
Introduction

An apparent decline in the newborn incidence

of neural tube defects has recently been reported

in British Columbia (Hall et al. 1988; Chambers

et al. 1994; Health Status Registry 1999), else-

where in Canada (Lowry 2001; Health Canada

2002; Gucciardi et al. 2002; Persad et al. 2002;

De Wals et al. 2003), in the United States

(Stevenson et al. 2000; Honein et al. 2001; CDC

2005; Feldkemp et al. 2002; Williams et al. 2002)

and other countries (Castilla et al. 2003).

The Province of British Columbia (B.C.) has re-

ported a significant decline in NTD incidence from

1.25/1000 in 1958–1984 to 0.77/1000 in 1997–1999

(Hall et al. 1988; Health Canada 2002). After a de-

cade of public health initiatives recommending daily

folic acid (FA) supplementation and food fortifica-
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tion (CDC 1992; Oakley 1993; Van Allen et al.

1993; Wilson and Van Allen 1993), the declining

NTD incidence has stimulated optimism that ef-

forts for primary prevention are having an effect

(Oakley 2002; Brent et al. 2000; Gucciardi et al.

2002; Health Canada 2002; Stevenson et al. 2000;

Feldkemp et al. 2002; Persad et al. 2002; De Wals

2003; Oakley et al. 2004).

Concurrent with FA public health initiatives,

however, there is increasing utilization in B.C.

of prenatal screening for detection of NTDs

and other congenital anomalies by using 2nd tri-

mester fetal ultrasounds (US) and maternal triple

marker screening (TMS) (Cochrane et al. 1996).

The limitation of many of the recent publications

evaluating the impact of FA initiatives on the NTD

incidence is incomplete ascertainment of aborted

NTD-affected fetuses diagnosed with prenatal

screening. Several recent studies have evaluated

these issues, and found significantly higher NTD

incidences when there is more complete ascertain-

ment of NTD-affected fetuses (Feldkamp et al.

2002; Health Canada 2002; Lowry 2001; Ethen

and Canfield 2002; Persad et al. 2002).

Although one could speculate that the decline

in the B.C. NTD birth incidence is due to FA ini-

tiatives, incomplete ascertainment of prenatally

diagnosed NTD cases must be also considered as

a contributing factor. Like many other registries,

the B.C.H.S.R. excludes fetuses <500 g

and/or < 20 weeks gestation in order to avoid over-

estimating the birth incidence of anomalies by in-

clusion of spontaneous losses. As a result, many

otherwise viable NTD-affected fetuses may not be

reported to the B.C.H.S.R. because detection

and therapeutic abortions (TAB) often occurs be-

fore 20 weeks gestation. Other factors contribut-

ing to underreporting of cases to the B.C.H.S.R.

are privacy issues surrounding selective preg-

nancy termination of a fetus with structural anom-

alies; fetal anomalies identified by ultrasound may

not be confirmed post-delivery due to the method

of pregnancy termination; and/or limited access to

fetal autopsy services in community hospitals may

result in incorrect or no diagnosis.

In this study, the impact of prenatal screening

for NTD-affected fetuses on the outcome of preg-

nancies and on the B.C. birth incidence is evalu-

ated. The availability of autopsy and newborn

medical records on almost all cases provides addi-

tional information on the changing incidence

of specific types of NTDs, site of involvement,

the presence or absence of associated structural

anomalies, maternal use of periconceptional folic

acid supplementation, and parental prenatal deci-

sion-making.

Material and methods

This is a descriptive, population-based study

of NTD-affected births in British Columbia. In-

cluded NTD cases are anencephaly, exencephaly,

encephalocele, craniorachischisis, iniencephaly

with open cranial and/or spine defects, spina

bifida, meningomyelocele, meningocele, and lipo-

meningoceles. Excluded NTD cases are spina

bifida occulta, sacral teratomas with connections

to the spinal canal, and iniencephaly without an

open neural tube defect.

