· "/

nhtln~llarbitalmal' or mal' not also be presenl
llt'rCl'nt of totall"egnancies in exposure category
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Table 5.4.4

Pregnancy outcome '1umber in sludy period by '.lxposure to anliconvulsanls
in Ihe 1st Irimesler or spermawgenesis period lor pregnancies 01 parents l'Iilll
anticùnvulsanl prescriplions 1~ 76-1983 including anliconvulsanls olher Ihan phellobarbllal

Livebirlhs El.posed' Unexposed Tolal

MOlhers
1si pregnancy
in study period' • 108 ( 66.6%) 387 ( 73.7%) 575 ( 71.3%)

Not 1st preg~ancy
in study period 94 ( 33.3%) 138 ( 26.3%) 232 ( 28.7%)

Total 282 (100.0%) 525 (100.0%) 807 (100.0%)

Fathers
1si pregnancy
in study period' , 147 ( 62.3%) 432 ( 70.2%) 579 ( 68.0%)

Not 1st pregnancy
in sludy period 89 ( 37.7%) 183 ( 29.8%) 272 ( 32.0%)

Total 236 (100.0%) 615 (100.0%) 851 (100.0%)-phenobarbital may or may not also be present
,. the pregnancy is the firsllo be recorded during Ihe study period

for a man or woman under this Regislered Benefit Numbe.

•
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Table 5.4.5

Age and parily distribuloons in Ihe Iinked Saskatchewan Health Services Plan dataset
by anliconvulsanl history and 'irst trimester exposure

•

No anticonvulsant
history 1976-1983

MOlher has sorne anticonvulsant prescription
history 1976-1983
1si Irirnester
anliconvulsant exposure

No 1st Irimester
anticonvulsant exposure

Age

Number (%) Nurnber (%) Number (%)

<20
20-24
25-29
30-34

35+

Total Pr egnancies

Parily

o
1

2
3+

Totallivebirths

13,359 (11.9%) 56 (8.8%) 240 (8.9'/0 )
38.557 (34.4%) 233 (36.7%) 1,059 (39.2'/0)
38.805 (34.6%) 226 (35.6%) 898 (33.2'/')
16.236 (14.5%) 91 (14.3%) 346 (12.8',,)

5,264 (4. 7Q,,) 29 (4.6% ) 158 (5.8'/'1

112.220 (100.0Q") 635 (100.0'/0) 2.701 (100.0'/:1

41.876 (41.2%) 202 (38.7%) ï62 (32.4'/:)

30,496 (30.7%) 167 (32.0%) 817 (34.7'/,)

15,879 (16.0%) 86 (16.5%) 445 (18.9'/0)

10930 (12.0%) 68 (12.8%) 325 (13.9'/')

99.181 (100.0Q'o) 523 (100.0%) 2,349 (100.0'/0)
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5.5 AnliconvlIlsant exposurc and congenital anomaly risk

ln Tab".: 5.5.1, the risks of congenital anomalies are presented for mothers and fathers

with any history of anticC'nvulsant use according to whether they had been categorised

as cxposcd or not exposed during the first trimester for mothers or spermatogenesis

pcriod for fathers. Throughout the analysis, pregnancies of parents with no record of an

anticonvulsant prescription being dispcnsed between 1976 and 1983 (under the RBN at

the time of the pregnancy outcome) are used as the referent group. Offspring of fathers

cxposed to anticonvulsants during the spermatogenesis period showed no significant

ditTerence in risk l'rom offspring of parents who had no recorded history of

anticonvulsant exposure (RR 0.86, 95% CI 0.35-1.78). Women not exposed to

anticonvulsants during the first trimester but with sorne recorded anticonvulsant exposure

had a risk close to one (RR 1.09,95% CI 0.86-1.37). Offspring of mothers exposed to

anticonvulsants during the first trimester experienced a sIightly elevated but not

statistically significant increase in risk (RR 1.24, 95% CI 0.75-1.94).

In Table 5.5.2, the risk of congenital anomalies is categorized by the number of types

of anticonvulsants the parent was using during the window of interest. The

anticonvulsants were prescribed in monotherapy among 378 (72 %) of pregnancies ending

in livebirth, as two-drug therapy in 118 livebirths, as three-drug therapy for 23 livebirths

and as four-drug therapy for two livebirths. Among exposed women the congenital

anomaly risk with one anticonvulsant was 1. 18, with IWO type5 of anticonvulsants 0.87,

and with three 4.10, although the last estimate is based on only 3 anomaly cases among

25 livebirths. A test for linear trend in proportions for the gradien'. of RR over the

number of types of anticonvulsants used during the first trimester was not significant

(Chi-square .909, P =.34). Among exposed fathers there were ollly 7 exposed cases,

r.:sulting in very wide confidence intervals and no strong pattern of risk was evident.

Table 5.5.2 aise presents the risks of heart anomalies and c1eft Iip and/or c1eft palate.

The small number of cases, due to the low prevalence of these conditions and the sizc
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of the exposed population. limits interpretation. Five infants with he.,rt anomalies \\'L're

observed among the women treated with one anticonvulsant during the tirst trimester (RR

2.70. 95 % CI 0.87-6.34). A heart anomaly and a facial clef! in different infants were

observed among the 25 livebirths where the woman had bcen exposed to three

anticonvulsants in the tirst trimester. resulting in high unstable risk estimates for both

conditions. No heart anomalies or facial c1efts were scen among the livebirths of I:uhers

exposed to anticonvulsants.

The specific anticonvulsants to which women were exposed during the tirst trimester of

pregnancies that ended in livebirths are presented in Table 5.5.3. More than hall' of the

anticonvulsant exposures (394 of 695) were to phenobarbital. one-quarter (178) were to

phenytoin, while the other six prescribed anticonvulsants accounted together for less than

a fil'th of exposures. Among exposed men, phenytoin was the anticonvulsant used most

often accounting for 191 (45%) of the 429 exposures, followed by phenobarbital which

accounted for 156 (36%) of the exposures (see Table 5.5.4). Other anticonvulsants

accounted for only 82 exposures and, as was the case for the women, accounted for less

than 20 % of the total exposures.

Four of the anticonvulsants were associated with increased anomaly risk among exposed

women. The risk associated with phenytoin was 1.92 (95% CI 0.92-3.54). Primidone

had an elevated RR of 4.46 (95% CI, 0.92-13.05). Other anticonvulsants had elevated

risks but the outcomes were based on only one case. Phenytoin and primidone were

associated with high heart anomaly risks and high facial c1eft risks, but only the

phenytoin heart anomaly risk was based on more than one case. Among the offspring

of men with exposure to anticonvulsants during the spermatogenesis period, none of the

anticonvulsants were associated with significantly elevated risks, and no heart anomalies

or cleft Hp and/or palates were observed. (Sec Table 5.5.4.)

Because the antieonvulsanl~ were often used in combination and the risk was related to

the number of anticonvulsants used, the risks for each anticonvulsant are further
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catcgoriz<:d in Table S.S.S by whether the anticonvulsant was uscd alone or in

combination with one or more other anticonvulsants. Phenobarbital was uscd alone in

269 expos<:d women, phenobarbital plus phenytoin was the most common two-drug

therapy, and the combination of phenobarbital, phenytoin and carbamazepine accountcd

for the majority of three-drug therapies.

ln Table S.5.6, a complete list of combinations of anticonvu1sants and livebirth, non

livebirth ".nd congenital malformation counts is presentcd for \Vomer. on anticonvulsants

during the first trimester. Most specifie combinations were uscd so rarely that little

evaluation of risk is possible and therefore confidence intervals are not presentcd. If an

anomaly is obser~cd the risk is very high, otherwise the estimatcd risk is zero. The most

striking risk is that for the combination of phenobarbital, phenytoin and primidone.

Among the four livebirths whose mothers were exposed to this combination, two of the

offspring had congenital anomalies - one heart anomaly and one facial cleft. Table 5.5.7

lists the specifie anomalies repor,cd and the specifie first trimester anticonvulsant

therapies.
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Table 5.5.1

Congenital anomaly risk in Saskatchewan 1977-1984 by anliconvulsant exposure during the
1st lrimester of pregnancy or spermatogenesis period

•

Congenital anomaly casesParent's
anliconvulsant
prescription history
1976-1983

1st trimesler or
spermatogenic
exposure

Number or
livebirths

Number of
cases

Rate per
1,000

livebirlhs
Relative
risk (95% CI)

954 29
277 7

2,349 75
523 19

31.9 1.09 (0.86-1.37)
36.3 1.24 (0.75-1.94)

30.4 1.04 (0.70-1.50)
25.3 0.86 (0.35-1.78)

None

Mothers
No
Yes

Fathers
No
Yes-

99.181 2,900 29.2 1.00



•
Table 5.5.2

•

Selected congenital ~nomalies risks in Saskatchewan 1977-1984 by the number of typ(:~ of anticonvulsants used in the 1sttrimester or sperrnatogenesls pellod

Parenl's Number of Iypes liveblrlhs Congenilal Anomaly Cas~s Congenilal heart defeet cases Clef! lip/palale cases
---------- -

anticonvulsant 01 anliconvulsanls- (LB)

preS':',p:lon hlslory Istlrlmesler or Rate RaIe Raie
1976-1983 spermatogenesls No. No. /1000 LB RR 95 0Al CI No. /1000 LB RR 95%CI No. /1000 LB RR 95 % CI

None 0 99,181 2,900 29.2 1.00 (0.96-1.04) 486 4.9 1.00 (0.91-1.09) 182 1.~ 1.00 (0.86-1.16)

Mother 0 2,349 75 31.9 1.09 (0.86-1.37) 15 6.4 1.3(, (0.72-2.17) 6 2.6 1.39 (0.50-3.09)

1 378 13 34.4 1.18 (0.63-2.01) 5 13.2 2.70 (0.87-6.34) 0 0.0 0.00 (0.00-5.37)

2 118 3 25.4 0.87 (0.17-2.49) 0 0.0 0.00 (0.00-6.40) a 0.0 0.00 (0.00-17.21)

3 25 3 120.0 4.10 (0.85-12.01) 1 40.0 8.16 (0.21-45.70) 1 40.0 21.80 (0.55-122.99)

4 2 0 0.0 0.00 --- a 0.0 0.00 --- 0 0.0 0.00..
Falher 0 954 29 30.4 1.04 (0.70-1.49) 3 3.1 0.64 (0.13-1.89) 1 1.0 0.57 (ù.01-3.22)

1 144 4 27.8 0.95 (0.26-2.44) 0 0.0 0.00 (0.00-5.25) 0 0.0 0.00 (0.00-14.10)

2 112 2 17.9 0.61 (0.07-2.21) 0 0.0 0.00 (0.00-6.75) 0 0.0 0.00 (0.00-18.13)

3 21 1 47.6 1.63 (0.04-9.08) 0 0.0 0.00 (0.00-35.98) 0 0.:- 0.00 (0.00-96.70)

.
Test for linear trend in proportions across number of types of anticon'lUlsants for mothers. Chi-square = 1.994, P = 0.153.

•• Test for linear trend in proportions across Ilumber of types of allticor.vulsants for r,lothers. Chi-square = 4.89t;, P = 0.027.

• • • Test for linear trend ln proportions across Ilumber of types of anticonvulsallts for mothers. Chi-square = 1.185, P = 0.276.
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Table 5.5.3

Selected congenital anomalies risks ln Saskatchewan 1977-1984 by mother's tirsl trimesler anticonvulsant exposures

•
1st Trimester Llvebirths Congenital anomaly cases Hear! anomaly cases Clef! Iip/palate cases
anticonvulsants

Rate Rate Rate
No. No. 11000 LB" RR 95%CI No. 11000 LB RR 95%CI No. 11000 LB RR 95 % CI

No anllconvulsant 99,181 2,900 29.2 1.00 (0.97-1.03) 486 4.9 1.00 (0.91-1.09) 182 1.7 1.00 (0.06-1.16)
hlslory 1976-1983'

PHB" , 394 13 33.0 1.13 (0.60-1.93) 3 7.6 1.55 (0.32-4.57) 1 2.5 1.54 (0.03-7.81)
DPH 178 10 56.2 1.92 (0.92-3.54) 4 22.5 4.59 (1.24-11.82) 1 5.6 3.40 (0.09-16.72)
CBZ 66 0 0.0 0.00 (0.00-1.99l 0 0.0 0.00 (0.00-11.45) 0 0.0 0.00 (0.00-30.77)

PRM 23 3 130.4 4.46 (0.92-13.05) 1 43.5 8.87 (0.22-49.67) 1 43.5 26.35 (0.60-133.68)
SUX 18 0 0.0 0.00 (0.00-7.01) 0 0.0 0.00 (0.00-41.98) 0 0.0 0.00 (0.00-112.82)
VPA 12 1 83.3 2.85 (0.07-15.89) 0 0.0 0.00 (0.00-62.97) 0 0.0 0.00 (0.00-169.23)
TRM 3 1 333.3 11.40 --- 0 0.0 0.00 --- 0 0.0 0.00
CLN 1 0 0.0 0.00 --- 0 0.0 0.00 --- 0 0.0 0.00

, Referent group for ail relative risks is Iivebirths where parent' s prescription history 1976-1983 includes no anticonvulsants.
" LB - Iivebirths
'" PHB - Phenobarbital: DPH - Phenytoin: PRM - Primidone; VPA - Valproic acid;
CBZ - Carbamazepine; TRI - Trimethadione; SUX - Ethosuximide
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Table 5.5.4

Congenital anomalies risk in Saskatchewan 1977-1984 by father"s exposure to anticonvulsants during the spermatogenesis perlOd

1st Trimester Livebirths Total anomaly cases Hear! anomalies creil Ilp/palal~
anticonvulsants

Rate Rate Rate
No. No. 11000 LB" RR 95 % CI No. 11000 LB RR 95 % CI No. 11000 LB RR 950,0 CI

No anliconvulsanl 99,181 2,900 29.2 1.00 (0.97-1.03) 486 4.4 1.00 (0.91-1.09) 182 1.7 1.00 (0.86-1.16)
history 1976-1983'

PHB 156 4 25.6 0.88 (0.30-1.97) 0 0.0 0.00 (0.00-4.84) 0 0.0 0.00 (0.00-13.02)
DPH 191 6 31.4 1.07 (0.42-2.15) 0 0.0 0.00 (0.00-3.96) a 0.0 0.00 (0.00-10.63)
CBZ 39 a 0.0 0.00 (0.00-3.24) 0 0.0 0.00 (0.00-19.38) a 0.0 0.00 (0.00-52.07)
PRM 34 1 29.4 1.15 (0.03-5.61) 0 0.0 0.00 (0.00-22.23) a 0.0 0.00 (0.00-59.73)
SUX 2 a 0.0 0.00 (0.00-52.38) 0 0.0 0.00 --- 0 0.0 0.00
VPA 5 0 0.0 0.00 (0.00-20.45) a 0.0 0.00 --- a 0.0 0.00
CLN 2 0 0.0 0.00 (0.00-52.38) 0 0.0 0.00 --- 0 0.0 0.00

, Referent group for ail relative risks is Iivebirths where parent's prescription history 1976-1983 includes no anliconvulsants.
" LB = livebirths
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Table 5.5.5

Congenital anomalies risk in Saskatchewan 1977-1984 by mother's number of types or 1sttrimester anticonvulsant exposure

•

Monotherapy Two 3nticonvulsanls Tluee anticonvulsanls
1st Trimester (specilied anticonvulsant alone) (specilied anliconvulsant & 1 other) (specified anticonvulsant & 2,others)
anticonvulsant
exposure Rate Raie Rate

LB.... CA'" /1000 LB RR 95% CI LB CA /1000 LB RR 95%CI LB CA /1000 LB RR 95 % CI

No anliconvulsanl 99,181 2,900 29.2 1.00
history 1976-1983'

PHS ......... 269 7 26.0 0.89 (0.36-1.84) 100 3 30.0 1.03 (0.21-3.00) 23 3 130.4 4.47 (0.92-13.05)
DPH 61 5 82.0 2.81 (0.91-6.55) 93 2 21.5 0.74 (0.99-2.66) 22 3 131).4 4.67 (0.96-13.64)
CBZ 30 a 0.0 0.00 (0.00-4.21) 17 a 0.0 0.00 (0.00-7.43) 19 a 0.0 0.00 (0.00-6.64)
PRM 12 1 83.3 2.85 (0.07-15.89) 7 a 0.0 0.00 --- 4 2 500.0 17.12 (2.C 7-61.83)

SUX 2 a 0.0 0.00 --- 13 a 0.0 0.00 (0.00-9.71) 3 a 0.0 0.00
VPA 4 a 0.0 0.00 --- 5 0 0.0 0.00 --- 1 1 1000.0 0.00
TRI a a 0.0 0.00 --- 1 1 1000.0 0.00 --- 2 a 0.0 0.00
CLN a a 0.0 0.00 --- a a 0.0 0.00 --- 1 a 0.0 0.00

• Referent group for ail relative risks is livebirths where parenl's prescription hislory 1976-1983 includes no anliconvulsants.
•• LB =Iivebirths
••• CA =Congenital anomaly cases
•••• PHB - Phenobarbital: DPH - Phenytoin: CBZ - Carbamazepine; PRM - Primidone: SUX - Ethosuximide: VPA - Valproic acid: TRI - Trirnethadl'Jn8.

CLN -Clonazepam
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~.Ltrit:r·', ~'lj(:C"IC 1'-' :~ IfI1C';:llf <)lll:COf1vuls:tnl CXPOSUTt; and s..;!(:ctcd m3itorm3ticn ,isks

• :..1(JI: 1':1 . ~ CongC':nl:~1

; 1r\hr.o Il'JI l' ';; ln l':' Non CongC?nlt:-tl heart C12:t
IIUll/l!j llveblrth _~n0!T~~ly deleet ~Ip~p~~~e__-- --- -~- ------ -----_.- -
1~.t tr\fH(~st.:r L,Vp.b1rths outcornes RRo cases RR cases RR cases RR

~JIJ ~tll!ICl.l!WllIS~lIlt

111~;t(jry 1976-1983 99,181 13,039 l,a 2,900 1,0 486 1,0 182 l,a

Ar;Ill.:onVlllsant

:\l~;tory but no
antlconvulsant 2,349 352 1.1 75 1,1 15 1,3 6 1.4

l:xJlosure dUllng
1st tr lfllcstcr

PHB o. 269 41 1,1 7 0.9 2 1,5 a 0,0
DPH 61 13 1,5 5 2,8 3 10,0 a 0,0
CBZ 30 6 1.4 a 0,0 a 0,0 a 0,0
PF'M 12 ~ 2,5 1 2,9 0 0,0 a c,o
VPA 4 a 0,0 ~ 0,0 a 0,0 0 0,0v

SUX 2 3 5.2 a 0.0 a 0.0 a 0.0
ClN a 2 5.6 a 0.0 a c.o a 0.0

PHB.DPH 80 23 1.9 2 0.9 a 0.0 c 0.0
PHB.SUX la 4 2.5 a 0.0 a 0.0 a 0.0
PHB.CBZ 8 2 1.7 a 0.0 a 0.0 a 0.0
PHB.PRM 1 a 0.0 a 0.0 a 0.0 a 0,0
PHB.VPA 1 a 0.0 a 0.0 a 0.0 a 0.0
DPH.PRM 6 3 2.9 a 0.0 a 0.0 a 0.0
DPH.CBZ 4 3 3.7 a 0.0 a O.C a 0.0
DPt-i.VPA 1 1 4.3 a 0.0 a 0.0 a 0.0
DPH.TRI 1 a 0.0 1 34.2 a 0.0 a 0.0
DPH.SUX 1 a 0.0 a 0.0 a 0.0 c 0.0
CBZ.VPA 3 a 0.0 a 0.0 a 00 a 0.0
CBZ+PRM a 2 8.6 a 0.0 a 0.0 a 0.0
CBZ.SUX 2 a 0.0 a 0.0 a 0.0 a 0.0
CBZ.ClN a 2 8.6 a 0.0 a 0.0 a 0.0

PHB.DPH.CBZ 14 a 0.0 a 0.0 a 00 a 0.0
PHB.DPH.PRM 4 1 1.7 2 17.1 1 51.0 1 136.2
PHB.DPH.TRM 2 a 0.0 a 0.0 a 0.0 a 0.0
PHB.DPH.VPA 1 1 4.3 1 34.2 a 0.0 a 0.0
SUX.PHB.VPA 1 a 0.0 a 0.0 a 0.0 a 0.0
CBZ.DPH.PRM 2 a O.D a 0.0 a 0.0 a 0.0
CBZ.ClN.SUX 1 a 0.0 a 0.0 a C.O a 0.0
CBZ.PHB.PRM a 1 8.6 a a O.!! a 0.0

PHB.DPH.PRM.CBZ a 0.0 a 0.0 a 0.0 a 0.0
PHB.DPH.CBZ.SUX a 0.0 a 0.0 a 0.0 a 0.0

Exposed Totals 523 113 1.5 19 1.2 6 2.3 1 1.0

• R8 - Relative risk• O. PHB _ Phenobarbital: DPH - Phenyloin: PRM - Primidone: VPA - Valproie aeid: ClN - Clonazepam:
CBZ - C3rbamazepine: TRI - Tnmethadione: SUX - Ethosuximide



• Table 5.5.7

Congenital malformation cases amang the ollspring ot \Vornen exposcd 10 .J.nticon\'lllsanlS liUfIl'~l ptl'~IIl;\lWV

ùr \VIth recorded antlconvulsant cxposurc other th an to phcnol13.lbll:t1 betwccn 1976 ~ltl,1 1983 ln S;lSIl.;\ll·llt~\\';111

1st trimester
anticonvulsant

Year Sex exposure •• ICD-9 Codes Con~enital anomaly descriptions

77 F None 7454,7492 Vcnuicular septal dctcct. cll~lt IIp anL1 pa\atl\
77 M None 7505 Pyloric stenosis
77 M Nene 7505 Pyloric stcnosis
79 M None 7547,Death Other tect dctonnitics
80 M None 7543.7505 Ccngenital hip dislocation, pylar le stenoSIS
82 M None 7468.7566 Other heart anomalies. anomalies of the lhaptll a~ll1l

77 M PHS 7556 Other anomalies of the 100vcr 11mb
77 M PHS 7555 Other anomalies of the upper limb
78 F PHS 7546 Valgus deformities 01 leet
79 M PHS 7515 Other anomalies of the intestine
81 F PHS 7421 Microcephalus
81 F PHS 7451 Transposition of great vessels
82 F PHS 7410 Spina bilida with hydrocepl1alus

79 M DPH 7468 Other specified hean anomalies
81 F DPH 7469,7470.7471.éleath Coarctation of aorta. patent ductus artcriosus
82 M DPH 7454 Ventricular septal delect
83 M DPH 7423 Congenital hydrocephalus
83 M DPH 7505 Pyloric stenosis

81 F PRM 7597 Mulliple congenital malformations

78 M PHS+TRI 7526 Hypospadias or epispadias
80 M PHS+DPH 7505 Pyloric stenosis
80 M PHS+DPH 7512.7558,7569.7597 Atresia and stenosis of rectum, unspccified rnusculo-

skeletal. other specified anomalies 01 unspecificd limb.
multiple congenital anomalies

78 F PHS+DPH+PRM 7454 Ventricular septal defect. gastroenteritis
80 F PHS+DPH+PRM 7491 Cleft lip
83 M PHS+DPH+VPA 7550 Polydactly

• M=Male: F=Female
•• PHS - Phenobarbital: DPH - Phenyloin: PRM - Primidone: VPA - Valproic acid; CLN - Clonr,zcparn:
CSZ - Carbamazepine: TRI - Trimethadione: SUX - Ethosuximide

•
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5.6 Logistic regrcssion anal)'sis