The B.C. Health Status Registry (B.C.H.S.R.)

cases are ascertained at birth, with additional in-

formation on the cases obtained from multiple

sources, including medical records during infancy.

Inclusion criteria are congenital anomalies diag-

nosed in liveborns, neonatal deaths and stillbirths

20 weeks 0 days gestation and/or 500 g. Cases

were ascertained for the years 1997–1999 by using

the following ICD-9 codes: 740 (anencephalus

and similar anomalies), 740.0 (anencephalus),

740.1 (craniorachischisis), 740.2 (iniencephaly) if

there was a neural tube defect associated with it;

741 (spina bifida, excluding spina bifida occulta);

741.0 (spina bifida with hydrocephalus) or if there

was an Arnold Chiari malformation identified on

fetal ultrasound; 741.9 (spina bifida without hy-

drocephalus); and 742.0 (encephalocele). Other

malformations included in the 742 category were

excluded because they were not considered to

have a pathogenesis resulting from failure of em-

bryonic closure of the neural tube. Cases of

lipomeningocele were included.

Medical records case ascertainment

Provincial medical, obstetrical and surgical spe-

cialty services are centralized in B.C., which al-

lows ascertainment of NTD cases from a limited

number of hospital and outpatient programs by us-

ing data bases and/or patient logs. Hospital and

program records reviewed included those at B.C.

Children’s and Women’s Health Centre in Van-

couver, including the Provincial Medical Genetics

Programme; the Spina Bifida clinic; the Centre for

Prenatal Diagnosis and Treatment; the Fetal Diag-

nostic Services Clinic; the Fetal Pathology Ser-
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vice; and the division of Paediatric Neurosurgery.

In Victoria, the reviewed records were from

the Medical Genetics, Perinatology, and Spina

Bifida Clinic programmes at Victoria General

Hospital.

Case selection

Cases included are all NTD-affected fetuses born

following TABs, stillbirths, and newborns born to

mothers residing in B.C. Cases excluded were

spontaneous abortions (SABs) < 20 weeks gesta-

tion and offspring of women from out of province

delivering in B.C.

Results

Cases ascertained: A total of 151 NTD-affected

pregnancies were identified during the study pe-

riod and their outcome is summarized in Table 1.

The difference in cases ascertained by

the B.C.H.S.R. and Health Centre medical records

review is summarized in Table 2. Duplicate entries

were determined by cross-referencing mother’s

name, date of birth and personal health numbers.

A total of 47% of identified NTD cases were not

reported to the B.C.H.S.R. The B.C.H.S.R. NTD

incidence determined by this study is lower than

published incidence because non-NTD cases were

excluded (e.g. hydranencephaly, cranial teratoma,

iniencephaly without an open neural tube defect).

All missed cases not entered in the registry were

fetuses < 20 weeks gestation. Review of medical

records identified 95% of the total B.C. NTD

cases. Cases identified by the B.C.H.S.R. but not

by the medical records were stillbirth fetuses 20

weeks gestation and/or 500 g delivered in rural

B.C. communities.

Medical records were available for review on

144/151 (95%) of the cases, allowing for a more

detailed analysis. All of these cases had results

of autopsy and/or medical evaluations in the neo-

natal period allowing for further analysis. Table 3

summarizes the incidence of different types of

NTDs involving different NT closure regions. Ta-

ble 4 summarizes the types of NTDs and associ-

ated non-CNS structural anomalies, Table 5
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Table 1. Outcome of the 151 NTD-affected pregnancies identified in British Columbia

Pregnancy outcome 1997 1998 1999 Total

Stillbirths 5 4 4 13 (8.6%)

Therapeutic abortions 34 22 34 90 (59.6%)

Livebirths 11 13 24 48 (31.7%)

Total 50 39 62 151

Table 2. Case ascertainment of NTD births from the B.C.H.S.R. and from medical records from B.C. Health