Thc variahks listed in Table 5.6.1. were used to build a logistic mode] with the

occurrene<: of a congenital malformation as the dependent variable. Variables were

entercd describing the women's anticonvulsant histories as a proxy for epilepsy but none

of thcsc demonstraied explanatory value when tirst trimester drug exposure variables

were in the mode!. When the individual drugs were entered. trimethadione, primidone

and phenytoin cach improved the precision of the mode!. However. a model including

only the number of types of anticonvulsants provided a model of almost the same

precision. When the thrcc drugs and the number of types of anticonvulsants term were

entered into the modcl. collincarity between the variables reduced the predictive power

of cach term. When interactior. terms were added. the model titting procedure failed to

converge.
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Table 5.6.1

Variables used in the logistic regression analysis 01 1st tl imcswi
anticonvulsant therapy and congenital anomalies in Saskatcllcwan
1977-1984

LOGISTIC REGRESSION

DEPENDENT VARIABLE: Congenital Malformation Case (YIN)

INDEPENDENT VARIABLES:
- 1976-1983 anticonvulsant history: - phenobarbital only (YIN)

- # of types of anticonvulsant
- # of anticonvulsant Rx total

•

- first trimester exposure: - phenobarbital
- phenytoin
- carbamazepine
- trimethadione
- primidone
- valproate

- number of types of anticonvulsants
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5.7 ~()n-li"cbiJ1h prcgnancy outcornes

Th<: distribution of nO:l-livcbinh prcgnancy outcomes in Saskatchewan that involved

hcspital admission (data on outpati<:nts was not availablc) is prescnted in Table 5.7.1,

str.lti;ï<:d by th<: "nticonvulsant use history and first trimester or spermatogenesis period

anticonvulsant <:xposur<: status. Non-livebirth pregnancy outcomes accounted for 465

(13%) of the 3,336 pregnancy outcomes reponed for women with any history of

anticonvulsant use in the eight-year study period. Induced abonicn accouiltcd for about

10 percent of the total prcgnancy outcomes, spontaneous abortion three percent, ectopie

pregnancies one percent and stilIbirths under one percent. Induced abortions were

slightly more cornmon among anticonvulsant exposed than non-exposed \Vom<:· The

data are generally unremarkable except for the nr:mber of ectopic pregn..ndes amor,g the

women exposed to anticonvulsants other than phenobarbital. Although only based on 11

cases the estimated risk is three-fold higher t~,an that in each of the other exposure

groups.

Tables 5.7.2 through 5.7.7 present counts and risk estimates for the non-livebirth

outcomes combined and then eaeh separalely, stratified by mothers' and fathers' history

cf antieonvulsant exposure 1976-1983 and by the number of types of ar.riconvulsants

dispensed in the first trimestr;r or spermatogenesis period. Non-livebirth pregnancy

outcomes 2.S a group were more cornmon in exposed mothers ,han those with no history

of anticonvulsant use. There was a gradif'r!t of risk for the number of types of

anticonvulsants to which a mother \Vas exposed. Treatment with two anticonvulsants

during the first trimester was associated with a more than doubling of the risk of a non

livebirth pregnancy outcome compared to women without a history of anticvnvulsant

exposure (RR 2.18,95% CI 1.67-2.86). The test for linear trend in proportions across

the number of types of anticonvulsants during the first trimester was highly significant

(chi-square = 27, P=O.OOO).

Spontaneous abortions were reported about 30% more often among women with a history
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of anticonvulsant exposure but there was no di fferencc in risk hetween tl1l1se with and

without first trimester exposure. Spontaneous abortions were not more common where

the father had a history of anticonvulsant exposure than among women where neither

parent had a history of anticonvulsant use. Induced abortions were pcrformed more

commonly on a hospital inpatient basis among women treated with anticonvuls:mts during

:he tïrst trimester. Women taking two anticonvulS<L"ts during the tirst trimester had a

statistic;;.lIy significant elevated RR of 2.20 (95% CI 1.56-3.10). Interpretation of

spontaneous abortion ana induced aboriion data is difficult because inJuccd ahortion is

often done on an outpatient basis and most spontaneous abortions occur outside of

hospital. Differences in the management of epiIepr.ic women would scem a rc."\sonable

explanation for the observed associations but data unavailable in this study would he

required to evaluate this explanation.

SùlIbirths were seriously under-reported uefore 19S0 because of ICD-S to ICD-9

equivaleneing problems and this aeeounts for the low overali observed rate. Stillbirth

risk was not elevated among women with firsttrimester antieonvulsant trcatment, but the

risk was double (RR 1.94, 95% CI 1.23-2.91) among women n'Jt trcated during

pregnai':cy but who had been dispensed antieonvulsants between 1976 and 1983.

Sùl1birth was more eommon among pregnaneies where the father was on anticonvulsant

therapy uuring the spermatogenesis period but the elevated risks were based on only 4

cases.

Ectopie pregnaney risk was not elevated among women with a history of antieonvu~sant

use but with no antieonvulsant therapy in carly pregnaney, nor among women on one

anticonvulsant in carly pregnaney. However, two-drug therapy was associated with a

five-fold, statisùca1ly significant elevation in risk (RR 5.74, 95% CI 2.63-1O.1:t.: 7),

aIthough it was based on only nine cases with two-drug trcatment. Table 5.7.7 examines

ectopie pregnaney risk by the type and number of antieonvulsants with whieh a woman

was trcated during the 42-day period that an average ectopie pregnaney Iasts. When used

in eombination with another anticonvulsant, most of the antieonvulsants were associatcd

163



•

•

wilh ek:vatl:d risk, although none of thcsc were associated with substantially increa~'ed

risk in monothcrapy.
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Table 5.7.1

Specific hospital recorded pregnancy outcomes in Saskatchewan 1977-1984 by exposure to anHconvulsants
in 1st trirnester for parents with any anticonvulsanl exposure 1976-1983

•

Prescription history
includes anHconvulsants

___.::.:other than phenobarbital"

Anticonvulsant history
includes
phenobarbital only

Induced
Abortion

Spontaneous
AborHon

Ectopic
Pregnancy

Stillbirth

Total Pregnancy
Outcomes

Exposed
Number (%)""

52 ( 14.5%)

13 (3.6%)

11 (3.1%)

1 «(-.3%)

359 (100.0%)

Unexposed
Number (%)

62 ( 10.1%)

17 (2.8%)

6 (1.0%)

4 (0.7%)

614 (100.0%)

Exposed
Number (%)

26 (9.4%)

6 (2.2%)

3 (1.1%)

( 0.4%)

276 (100.0%)

Unexposed
Number (%)

155 (7.4%)

68 (3.3%)

21 (1.0%)

19 (0.9%)

2,087 (100.0%)

Total
NUnJL -, (%)

295 (8.8%)

104 (3.1%)

41 (1.2%)

25 (O. 7!!iq

3.336 (100.0%)

" phenobarbital may or may not also be present
"" percent of total pregnancy oulcornes within phenobarbital and 1st trimester exposure calegory
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Table 5.7.2

Risk of non-livebirt!ls oulcomes in Saskalchewan 1977-1984 by exposure to anliconvulsanls in the 1st trimesler or
spermatogenesis period

Parent's Number of types Non-Iivebirlhs
anliconvulsant of anticonvulsants-
Rx hislory 1st Irimester or Rate/l000
1976-1983 spermatogenesis NLB+LB' No. NLB+LB RR 95%CI .....

None a 112,220 13,039 116.2 1.00

Mother a 2,701 352 130.3 1.12 (1.02-1.24)
1 448 70 156.3 1.34 (1.08-1.67)
2 158 40 253.2 2.18 (1.67-2.86)
3 28 3 107.1 0.92 (0.18-3.00)
4 2 a -- -- (0.00-40.58)..

Falher a 1,091 137 125.6 1.08 (0.92-1.26)
1 174 30 172.4 1.48 (1.07-2.06)
2 128 14 111.1 0.96 (0.58-1.57)
3 21 a 0.0 0.0 (0.00-1.46)_.

• LB=lIvebirths, NLB = non-Iivebirth pregnancy outcomes reported through hospital admission-discharge summaries
•• Tesl for Iinear trend across number of types of anliconvulsanls for molhers: Chi-square = 27.792, P = 0.000.
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Table 5.7.3

Risk of spontaneous abortion in Saskatchewan 1977-1984 by exposure to anticonvulsants in the 1st trimester or
spermatogenesis period

Parent's Number of types Spontaneous abortion
anticonvulsant of anticonvulsants-
Rx history 1sltrimester or Rale/l000
1976-1983 spermalogenesis NLB+LB' No. NLB+l.B RR 95%CI

None 0 112,220 2,704 24.1 1.00

Mother 0 2,701 85 31.5 1.31 (1.06-1.62)
1 448 15 33.5 1.39 (0.84-2.29)
2 156 4 25.3 1.05 (0.28-2.79)
3 28 0 0.0 0.0 (0.00-5.77)
4 2 a 0.0 0.0 (0.00->100)

Father 0 1,091 27 24.7 1.03 (0.71-1.49)
1 174 5 28.7 1.19 (0.50-2.83)
2 128 1 7.9 0.33 (0.01-1.86)
3 21 a 0.0 0.0 (0.00-7.86)

• LB=livebirths, NLB = non-livebirth pregnancy outcomes reported through hospital admission-discharge summaries
•• Test for linear trend across number of types of anliconvulsants for mothers: Chi-square = 4.251, P = 0.039.
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Table 5.7.4

Risk of Induced abortion in Saskatchewan 19"17-1984 by exposure to anticonvulsants in the 1st trimester or
spermatogenesis period

Parenl's Number of types Induced abortions
anticonvulsanl of anliconvulsants-
Rx history 1st trimester or Rale/l000
1976-1983 spermatogenesis NLB+LB' No. NLB+LB RR 95%CI

None 0 112,220 8,729 77.8 1.00

W.other 0 2,701 217 80.3 1.03 (0.91-1.18)
1 448 48 107.1 1.38 (1.05-1.80)
2 158 27 170.9 2.20 (1.56-3.10)
3 28 3 107.1 1.38 (0.27-4.67)
4 2 0 0.0 0.0 (0.00-63.0)..

Father 0 1,091 86 78.8 1.01 (0.83-1.24)
1 174 22 126.4 1.63 (1.10-2.41 )
2 128 10 79.4 1.02 (0.56-1.85)
3 21 0 0.0 0.0 (0.00-2.28)...

• LB=lIveblrths, NLB = non-Iiveblrlh pregnancy outcomes reportod through hospital admission-discharge summaries
•• Tesl for Iinear trend across number of types of anticonvulsants for mothers: Chi-square = 13.703, P = 0.0002.
• •• Test for Iinear trend acrons number of types of anticonvulsants for fathers: Chi-square ~ .638, P =' 0.424.
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Table 5.7.5

Risk 01 sllllbirth ln Saskatchewan 1977-1984 by exposure to anllconvulsants ln the lst trimester or
spermatogenesls period

Parent's Number 01 types SlIlIblrths
antlconvulsant 01 anllconvulsants-
Rx hislory 1sttrimester or Rate/1000
1976-1983 spermatogenesls NLB+LB' No. NLB+LB RR 95% CI

None 0 112,220 493 4.4 1.00

Mother 0 2,701 23 8.5 1.94 (1.28-2.94)
1 448 2 4.5 1.02 (0.12-3.91 )
2 158 0 0.0 0.0 (0.00-5.59)
3 28 0 0.0 0.0 (0.00-33.23)
4 2 0 0.0 0.0 (0.00->100)

Falher 0 1,091 5 4.6 1.04 (0.33-2.62)
1 174 3 17.2 3.92 (0.79-12.57)
2 128 1 7.9 1.81 (0.04-10.82)

3 21 0 0.0 0.0 (0.00-45.22)..
, LB=liveblrths, NLB = non-livebirth pregnancy outcomes reported Ihrough 110spilal admission-discharge summaries
,. Tesllor Iinear trend across number 01 types 01 anticonvulsants lOf lathers: Chi-square = 2.212, P = 0.137.
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Table 5.7.6

Risk of ectopie pregnancy in Saskatchewan 1977-1984 by exposure to anticonvul~ tnts in the 1sttrimester or
spermatogenesis period

Parent's Number of types Ectopies
anticonvulsant of anticonvulsants-
Rx hislory 1st trimester or Ratell000
1976-1983 sparmalogenesis NLB+LB' No. NLB+LB RR 95 % CI

None 0 112,220 1,114 9.9 1.00

Mother 0 2,701 27 10.0 1.01 (0.63-1.55)
1 448 5 11.2 1.12 (0.33-2.73)
2 158 9 57.0 5.74 (2.63-12.17)
3 28 0 C.O 0.0 (0.00-14.27)
4 2 0 0.0 0.0 (0.00->100)..

FaUter 0 1,C91 19 17.4 1.75 (1.02-2.91)
1 174 0 0.0 0.00 p.00-2.17)
2 128 2 15.9 1.60 (0.19-6.08)
3 21 0 0.0 0.0 (0.00-19.44)

• LB=livebirlhs, NLB = non-Iivebirth pregnancy oulcomes reporled through hospital admission-discharge summaries
•• Test for Iinear trend across number of types of anliconvulsanls for mothers: Chi-square = 7.879, P = 0.005.

•
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Table 5.7.7

•
EClopic pregnancy risk in Saskatchewan 1977-1984 by mOlher's type 01 lirsl Irimesler anticonvulsanl exposure

Monotherapy Tl'lo anticonvulsanls Three anticonvulsants
1st Trimesler (specilied anticonvulsant 810ne) (specified anticonvulsant & 1 other) (specilied anticonvulsant & 2 other~)

Anticonvulsant Rate Rate Rate
exposure Ectopie /1000 Ectopie /1000 Eclopic /1000

LB"''' prognancv LB+E RR 95 "Al CI LB prcg~~ncy LB+E RR 95% CI LB pregnancy LB+E RR 95% CI
y

No anticonvul~an' 99,181 1,114 11.1

hislory 1976-1983'

PHB 269 4 14.7 1.32 (0.36-3.40) 125 5 38.5 3.46 (1. 12-8.1 0) 23 a 0.0 0.00 (0.00-14.46)
DPH 61 1 16.1 1.45 (0.04-8.11) 95 6 59.4 5.35 (1.96-11.68) 22 a 0.0 0.00 (0.00-16.73)

PRM 14 0 0.0 0.00 (0.00-23.7) 7 2 222.2 20.01 (2.42-72.44) 4 0 0.0 0.00 (0.00->100)

CBZ 30 0 0.0 0.00 (0.00-11.1) 17 2 105.3 9.48 (1.15-34.31) 19 0 0.0 ,1.00 (0.00-17.52)

CLN 0 0 - - - 0 1 1000.0 90.03 (2.28->100) 1 0 00 0.00 (0.00->100)

TRI 0 0 - - - 1 0 0.0 0.00 (0.00->100) 2 0 0.0 0.00 (0.00-> 100)

SUX 2 0 0.0 0.00 (0.00->100) 13 2 133.3 12.00 (1.45-43.47) 3 0 0.0 0.00 (0.00->100)

VPA 5 0 0.0 0.00 (0.00-66.5) 6 0 0.0 0.00 (0.00-55.4) 1 0 0.0 0.00 (0.00-;-100)

• Rafelent group lor ail relaU .e risks is Iivebirlhs plus ectopie pregnancies where parent's prescription history 1976-1983 incilldes no anticonvulsants.
•• LB.· livebirlhs; E = Ectopies
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5.8 SlImmary of Stlldy Resllits

An essentially population-based database of maternaI drug use and reproductive outcomes

WOlS crcatcd which included 104,534 livebinhs and \3,685 non-livebinh outcomes

occurring between April 1977 and March 19841inked to 299,152 prescriptions dispensed

to the mothers in the ycar preceding the pregnancy outcome. When the congenital

anomaly binh prevalences in the dataset were compared with prevalences ascenained by

generally similar methods through four binh defect monitoring systems in nearby

provinces. deticits in overall prevalence of9 to 49% were observed for the Saskatchewan

dataset.

In the Saskatchewan database. women were assessed to be treatcd with (i.e. "exposeè

to") anticonvulsants in the tirst trimester of pregnancy of 522 livebinhs and 106 oon

livebinh pregnancy outcomes. Fathers in 321 pregnancies were assessed to be exposed

during the spermatogenesis period. Offspring of mothers exposed to anticonvulsants

during the tirst trimester experienced a slightly elevated but not statistically significant

increase in risk comparcd to the standard referent group throughout this study--the

otTspring of parents with no anticonvulsant prescription history between 1976 and 1983

(RR 1.24.95% CIO.75-1.94). Among exposed women the congenital anC'!:':aly risk with

one anticonvulsant was 1.18 (95% CI 0.63-2.01) (13 cases/378 exposed livebinhs), with

two tyves of anticonvulsants 0.87 (95% cr 0.17-2.49) (31118), and with three types 4.10

(95% CI 0.85-12.01) (3/25).

Five infants with hean anomalies were observed among the women treated with one

anticonvulsant during the tirst trimester (RR 2.70,95% cr 0.87-6.34). A hean anomaly

and a facial clef! in different infants were observed among the 25 livebinhs where the

women had been exposed to three anticonvulsants in the first trimester, resulfng in high

but unstable risk estimates for both conditions. No hean anomalies or fada. clefts were

seen among the livebinhs of fathers exposed to anticonvulsants.
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More than hall' of the anticonvuisant exposures (.N~ of 6(5) w<:re to phenobarbital. one

quaner (178) were to phenytoin. while the other six prescribed anticonvul~ll1ts aCCl'unted

together for !css than a tifth of exposurcs. E!cvated risks were assl'Ciated with

phenobarbital. phenytoin and primidone when used in thrcc-anticonyul~ll1t therapies. The

risk of congenital anomalies aS30ciarcd with phenytoin oyerall was 1.92 (95% CI 0.92

3.54) and with primidone the RR was ~.46 (95 % Cl. O.92-13.0~). Thus the sludy

yielded res'Jlts with respect to congenital anol11al~' risk rcasonably Cl'nsislent with the

conclusions of the meta-analyses.

An association. not previously reponed in the literature. betwccr. anticonyul~lnt

polytherapy and ectopie pregnaney was revea!cd in the dataset (RR 5.74.95% Cl 2.b3

12.17 for therapy with two types of antieonvulsants early in pregnaney) .
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CHAPTER 6. DlSCl'SSIO:'\ Of THE SASKATCHE\\, ..\:'\ STl:ny

6.1 SummarJ

This project provided the tirst detai1cd evaluation of the utility of Saskatchcwan Hcalth's

drug and hospital databases for undenaking pharmacocpidemiology rcscarch int"

reproductive outcomes, A database of maternai drug use and reproductive llutcomcs

including more than 100.000 livebinhs. 16.000 non-livebinh outcomes. and almost

300,000 prescriptions dispcnsed in the ycar bel'ore the pregnancy olltcomes was creatcd.

One of the largest studies to date of anticonvulsant use during pregnancy and sclectcd

reproductive outcomes was completed. The dat.'lbase of maternai drug usc and

reproductive outcomes and the epilepsy study were completed for approximately $60,000.

However, two imponant limitations for using the dat.'lbases for epidemiologic analysis

became apparent. First, binh defect binh prevalences in the Saskatchewan dataset were

substantially below those found in other provincial monitoring systems employing similar

ascenainment strategies. Second, confidentiality policies which denied the rescarcher

access to anonymized individual data records created a number of obstacles to doing

proper epidemiologic research.

This discussion is divided into three pans:

1) The first section discusses technical strengths and limitations of using the

Saskatchewan databases for reproductive outcome research in general, and the

potential research implications for the present and future studies.

2) The second section addresses study limitations specifie to the anticonvulsant

study and examines how the present study findings compare with those of the meta

analyses.

3) The final ~tion addresses the r~strictive data access policies employed by
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Saskatchewan Hcalth and their implications for epidemioiogic research .

6.2 Evaluation of the Saskatchewan Hcalth databascs for reproductive-outcome

pharmacoepidemiology

Several advantagcs and limitations of using the Saskatchewan Health databases for

pharmacocpidemiologic studics of reproductive outcomes came to light through this

study. Thesc factors are important for assessing the quality of the present study and

would be applicable to other studies using the database of maternaI drug use and

reproductive outcomcs.

Livebirth and non-livebirth outcome ascertainment

SHSP counts for various pregnancy outcomes reported in SHSP's annual reports were

virtually identical to the counts of records eXlracted through the search of the hospital

database. Vital statistics livebirth counts were very similar to the hospital counts we

extracted. Stillbirth counts however exhibited a heavily time-dependent shortfall. The

discrepancy with regards (0 stillbirths prior to September 1979 arose because the ICO-8

coding at 4 digits cannot be fully equivalenced to the ICO-9 code. Other pregnancy and

birth outcome codes were examined but no other problems became apparent. Oespite the

fact that coding using ICO-9 began in September 1979, there continued to be less than

the expected number of stiIlbirths until 1981.

Birth defect ascertainment

As Saskatchewan has not maintained a birth defects registry, there were no data available

for direct comparison to the birth defect data assembled in this study. However, data
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used for surveillance of birth defects in Ontario and l\lanitoba was wlkctcd thn'ugh

automated scanning of hospital admission/dischargc abstracts using a prl'CCSS quitc similar

to that employed to create the reproductive outcome database in Saskatchewan. Data

from these two provinces should provide for valid comparisons. Birth defL'Ct monitoring

in both Alberta and British Columbia utilized multiple sources of ascert.1.inment including

hospitalizations. Alberta's hospital ascertainment is not donc in an automated. systematic

way, however, but depends on hospitals reporting defects to a central registry when they

are observed. This type of notification system which is depcndent on voluntary form

completion has been shown to result in serious underreporting of defœts in some systems

(Johnson, 1990).

Vital statistics data were not used in the study because for the study pcriod the vital

statistics data were neither available in machine-readable form nor was the RBN a

required individual identifier. However, not having birth defect data from birth

certificates was not seen as a serious limitation for the study for rcasons including the

following: 1) hospitalization is a source c·; ascertainment in approximately 65-90% of the

congenital anomalies that are reported when multiple sources are involved (Johnson,

1990; Pica, 1987); 2) the level of birth defect reporting on birth certificates is often

extremely low (Thunem et al., 1988); and 3) reporting deficiencies resulting from

reHance on routine hospital data tend to be most marked for the less obvious or less

clinically serious congenital anomalies (Pica, 1987) which are not likely to be picked up

on birth certificates.

The study found that the birth defect birth prevalences were substantially lower in the

Saskatchewan database compared to IWo provincial monitoring systems which are each

based on an automated, systematic search of computerized hospital admission/discharge

abstracts. OveraIl, the Saskatchewan rates were 37% lower than in Ontario and 43 %

lower than in Manitoba. Saskatchewan rates were 49% lower than in British Columbia,
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which at th.: tim.: had multipk data sources. This could be a serious limitation of the

Saskatch.:wan databas.: for congenital anor.lalies research.

lOirst, th.:re would be no way to improve the database short of returning to the hospital

charts to discover whether anomaly codees) had becn left out. This was considered for

offspring of the women treated with anticonvulsants but decmed too expensive.

(Locating over 500 charts in hospitals throughout the province at an extraction cost of

$75 pcr chart would cost about $40,000.) Second, congenital anomalies studies almost

always suffer from small numbers of outcomes and the resultant lack of statistical power

in the analysis. !t is unfortunate to have that problem further aggravated through

underreporting.

Third, and most importantly, when outcomes are underreported the potential for bias is

incrcased. If there is only non-differential misclassification of outcome (i.e. anomalies

arc reported to the same extent in exposed and non-exposed births), the risk estimates

will not be altered. However, it is quite conceivable that anomalies might be more likely

to be reported as a discharge diagnosis when there was concern (e.g. documented in the

medical literature) that the anomaly might have occurred because of a maternal drug

exposure. For example, if a women with epilepsy on anticonvulsant therapy during

pregnancy gave birth to an infant with a cleft lip, the individual filling out the hospitai

admission-separation summary might be more likely to report the anomaly. If this

occurred, confounding would be introduced into the analysis of anticonvulsants and

congenital anomalies, artificially elevating and thus producing a biased risk estimate of

the effect of anticonvulsants. Because both anticonvulsant use and birth defects are rare,

even a small number of occurrences of this altered coding pattern could result in

substantial bias.

One conceivable explanation is that only the more important anomalies were reported in

the Saskatchewan database. However, we found trivial anomalies such as tongue ties and

skin tags (that were removed before any comparison or analysis) in proportions similar

177



•

•

to those in other provinces. Furthermore. three-digit anomaly groups d,'minatl'd by

relative1y Jess important anomalies were on average proportionally no Iowa in

comparison to other provinces than categories dominatcd by rclativclv more sert',us

anomalies.

There is recent evidence that many anomalies can be missed in hospital discharge

abstracts. In a study by Calle and Khoury (\991), the authors compared the rates of

binh defects reported through routine discharge abstracts with the rates found through

a thorough search of the hospital birth records. In a sample of 3.421 infants bom

betwecn 1966 and 1986 across the United States, 237 birth defccts cases (6.9 casesflOO

livebinhs) were documented in hospital binh records, and 49% of those c."lses (3.4

cases/lOO livebinhs) had becn missed in the discharge diagnosis (28% of major defects

and 66% of minor defect cases).

SHSP diagnosis validation through admission-separation summary recoding

Two conclusions can be drawn from the validation study. First, in general, the

transcription from a shon written description of the discharge abstract to a 4-digit ICO

code in the SHSP database seems to be done carefully and reasonably accurately. Error

rates of 9% at the four-digit level and 3.5% at the threc-digit level are in line with the

error rates that have becn discovered in other studies of diagnostic coding accuracy of

hospital admission/discharge summaries.(Hierholzer, 1991) Second, because the

admission-separation summary record has space for only two discharge diagnoses,

multiple binh defects will be underreponed. If there is more than one hospitali7.ation for

an infant more anomalies may he incorporated in the database. Of greater potential

concern for congenital anomaly research using the databases is the possibility that a child

with anomalies could be missed altogether. For every newborn, one discharge diagnosis

code is a birth code (e.g. "V30 - single binh"). If other perinatal problems exist they

may be reported instead of an anomaly discharge diagnosis and the anomaly would not
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appcar in thc datahasc.

This rccoding study could not cvaluatc how often anomalies recorded on the hospital

chart might be missing from the abstract and thus the SHSP database. Jick (1985) and

Shapiro (1986) have poinicd out that in most studies details of case histories are required

to propcrly document c1inical diagnoses, as important distortion from misc1assification

of diagnosis might occur. This concern has not becn evaluated because of the prohibitive

cost. The apparent overall shortfall in anomaly reporting could not be resolved in this

study without examination of all the hospital chans of infants whose mothers were

probably exposcd to anticonvulsants and a large sample of offspring of women without

anticonvulsant exposure.

However, the validation study that was undertaken at least confirmed the coding and data

entry into the machine-readable SHSP dataset from the short written diagnoses on the

admission-separation record.

Prescription drug data quality - daims records

Many administrative databases have limitations on use for epidemiologic research because

data items not used administratively, but of interest to the heaIth researcher, may be

lacking in accuracy and completeness (Connell et al., 1987). However, the Drug Plan

prescription information should be of high quality because: payment is involved for each

transaction recorded; the amount of payment is directly related to the exact drug, strength

and amount dispensed; the reporting process involves only 350 pharmacies interacting

directly with SPDP on a regular basis and much of the pharmacy billing is automated.

Furthermore, SPDP monitors the accuracy of the daims data weckly by asking a selected

sample of individuals whether they received prescriptions as claimed by pharmacies.
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Estimating tirst trimester anticonvulsant exposure

The problcms inherent to evaluating drug use l'rom the database are discussed here for

anticonvulsants. the only prescriptions evaluated c10scly in this study. but it secms qui te

likely that similar problems might arise with other prescription drugs as well. A numher

of situations created complications for establishing the exposure window and estimating

dose:

1) Although most drugs are dispensed in 30 day supplies. a few including anticonvuls..mts

are also available in 100 day supplies. When the elapsed number of days betw~'Cn

dispensing dates was close to 30 or 100. it was assumed that the supplY was used over

30 or 100 days respectively. However, the elapsed number of days betwccn prescription

dispensing was less than 25, between 40 and 90 or over 130 days often enough to be of

concern. Severa! different scenarios might explain the patterns. cach with different

repercussions on dose and exposure window. For example, elapsed times of betwccn 40

and 90 days might indicate the individual took a reduced dose for a 30 day prescription,

increased the dose on a 100 day prescription, or picked up the sccond prescription carly

out of convenience. In this type of situation in epidemiology one wants to make an

assumption to maximise the chance of finding an association if it exists. Failing that, onc

would want to make a conservative assumption about exposure. However, the opti mal

and the conservative choice of assumption in this situation is unclear--higher dosc ovcr

short duration or lower dose but over a longer duration.

2) Il is difficult to estimate exposure if an anticonvulsant prescription is the last one

dispensed. Is one to assume that each prescription was used as prescribcd and thcn

treatment discontinued, or did treatment cease before the prescription was uscd up?

Similarly, there is a problem if only one prescription for a particular anticonvulsant was

ever dispensed. There is no way to know if the full course of therapy was taken or

whether il was discontinued.
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3) If a pr<.:scription for a second type of anticonvulsant is recorded in mid therapy, were

the anticonvulsants tak<.:n concurrently or was the first anticonvulsant discontinued?

Tn.:atm<.:nt regim<.:s vary enough between patients that either scenario is possible. If a

second typ.: of anticonvulsant is introduced, the dose of the first may need to be reduced

or incrcascd to maintain serum levcls because the anticonvulsants often interact with each

other.

For the maJonty of anticonvulsant-exposed women there was a long history of

anticonvuisant use and the appearance of a continuous pattern of use through pregnancy.

However, for a small p.:rcentage of women without a long and continuous history of

anticonvulsant use, there couId be non-differential misclassification into the exposed or

unexposcd groups, which would tend to dilute observed associations.

More sophisticated anticonvulsant use algorithms couId have becn de·.eloped (e.g.

looking at the anticonvulsant prescribing pattern over severa! years) but it was felt that

this would result in limited improvement in exposure assessment while complicating the

calculations and understanding of them. Thus, because the individua! data could not be

examined, such an analysis had the potentia! to create unexpected complications.

Changes over time in the unique individual identifier

The unique persona! identifier used for record linkage in this database changes when a

woman reaches 18 years of age or gets married. We found that for 9% of the recorded

pregnancies, the women's RBN's had changed during the one-year period bel'ore a

pregnancy outcome. Thus prescriptions dispensed before the number change wouId not

have becn picked up and linked to the pregnancy. We decided against resolving this

problem because the cost was prohibitive, estimated at more than the entire cost of the

studyas undertaken. (The process of resolving RBN's would require updating millions

of prescription and hospitaI records for the entire study period to the most recent RBN's
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through a severa! step process before beginning the linkage. The ,ost was roughly

estimated at S75,OOO.)

Instead, we f1agged ail pregnancies where the mother's benetit number changed in the

year preceding pregnancy in order to account for the pregnancies that might have missing

data and evaluate the possible cffects. ln general, the effect wouId be ;\ small amount

of misc1assification bias, i.e.• missed drug exposure resulting in exposed women being

c1assified as unexposed, and would tend to dilute the results toward lI,.- nul!, resulting

in slightly conservative estimates of risk.

Other limitations of the database

The linked drug-birth outcome dataset has other limitations. No hospital outpatient

information is available in machine readable form and thercfore most therapcutic

abortions are missed in the database. Birth weight is not inc1uded in the hospital

discharge abstracts but the risk of low birth weight can be an important cndpoint. Non

prescription drug use is unavailable for study, as are prescriptions dispcnsed in hospital.

6.3 Evaluation of the anticonvulsant study

Evaluating epilepsy status

Because we have no specific information in the database on the c1inical diagnosis of

epilepsy, anticonvulsant use was the sole marker for epilcpsy and this could be

problematic for rcasons inc1uding the following:

1) Phenobarbital is often prescribed for conditions other than epilepsy.

Anticonvulsants other than phenobarbital cao be prescribed either for very rare

indications (Krogh et al., 1987) or inappropriately, and this could result in some
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individuals being assurned to be epileptic.

2j If a woman witb epilepsy has not bccn on anticonvulsant treatment during the

study period, or not on anticonvulsants while using the RBN at the time of

pregnancy outcome, she will be misclassified as non-epileptic.

3) Even if the error rate in recording either the RBN or ihe type of drug is below

one percent, when a huge volume of data is scanned--in this case over 32 million

individual prescription transactions--a number of transcription or data entry errors

may still occur. With the 489,000 anticonvulsant prescriptions rccorded, incorrect

RBN coding of 0.5 % could result in almost 2,500 individuals who were never

diopensed an anticonvulsant but who have a record indicating receipt of one. This

might translate into approximately 75 pregnancy outcomes being misclassified into

the group with any history of anticonvulsant use.

The summary anticonvulsant prescription profiles were examined carefully to assess the

likelihood that an individual had epilepsy in Iight of the number of prescriptions and

types of anticonvulsants used. It appeared that over 90% of the 359 reported pregnancy

outcomes among those women treated with anticonvulsants in the first trimester, whose

anticonvulsant history had included anticonvulsants other than phenobarbital, were very

likely to be epileptic because of long prescription histories to anticonvulsants and

prescriptions for more than one type of anticonvulsant. Similarly in over 90 percent of

the pregnancies where a father had a history of non-phenobarbital exposure, it was very

likely the father had epilepsy according to the criteria used.

Other limitations

Data on potentially important confounders were not availabIe. Congenital anomalies in

epileptic parents, in particular facial c1efts, may result in higher risk for similar
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anomalies in the offspring lAnnegers et al.. 197..). Details con.:erning the type. sen'rity

and history of the epilepsy which are likely to be asso.:iated with the ehoi.:e ,,l'

anticonvulsant therapy are not available for analysis. Alcohol .:onsumption and smoking

patterns. which may di l'fer among epileptics and non-epikpti.:s. also in.:re~lse risk of

adverse reproductive outcome (Abel. 198..: Abel and Sokol. 1Q8b). but are unav~lÎlahk.

How do the results in Saskatchewan compare to the meta-analysçs?

This follow-up study was as large as any study execllted to date in this tield--628

pregnancies were assessed to involve tirst trimcster anticonvulsant cxposllrc.

Nevertheless, the study was Iimited by a lack of power when specitic anticonvllisants or

outcomes were examined. A smaller percentage of the anticonvulsant-cxposed women

were on polytherapy than observed in most other studies of anticonvulsant teratogcnicity.

Furthermore, the overall anomaly rates were relatively low, and thesc two factors

aggravated the analysis problems created by sample size limitations.

The overall risk estimate of congenital malformation of 1.24 (95% CI 0.75-1.94)

associated with anticonvulsant exposure was hall' that found in the mcta-analysis (RR 2.6,

95% CI 2.1-3.2). Many of the other studies are clinic-based where women with more

serious epilepsy would be more Iikely to be treated, whereas this is essentially population

based. This may be reflected by the fact that the percentage of women on polytherapy

among those with anticonvulsant exposure varies in the studies located for the meta

analyses between 35 and 90% (average about 45%) whereas in the Saskatchewan study

it was 27%. Unlike most of the other studies, there was no diagnosis of epilepsy and

therefore it was not possible to confidently differentiate which women were epileptic,

particularly for the large number who had taken only phenobarbital. Therefore, our

sample may be diluted with non-epileptic women. If the pattern of anticonvulsant taking

was different (e.g. lower doses) among non-epileptics this could reduce risk.
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l'urth~rm()n:. th~ congenital malformation dctïnition may have bccn narrower in sorne

of th~ oth~r studi~s whcrc hospital records could be examincd and the seriousness of an

anomaly ass~ss~d mor~ carefully.

Wh~n hcart and deft anomalies were examined, the elevatcd risks described in many

studies and the meta-analysis were observed. The association of three-drug therapy with

higher risk of s~rious anomaly w:\s observcd but bascd on few exposures and few

outcomes. &:cause wc could not confidently differentiate epilepsy particularly in the

unexposed women wc could not compare the exposcd with the unexposcd in a precise

way.

The Iïnding of an incrcascd risk of ectopie pregnancy with anticonvulsant polytherapy

has not bccn reportcd in the literature (Dansky and FinnelI, 1991). AIthough the RR is

rcasonably high at 5.74 and statistically significant (95% CI 2.62-10.86) it could easily

be a chance finding because 1) it is bascd on only 9 cases, 2) it was not a hypothesis

bascd Iïnding and 3) it was observed in the course of screening severa! outcomes and

exposures. Furthermore, it seems unlikely that it would not have been observed or

reported before, particularly in any of the 22 prospective studies of anticonvulsant

teratogenesis, as it would be unlikely to have been missed because of its potentiaIly fataI

consequences and the fact that it wouId definitely come to medicaI attention.

On the other hand. it is possible that the effect could have been overlooked, particularly

in the smaller studies, if the RR in other studies was lower, the effect was diluted by

presenting the risk for monotherapy and polytherapy together, the overa!1 incidence of

ectopie pregnancy was lower in the study populations and/or the individuaI studies were

focused only on congenital malformation. Proper evaIuation of the association in this

study would require examination of pelvic inflammatory disease which appears to be an

important risk factor for ectopie pregnancy (Chow et ai., 1987). A higher incidence of

pelvic inflammatory disease (or risk factors associated with pelvic infection) among the

women contributing to the high relative risk associated with polytherapy would have to
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be ruled out before the tïnding would warrant furth,'r altCnti,'n .

6.4 Undcrt;lking phanmlcol'pidcmiologic n'Sl'an'h IL~ing thl' Saskatdll'wan 1h'alth

databascs

Undcnaking pharmacocpidemiologic rcsearch in Saskatchewan is made nlllre dirtï,'ult as

a result of Saskatchewan Hcalth's contïdcmiality polides which only alll"\' reSl';lrd\c'rs

acccss to summary cross-tabulations of the data they wish to analyse. Data l'Il individual

study subjccts, cven with ail potcntial idemiliers removed or ser:ullbled, e:m not he

obtained.

This policy affects epidcmiologic and biostatistical rescarch in the following ways:

1) Trying to get "a feel" for the data is difficult. When one does an epidemiologic study

a substantial amount of time is spent getting to know what the data "look like", c1e;ming

up inconsistent coding and resolving potential problems. Each variable should be

examined carefully for temporal and demographic patterns of missing or unlikely values.

Where there is incomplete coding, one must look across an individual's record to

evaluate closely whether the pattern applies to other variables. A close initial visual

inspection of individual records is often particularly useful for picking up unexpcctcd

idiosyncrasies of the dataset, which could cause complications later and if overlookcd

could compromise the study results.

2) Communicating to a programmer the large number of details involved in data

manipulation and summarisation is cumbersome and error prone. The problem is

amplified if you are working from a remote location. For example, this project rcquired

communicating and checking the precise logic for each of the more than 15 programs

developed in Saskatchewan 10 create the dataset and summarise it to create the

anticonvulsant-birth defect cross-tabulations used in the analysis. If a researcher was

inexperienced in dealing with the peculiarities of databases and record linkage, thcy
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might ~asily ~nd up with a cross-tabulation which was not preciscly what they assumed

il 10 he. If the algorilhms are left up la the programmer there is even more chance for

miscommunicalion. The nccd for fastidious checking al cvery stage of the linkage and

analysis cannot be overemphasized.

Use of any dataset belonging to a third party obviously is involved. However, if

anonymized individual "raw" data is made available to the researcher. only the initial few

progrdms would have to be done within Saskatchewan thereby greatly decreasing the

probability of the foregoing types of problems and the potential for unnoticed errors.

3) When an error in a cross-tabulation is discovercd, much of the information in the

tabulation often becomes useless. Funhermore, errors do not necessarily become

apparent unti! one is weil in 10 the analysis. Wben a problem arises in an analysis--e.g.

somelhing just docsn't make sense or "add up", an inappropriate assumption about the

nature of a variable or a mistake in the logic used to manipulate a variable has generally

becn made. When this happens with an individual record dataset, recovery often

involves just a simple recode, rerunning a couple of steps and continuation of the

analysis. When it happens wiCl1 an analysis based on a summary cross-tabulation, and

the error was made before or during the multi-way cross-tabulation step, it requires going

back to the original dataset, fixing the error, recreating the cross-tabulation and

reworking the data through ail of the anaIytic steps.

4)" Wbat if" analysis is often impossible. After one analyses the relationships between

certain variables. the results often suggest other analyses or slightly different ways of

coding or examining a variable or grouping data to check out scenarios and explore the

relationship further. These analyses can be very instructive and may tum up unexpected

relationships in the dataset. An anaIysis starting with a cross-tabulation severely limits

these possibilities or makes them impossible.

5) Wben an unexpected result tums up il is very useful to be able to go back to the
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original unrecoded variables to verit"y that the variables or groups have not been

inadvertemly improperly coded somewhere in the processing. \Vith individual data this

is simple and provides r.:assurance abo:lt results: without individual data this kind of

checking is difficult. expensivc and timc-consuming.

6) Data on individual subjects cannot bc as closely cvaluated. For example individuals

with more complicated prescription dispcnsing pattcrns around the time of the tirst

trimester and infants with several hospitalizations and sevcra! anomaly diagnoses could

have been more accurately assessed with individual records. Anomaly coding contlicts

arise when multiple records on a child are merged together. Detailed rules for making

choices about when to drop specifie codes (e.g. more detailcd diagnoses are established

on later hospitalizations), when to keep two similar codes. as weil as many special rules

for situations which do not conform to the general rules are rcquired to rcsolvc contlicts.

In summary, epidemiologic analysis based on data available only in cross-tabulatcd form

simultancously makes analysis more difficult to undertake and more prone to

unrecognized error. This increases the probability that the rescarch results could be

incorrect or misleading.
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6.5 Conclusions and Rccommcndations

This thesis has relïncd the understanding of the relationship between anticonvulsant

therapy during the lïrst trimester of pregnancy and tb: risk of congenital malformation

through two meta-analyses. As weIl, it has demonstratcd the utility and highlighted

limitations of the Saskatchewan Prescription Drug and Hospital Services databases for

studies of maternai drug use and certain reproductive outcomes.

The meta-analyses have clarified the risks associated with anticonvulsant use and

quantificd the differences in risk associaled with different anticonvulsant therapies.

SpccificaIly, the meta-analyses found the following: 1) study reporting was often poor-

vague deseriptions of methods restricted assessment of study qudity and incomplete

reporting of results made many reports unusable; 2) there was no indication of increased

risk of congenital malformation among offspring of women with epilepsy not taking

anticonvulsants during the first trimester; 3) first trimester anticonvulsant monotherapy

was associated with an approximately a doubling of congenitàI malformation risk relative

to no anticonvulsant exposure; 4) available published data are insufficient to demonstrate

statistically significant differences in overall malformation risk among the various

monotherapies commonly in use, although phenobarbital and carbamazepine appear to

have the lowest risks: 5) !wo drug therapy is associated with a 20 % increase in

malformation risk relative to monotherapy; and 6) three-drug therapy is associated with

more than a two-fold increase in risk relative to monotherapy. Although confounding

I;y type and severity of epilepsy may play a role, the results suggest that women with

epilepsy who are considering pregnancy not he treated with anticonvulsant polytherapy,

panicularly with three or more types of anticonvulsants.

The Saskatchewan study yielded results reasonably consistent with those of the meta

analysis. However, evaluation of the drug-reproductive outcome dataset raised questions

about the utility of Saskatchewan Health's databases for pharmacoepidemiologic research

into congenital anomalies. Although the linked dataset was created, a comparison of the
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Saskatchewan congenital anomaly binh pre\'alcnccs to thosc in other Canadian

hospitalization-based congenital anomalies reponing systems suggested that ;ll1omalies

were likely to be significantly underreponed in SHSP's admission/discharge da~lbase.

Funhermore. Saskatchewan Hcalth's contidentiality policies resulted in sc\'ercly limited

access to the data. making proper epidcmiologic analysis most difticult.

Recommendations

1. It is likely that meta-analysis will play an inclcasingly important role in the

epidemiologic evaluation of many risk factor-adverse hcalth outcome issues where it is

difficult to undenake studies with adequate statistical power. When this is the case. as

it is with the issue of anticonvulsant teratogenicity. it is imperative that study reponing

be improved so that the results of different studies can be consolidatcd. In panicular.

with anticonvulsant studies it is imperative that the number of women on cach

anticonvulsant therapy is clearly presented along with the specific outcomes. evcn though

little evaluation on an individual study basis will be possible.

2. The decision to treat a woman who has epilepsy with antiepileptic therapy which

involves more than two types of anticonvulsants during the first trimester of pregnancy

should be very carefully evaluated, and avoided if at all possible. Funher studies will

be required te elucidate the relationship of epilepsy type, severity and polytherapy, and

the relative teratogenicity associated with specific polytherapies. Obtaining more details

concerning specific anticonvulsant therapies and malformation risk from the authors of

studies which were incompletely reported would also contribute to clarifying risks.

3. Congenital anomaly reporting on SHSP's admission-separation records requires funher

evaluation before more research into materna! drug use and congenital anomalies should

be undenaken using the linked database. The underreporting of anomalies needs te be

evaluated at the ICD 4-digit level after suitable code melding for individual cases has

been done. A reabstraetion study would be required to pinpoir.t when and how often
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congenital malformations do not get codcd on the abstract. SHSP needs ta increase the

number of discharge diagnoses fields on the admission-separation form and in the

databasc as weil as finding ways to ensure that personnel completing discharge

summaries make sure that anomalies reportcd on the hospital chart are recorded on the

discharge summary.

It is not c1car that an casy solution is available for the existing database. Therefore,

careful consideration of the potential bias that may be introduced by missing diagnoses

must bc carefully evaluated in any study undertaken using the existing database.

4. Saskatchewan Hcalth should give strong consideration to modifying the restrictive

policics regarding data acccss, i.e. only aIlowing release of data as summary cross

tabulations. ConfidentiaIity is a very important concem. However, epidemiologists

rcgularly use data of equaI sensitivity in the form of individuaI records, generaIly

anonymizcd but often with identifying information, without breaches of confidentiaIity.

The current policy seems excessively restrictive, may limit the number of researchers

intereslcd in using the databases and increases the probability of undetected errors which

could threaten the integrity of study results.
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STATEMENT Of ORIGINALITY

At the time this study was begun. the potential of the Sask:ltehewan datahases for

pharmacoepidemiologic study had been n:cognised. Howe\"er. this study was one of the

first large-scale cross-database linkages undenaken using the Saskatchewan He.alth

databases and the first large epidemiologic study to use the datahases to study

prescription drug teratogenicity. Therefore. 1 was required to design the study and

formulate the detailed logic required to implement the design in order to efticiently

access and link the databases. 1 wrote the tlowcharts and provided detailed program

logic for the more than 15 computer programs required to se."lrch. extract. son. merge.

check, consolidate and categorise the drug and hospital data for the 125,000 pregnancy

outcome cohort. Saskatchewan Health's confidentiality rules restricted me from actually

doing the record-linkage computer programming, so my instructions wcre carried out by

a computer programmer working for Saskatchewan Health. The anticonvulsant study

undertaken from cross-tabulations received from Saskatchewan is one of onIy a few

large-scale population-based studies of anticonvulsants and birth defects.

The meta-analyses contribute important knowledge to the anticonvulsant teratogenicity

issue because they are the first analyses to systematically consolidate and appropriately

quantify the existing epidemiologic literature. In particular, the second meta-analysis

has synthesized the published literature in a way not previously done--by systematically

contrasting the risks associated with specifie anticonvulsant therapies. This analysis

should be of direct and specifie use to the clinician attempting to decide on appropriate

anticonvulsant therapy for a women with epilepsy considering pregnancy.

When 1 conceived and undertook the meta-analyses, there were few examples in

epidemiology of the use of meta-analysis to consolidate information that did not come

from randomized controlled trials. l came up with the idea, designed the meta-analyses,

did the analyses and wrote the papers. Dr Sherman provided only minor guidance and

editorial feedback.
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1 conccivcd the idca for the confidence band technique for improving the gnphical

presentation of a series of confidence intervals. 1also formulatcd the computer program,

providcd substantial fccdback on refinements to the visual presentation as the computer

program was developcd, and wrote the paper. Jocelyn Rouleau wrote the code for the

computer program. The technique 1 have developed is a substantial improvement over

existing graphical display techniques uscd to present a series of risk estimates. Because

in many epidemiologic studies the results are presentcd as a series of risk estimates and

confidence intervals, 1 am optimistic that the technique will gain considerable currency.

ln conclusion, this dissertation contributes new knowlcdge to the field of

pharmacocpidemiology by testing the utility of using Saskatchewan Health 's prescription

drug and hospital databases for teratogenicity research and by synthesizing the results of

the existing epidemiologic studies of anticonvulsant teratogenicity. The confidence band

technique is a distinct contribution to the area of graphie presentation of epidemiologic

results.
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APPE1I.'DIX A

The prevalence ofindividual identifiers in Sask:ltchewan Hi\lRI admission/di-.charge

summary data including a diagnosis for a congenital anomaly 1978-1988.
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• Table A.l

Prcvalcncc 01 identilicrs in Hospital Medical Records Institute dataset
for admission/discharge summaries which included a binh delcct
diagnosis in the lirst year of lile - Saskatchewan 1978-1988.

Hospital
Insurance Postal Total

Year Numbcr Geocode Gode Records
Gount Percent Gount Percent Gount Percent Gount

78 0 (0.Oq/o) 0 (0.0%) 0 (0.0%) 9
79 0 (0.0%) 0 (0.0%) 0 (0.0%) 66
80 0 (0.0%) 0 (0.0%) 0 (0.0%) 227
81 0 (0.0%) 0 (0.0%) 0 (0.0%) 495
82 0 (0.0%) 0 (0.0%) 17 (2.3%) 745
83 7 (0.6%) 30 (2.5%) 85 (7.1%) 1.198
84 84 (5.5q~) 192 (12.5%) 272 (17.%) 1,535
85 279 (16.9%) 749 (45.4%) 362 (21.5%) 1,650
86 583 (35.9%) 731 (45.0%) 735 (45.3%) 1,624
87 629 (40.3%) 781 (50.1%) 799 (51.2%) 1.560
88 754 (63.1%) 532 (44.6%) 891 (74.6%) 1.194

Total 2.336 (22.7%) 3.015 (29.3%) 3.161 (30.7%) 10.303
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APPENDIX B

Differences in Anomaly Ascertainment - Ontario 1973-1977 ,'ersus Ontario 1978

1988

Ascertainment plays a key role in explaining reportcd differcnces in birth dcti..'Ct r;\les.

ln this appendix, differcnces in asccrtainment arc cxamined for two qllite different

ascertainment schemes in Ontario, the mlllti·source system prior to 1979 withollt

automated searching of hospital discharge records and the system after 1978 bascd

exc1usively on automated search of HMRI admission/discharge abstract data.

In Table B.1.1 the birth prevalences of 57 specitic and 15 sllmmary birth dcfect

categories developed by CCASS for routine monitoring are compared for the Ontario

1973-1977 system and the HMRI-based 1978·1988 system. The differcnccs in birth

prevalence are plotted in Figure B.I after sorting the defects in the order of decrcasing

percentage differences in birth prevalence. To make an approximate adjustment for trend

over time in the defect ascertainment, risk differences between 1979-1981 and 1986·1988

were subtracted from the overall difference.

In ail but eight of the categories the birth prevalence is lower in the eartier system.

Two-thirds of the defects are reported at least 25% less often prior to 1978. Several of

the defects where a higher de-trended rate is reported before 1978 such as anencephaly,

spina bifida and stillbirths probably result because the trend changed after 1978. In the

case of cystic kidney, other urinary anomalies and autosomal syndromes, changes in

technology greatiy improved ascertainment during the 1980'5.

204



• Table B.'

Differences in congenital anomaly ascertainmnet - Ontario 1973-1977
relative to Ontario 1978-1988

Congenital Anomaly Percentage
Birth Prevalences Differences
Ratell 0,000 Iivebirths Adjusted for Trend

1973-77 1978-88 1973-77/1978-88

Anencephalus & similar anomalies 7.8 4.3 40%

Spina bifida 11.9 8.8 10%
Encephalocele 1.7 1.7 -9%
Microcephalus & brain reduction 3.5 6.4 -63%
Congenital hydrocephalus 10.0 9.5 -18%
Other specified & unspecified CNS an 1.1 7.2 -66%
Anophthalmos, microphthalmos 0.7 1.3 -64%
Other eye anomalies 2.4 6.1 -64%
Anomalies of ear causing impairment 0.6 0.7 -14%
Other ear anomalies 6.0 6.8 -37%
Anomalies of face & neck 2.8 5.2 -58%
Common truncus 0.6 1.2 -47%
Transposition of great vessels 2.5 4.8 -55%
Tetralogy of Fallot 1.3 3.6 -22%
Ventricular septal defect 11.4 23.8 -48%
Atrial septal defect 3.2 12.2 -75%
Endocardial cushion defects 0.5 4.2 -88%
Heart valve anomalies 2.5 7.6 -67%
Other heart anomalies 24.5 25.0 -5%
Patent ductus arteriosus 4.1 20.5 -84%
Coarctation of aorta 2.4 4.3 -50%
Other anomalies of aorta 0.8 2.5 -101%
Pulmonary artery anomalies 2.1 10.7 -129%
Other circulatory system anomalies 2.7 12.8 -76%
Nose anomalies 1.9 3.1 -30%
Lung agenesis &hypoplasia 3.1 5.5 -23%
Other respiratory system anomalies 1.0 3.3 -61%
Clef! palate 5.8 6.3 -31%
Cleft Iip 4.5 3.6 17%
Clef! palate with clef! Iip 6.3 7.0 -27%
T-E fistula, esophageal atresia &ste 2.5 3.0 -31%
Other upper alimentary tract anomali 23.5 36.2 -54%
Intestinal, anorectal atresia &stenosi 4.5 4.7 -19%
Other digestive system anomalies 4.1 11.8 -71%
Hypospadias, epispadias 14.9 25.5 -60%
Other genital organ anomalies 6.2 9.4 -56%
Renal agenesis & dysgenesis 2.4 4.0 -40%

• Cystic kidney disease 1.3 2.4 33%
Other urinary system anomalies 5.3 11.1 7%
Congenital dislocation of hip 16.5 42.0 -35%



• Table B.l (continued)

Congenital Anomaly Percentage
Birth Prevalences Differences
Rate/l 0.000 livebirths Adjusted for Trend

1973-77 1978-88 1973-77/1978-88

Clubfoot 32.2 48.7 -56%
Polydactyly, syndactyly 12.6 15.5 -49%
Limb reduction anomalies 3.6 4.2 -33%
Other musculoskeletal anomalies 1.5 27.8 -103%
Anomalies of integument 1.9 4.9 -7%
Down syndrome 8.6 12.0 -17%
Autosomal syndromes 2.3 1.0 140%
Sex chromosome conditions 0.5 1.2 -53%
Other & unspecified anomalies 10.1 14.2 -40%

Summary Categories

Cases 233.2 384.8 -46%
Ali anomalies 279.9 520.1 -550/0
Central nervous system 33.7 33.7 -150/0
Eye anomalies 3.0 7.0 -610/0
Ear, face & neck anomalies 9.0 12.3 -430/0
Congenital heart defects 41.9 60.2 -210/0
Circulatory system anomalies 7.7 27.7 -940/0
Respiratory system anomalies 6.0 11.8 -350/0
Clef! Iip and/or palate 16.6 16.9 -200/0
Digestive system anomalies 34.2 53.6 -510/0
Genital organ anomalies 20.8 34.5 -590/0
Urinary system anomalies 8.3 15.5 50/0
Musculoskeletal anomalies 64.5 158.9 -700/0
Other chromosomal anomalies 2.8 4.6 -260/0
Other & unspecified anomalies 12.0 19.0 -340/0

•



• •
Fig 8.1 Differences in Ontario anomaly
ascertainment rates 1973-77 relative to

1978-1988, adjusted for trend
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APPE:-.lDIX C

Saskatchewan SHSP Congenital Anomaly Recode Validation Study

Bcfore September 1979. ICO coding was done according to lCO-S, after that date the

lCO-9 system was uscd. Computer equivalencing of lCO-S to ICO-9 had been done at

SHSP for the data up until September 1979, so the validation study involved lCO-9

coding only. There were quite limited changes between the eight and ninth revisions of

the lCO for the congenital anomalies chapter and only a few anomalies caused

cquivalcncing problems. None of the recoding problems discovered involved an

equivalencing problem and the recoding of records from the lime before September 1979

indicated that among the anomalies observed the equivalencing had becn correctly done.

Table C.I summarises which records were chosen for extraction and comparison. The

summary results of the comparison of the machine-readable and recoded anomalies are

presentcd in Table C.2. In 210 of the 234 (90.5%) records, the anomalies recorded were

identical between the SHSP computer file and the recode done from the copy of the

microfiche. In 22 records (9%) the anomalies were recoded differently. In l40fthese

records the difference was only at the fourth digit of the code, in eight of the records the

codes did not agree at the three-digit level. Tables C.3 and C.4 provide details of the

differences in codes that were observed in the comparison. For sorne of these codes

choosing the correct code at the four-digit level can be difficult and discretionary when

only a two or three word description is available.

The recoder was also able to code 17 additional anomalies that had appea.""CC! on the

separation form but could not be accommodated on the computer record which was

limited to two diagnostic codes, one of which was often a birth code or other infant

problem. Twelve of these anomaly codes were different at the three-digit level from the

209
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anomaly or anomalies already coded for that record. Where anomalies were reclxJed

differently or another new anomaly was found, the analysis datasct was updated to rell""t

the more accurate or complete data.
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Table C.l

Descriplion of the , 82 infants with anomalies used in the validation
study to compare anomaly descriptions on hospital discharges with ICD
coding on Saskatchewan Hospital Services Plan machine-readable
records

Parent's
anticonvulsant 1st trimester Phenobarbital only
prescription history anticonvulsant
1976-1983 exposure No Yes Total

None 50

Mothers Not exposed 24· 31 55
Exposed 21 10 31

Total 45 41 86

Fathers Not exposed 31 7 38
Exposed 8 0 8

Total 39 7 46

Total infants 182
Total discharge summaries examined •• 234

• Number of infants with anomalies selected (includes infants with minor
anomalies later removed from birth defect analysis)
•• On average there were 1.28 hospital discharges with anomalies noted per child.



• Table C.2

Saskatchewan anomaly validation study - Comparison of hospilal
discharge summaries with Saskatchewan Hospital Services Plan
machine-readable records for 234 records reporting anomalies - SlIl11l11alY

Records checked

Original codes and recodes agree

Codes different at 4th dig;( only
Codes different at 3rd digit

Codes different

Additional codes discovered in recode·
Different at 4th digit only
Different at Srd digit

Total

Number

234

212

14
8

22

5
12
17 ....

Percent ot
total 1ecOl ds

( 90.5%)

( 6.0%)
( 3.4%)
( 9.4%)

( 2.1 %)

( 5.2%)
( 7.3%)

•

• anomalies reported on discharge summary were not reported on
machine-readable record

•• 17 codes for 15 infants



• Table C.3

Congenital anomalies not reported on Saskatchewan Hospital Services Plan machine
readable record but present on the hospital discharge summary

Existing
defect code(s)"

7492
7590

7451,7454
745

7453
7468
7455
7454
7454
7559
7597
7597
7515
7580

7456,7468
Total 17

Code(s)
not reported

7454
3795
7460
7470
7451
7566
7466
7423

7451,7473
7543
7410
7421
7512
7468

7466,7580
17

Description on paper abstract

Interventricular septal defect
Congenital nystagmus
Pulmonic stenosis
Patent ductus arteriosus
Transposition of great vessels
Diaphragmatic hernia
Mitral incomplete
Hydrocephalus
7451,7473

7543
7410
7421
7512
7468

7466,7580

Different
at 3 digits

y

N
Y
Y
N
Y
Y
Y
Y
Y
Y
Y
N
Y
Y

12

•

• on machine-readable records
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Table CA

Code conflicts between Saskatchewan Hospital Services Plan macl1ine-r ,'adallie ,,'coleis
and recoding lrom admission-discl1arge abstracts

Machine-readable Samt." at
code Recode Description on abstl act 3 d'n't

7421 7422 7422 Y

7424 No description or code on abstract
7424 7422 7422 Y

7436 7438 7438 N
7443 7441 7441 N
7455 7450 7450 Y

7468 7451 7451 Y

7483 7528 7528 Y

7525 7545 7545 Y

7543 7547 7547 Y

7546 7547 elbow N
7547 7548 transposition 01 great artery N
7547 7548 hip N
7555 7548 elbow vs limb N
7555 7548 7548 Y

7556 7556 specilied vs unspecilied Y

7556 7556 cranial stenosis y

7559 7560 syndrome & trisomy N

7565 7560 7560 N
7582 7560 provisional diagnosis N

7596 7582 7582 Y

7597 7585 7585 Y--_. - ----

Total 12/22



•

•

APPE:"DlX D

Confidence Bands: Improved Graphical Presentation of Multiple
Confidence Intervals

Kenneth C. Johnson and Jocelyn Rouleau

Birth Defects and Poisonings Section
Diseases of Infants and Children Division
Bureau of Chronic Disease Epidemiology
Laboratory Centre for Disease Control

Health Protection Branch
Health and Welfare Canada

Abstr:lct: Plotting point estimates and confidence intervals is often a useful technique for

understanding and presenting epidemiologic data. In meta-analysis the technique has

been used to particular advantage. However. current presentation techniques result in

graphic representations of confidence intervals that poorly reflect important underlying

characteristics of the intervals. Plotting confidence bands is an attempt to present a

series of confidence intervals in a more visually appropriate and thus more analytically

useful way. The heights and shadings of the confidence bands are used to reflect,

respectively, the precision of the risk estimates and the probability function associated

with the confidence interval.

Keywords: confidence intervals, epidemiology, graphics, meta-analysis.
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"Humans drew before they wrote. For much of our brain. 1 suspect.

drawing is thinking. lt may be that computers will be relc..sing that

brainpower in the next few years, as wc leam to express oursclvcs

graphically as easily as we use the car or te1ephone."

Stewart Brand'

" Furthermore, of ail methods for analyzing and communic..ting

statistical information, well-designed data graphies are usually the simplest

and at the same time the most powerful."

Edward R Tufte2

Introduction

Point estimates and confidence intervals are the main statistical measures for presenting

results in much epidemiologic research. When several confidence intervals and point

estimates are involved, plotting the estimates and intervals allows one to present a large

amount of information in a concise way.

Where the estimates and intervals come from different studies, as in meta-analysis,

graphic presentation allows studies to maintain their individual integrity and unlike most

statisticaI synthesis, no assumptions about homogeneity are required. The results can be

"seen" and are not buried in statisticaI caIculations. Furthermore, the reader can

informally evaluate "what if" scenarios by removing specifie intervals or by grouping or

by ordering them according to specific criteria. Graphic presentation has been used to

advantage in a number of meta-analyses of the results of controlled trials of health care"·4

and to evaluate risk factors for diseaseS·6
•

Galbraith has suggested improvements to the graphicaI presentation of confidence

intervals7 while Walker et al. have suggested a different way of using them in analysis".

The Early Breast Cancer Trialists' Collaborative Group plotted a confidence interval for

each trial in a summary comparison and used a shaded square for the point estimate
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which was sizcd according to the studies' variance..·•

ln 1987, Poole suggestcd that plotting confidence intervals as a p-value function provided

a more uscful and appropriate display of the statistical information contained in a

confidence interval. lU More recently Sullivan and Foster have demonstrated the use of

the confidence interval function and have made software available." Although the

function and software are a most welcome addition to the presentation of individual study

rcsults. their practical use in meta-analysis or for reporting a number of confidence

intervals is questionable because of the space they require, the complexities of visual

overlap that often result and problems of relative visual attention discussed below.

Limitations of Current Presentation Methods

In this paper we present a number of refinements to the graphic presentation of severa!

confidence intervals which solve three major graphic limitations with the way they have

generally been presented to date. The problems are:

1) a confidence interval drawn as a line fails to visually express the probability

function which underlies a point estimate and confidence interval;

2) the quantitative importance of a particular point estimate is related to the inverse

of the length of the confidence interval, whereas the visual impact of the interval

is related directly to its length; and

3) it is difficult to compare the differences in precision of intervals with different

lengths.

The first problem tends to makes one visualize the whole confidence interval as of equal

probability; the second problem results in the natura! tendency to focus one's visual

attention on the less precise and thus less informative intervals; the third problem makes

it difficult to sec the relative contribution of various studies to a summary risk estimate.

The result is that often a graphic presentation of results, although a tremendous
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improvement over a table of point estimates and contïdencc intervals. is still diftïClllt to

"see" and interpret readily--particlilarly where there are a number of intel"\'als of

disparate size and varying risk.

The widespread use of high quality laser prinlers provides the opportunity to impwye the

graphie presentation of results using the following graphical proc<:dllre.

Improvements in Graphical Presentation

The graphical presentation of a series of confidence intervals has becn improved in the

following ways:

1) The \ine used to represent the interval has becn replaced by a band made up of a

series of shaded rectangles such that values in the confidence interval function with

higher probabilities are darker. (Sec Figure 1.)

2) The height of the band correlates with the precision of the risk estimate. The "visual

importance" or "visual attention" that an interval receives is thus correlated with the

precision of the risk estimate. The precision of an estimate is displayed as a one

dimensional linear measurement.

3) The point estimate and the 95% limits are not highlighted. This reinforces the fact

that the interval is a continuous function, the actual underlying risk is unlikely to be the

actua1 point estimate, and that the specifie intervallimit cutoff(i.e. 95%) is an arbitrary

choice.

4) In situations where a summary risk estimate is appropriate, the precision of the plotted

summary risk estimate can be compared directly to the precision of the individual study

risks from which it is created.

Graphical Methods

In this a1gorithm, confidence band heights could be calculated by various schemes

including the variance of the estimates", according to the weights calculated for each
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strata to combine strdta in a Mantd-Haenszel summary risk estimate", or other schemes

for combining risk estimates'. Heights are scaled so that the individual risk estimate with

the most precision is given a height close to the heighl chosen for each line of data.

Altemativcly, the height couId be used 10 represent study quality, with the studies with

the highest quality score represented by the tallest bands.

The results arc generally displayed on a log scale in the horizontal dimension to balance

the visual distance of an estimate from the null for estimate increases or decreases of

similar value?, for example a doubling or halving of the risk. In a series of confidence

intervals where few of the 95 % limits extend below .1 or above 10, the algorithm

truncatcs the intervals and expands the scale, improving readability of the plots. Where

both case-referent data and cohort data are to be summarised on a graph, study weights

arc calculated according to the methods described in the appendix of the paper by Wald

ct al'.

Visual Presentation - Technical Details

The graphs were produced on a Hewlett Packard LaserJetIli printer using Hewlett

Packard's Primer Control Language. Sorne people find the graphs somewhat difficult

to look at because they appear slightly fuzzy. We have found that once one is familiar

with the graphs, this is no longer a problem. One option would be to use continuous

grey scaling (available in popular graphies software such as CorelDRAW) to draw the

confidence bands, but our experimentation with continuous grey sca\ing resulted in only

a marginal improvement in the look but a more involved process.

Meta-AnalysÎS Examples

Figure 2 is reproduced from the rneta-analysis of Wald et al on the relationship between

passive tobacco smoke exposure and lung cancer.S The wide confidence intervals of the

small studies tend to swamp and take attention away from the narrower confidence
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intervals of the few larger studies.

Figure 3 presents the same data using the conlïdence band algl'rithm. \Vith the

confidence bands, one's eye is immediate1y allracted to the more prL'cise stlldies anù to

the most important part of the conlïdence intervals. Studies with the lowest prL'Cision

(the thin long lines) are virtually ignored by thc cyc. Thc relative prL'Cision of thc morc

important intervals--difficult to pick out l'rom their logged Iength--can hc quickly

evaluated l'rom their band heights which arc plOllCd on a line.lr scale.

The Early Breast Cancer Trialists' Collaborative Group has prescntL'd graphic sllmmarics

of their overview results of randomized controlled trials of treatment of c.'lrly brc.'lst

cancer"·9. (See Figure 4.) They use black squares for point estimatc indic.'ltors which are

sized according to the variance of the individual study. Although this presentation is a

clear improvement over traditional representation, the following visual limitations still

exist:

1) Individual's interpretation of the relative areas represented by different sizcd

boxes vary. Comparing areas is more difficult than comparing heights. As Tufte

has pointed out, "there are considerable ambiguities in how people perccive a two

dimensional surface and then convert that number into a one-dimensional numbcr.

Changes in the physical area on the surface of a graphie do not reliably produce

appropriately proportional changes in perceived area"2.

2) The more informative the study, the wider the point estimate appears, when in

fact the tighter the interval will be and more precise the point estimate. ln fact,

in sorne of the graphs presented, the point estimate square is wider than the interval

with which it is associated.

3) The summary interval containing the most information has the wcakest visual

presentation of any of the intervals while it is clearly the interval containing the
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mast information .

In Figure 5 these studies are replolled using confidence bands. An option in the program

allows one to present the data subdivided into groups according to sorne study

characteristic (in this example planned duration of tamoxifen use), each with a typical

odds ratio.

Other Applications

A series of crude and adjusted risk estimates and 95 % confidence intervals are often

prescnted in epidemiologic studies. In case-referent studies, the risks associated with a

number of potential risk factors are often presented, while in cohort studies the risks of

a series of different diseases are presented according to exposure Status. Graphie

presentation generally makes it faster and easier to "see" and get a fcel for the magnitude

and precision of a series of risks than through a table. As weil, it down plays the role

of specifie confidence limits and point estimates.

An example of a series of risks of different health outcomes is presented in Figure 6

which describes the birth defect experience in one municipality relative to a referent

population. Because graphie presentations can often be reduced to quite a small size,

confidence bands like in Figure 6 could be produced for a series of municipalities and

presented to advantage in a confidence band matrix, by placing size-reduced plots for

different places beside one another like a table (i.e specific birth defects (rows) by

specific regions (columns). In this way a large amount of data could be presented in a

particularly concise, informative and easy-to-see manner.

Discussion

We fcel that the confidence band is a useful technique for presenting a series of

confidence intervals which has inherent visual advantages over plotting confidence
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intervals or contidence interval functions. The technique is particu\ar\y usefu\ for mcta

analysis but is potentially useful in many applications. Wc think that contidcnce b;md

presentation of results will facilitate investigator understanding of the quantitative

dynamics of the studies that go into a synthesis and enhance the mes$.'ge the re.aders of

an article will receive.

In an informaI visual survey of recent issues of several leading cpidemiologic joumals.

the authors noted that the publication prevalence of graphic.1.1 presentation was low while

the use of tables was epidemic. Because we believe that in many situations "graphies

reveal data"2 better than tables, we hope that this contidence band algorithm will be a

tool that encourages epidemiologists to present results graphically.

Note: C.IT source code for creating confidence band graphs from user provided point

estimates and confidence intervals is available from the authol'S. The main control

program is written in the fourth generation database language Sculptor. All output is

produced using Hewlett Packard's Printer Control Language. The program l'Uns on an

IBM-eompatible microcomputer.
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• FIGURE 1. Confidence interval function with two~sided

confidence levels and P~values: risk ratio 
2.0, standard deviation = 0.354.
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• Figurc 2: Passivc sl110king and Jung canccr l11cta-analysis (Wald ct al.,
British ~Icdic:lI Journal. 1936)
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• Figurc 3: Passivc Smoking and Lung Cancer l\1eta-Analysis
(Wald ct al., British Medical Journal 1986)
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• Figure 4: Monality (ail ages) in tamoxifen trial~. ~llbJi\'ideJ by ~dlc'Jllkd
tamoxifcn Juration (EBCTCG. Lan.:et 1992)
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Fi~urc 5: :\')ortality (ail a~cs) in Tarnoxifcn trials, Suhdividcd hy
Schcdulcd Tamoxifcn Duration (EBCTCG, Lancct 1992)
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Figurc 6: Birth Ikrcet Birth PI'cya1cnl'l.' Ratios fOI'
Pickcring (1973-1988). Rcfcn'nel' all Ontario (197,~-l9SS)
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