Centres, B.C. births, and NTD incidences

Source
Number of NTDs Incidence of NTDs per 1000a

1997 1998 1999 Total 1997 1998 1999 Mean

B.C.H.S.R.b 25 22 33 80 0.56 0.51 0.78 0.61d

Health Centresc 48 33 58 139 1.07 0.76 1.38 1.07

Total NTDs 50 39 62 151 1.11 0.90 1.47 1.16
aCalculated basing on total numbers of B.C. births: 44 734 in 1997, 43 141 in 1998, and 42 040 in 1999; b B.C.H.S.R. registers livebirths, still-

births, and TABs 20 weeks gestation and/or 500 g birth weight; c Health Centre medical records identifies livebirths, stillbirths, and all TABs

referred for medical services; d This incidence is lower than the published incidence of 0.77/1000 (Health Canada 2002) because in this study

incidence excludes all TABs under 20 wk/500 g and excludes malformations that do not fit the study criteria

Table 3. Numbers of NTD by site of involvement (all identified cases)

Site of involvement
Number of NTDs Incidence of NTDs per 1000a

1997 1998 1999 Total 1997 1998 1999 Mean

Anencephaly 17 12 28 57 0.80 0.28 0.66 0.44

Encephalocele 6 4 6 16 0.13 0.09 0.14 0.12

Spina bifida 27 23 28 78 0.60 0.53 0.66 0.60

Total NTDs 50 39 62 151 1.11 0.90 1.47 1.16
aCalculated basing on total numbers of B.C. births: 44 734 in 1997, 43 141 in 1998, and 42 040 in 1999



summarizes the type of NTD anomalies in the con-

tinuing pregnancies following prenatal diagnosis.

Demographics: The study mothers had a mean

age of 30.45 years (range 1842) and a mean of

2.42 pregnancies (range 16).

Prenatal diagnosis (PND) with ultrasound con-

firmation of anomalies was reported in the records

of 86.1% (124/144) of pregnancies, or 82%

(124/151) of the entire cohort. Eighteen percent

(27/151) of pregnancies had no reported prenatal

testing and continued to term presumably unaware

of the fetal concerns. Through medical records

it was identified that 2 cases (2/124; 1.6%) had

prenatal screening with ultrasound in the commu-

nities and the anomalies were not identified.

One of these newborns had a skin-covered

lipomeningocele in the lumbosacral area.

The other had a small meningocele in the sacral

area.

Pregnancy planning following prenatal diag-

nosis: All NTD-affected pregnancies identified

prenatally were referred to specialty services

in Vancouver and/or Victoria for further evalua-

tion, diagnostic testing, counselling, and preg-

nancy management. Services consulted included

the Fetal Diagnosis and Treatment Service clinic,

perinatology, medical genetics, neurosurgery,

spina bifida clinics, and neonatology, as indicated.

Of the 124 pregnancies with NTD-affected fe-

tuses identified by prenatal diagnosis, 78.2%

(97/124) were < 24 weeks gestation, 12% (15/124)

were 24 weeks gestation, and for 9.7% (12/124)

the gestation at diagnosis was not recorded in the

medical records. A gestational age of 23 weeks

6 days was the working cut-off for availability

of pregnancy termination for non-lethal anomalies

in B.C. during the study period. In 2 cases over that

gestational age, the couples decided to deliver at

facilities in the U.S.A. offering ‘late’ TABs.

Pregnancy choices: Following comprehensive

prenatal evaluation and counselling, 72.6%

(90/124) of women chose not to continue their
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Table 4. The types of NTDs and associated non-CNS structural anomalies documented in health records of 144

cases with autopsy and/or newborn examinations

NTD
No other non-CNS

anomalies ( - )

Other non-CNS

anomalies ( + )

% with other non-CNS

anomalies

Open cranial:

Anencephaly

Craniorachischisis

Iniencephaly

33/54

32/43

1/5

0/6

21/54

11/43

4/5

6/6

(38.8%)

(25.6%)

(80%)

(100%)

Encephalocele 3/14 11/14 (78.6%)

Spinal:

Cervical

Thoraco-lumbar-sacral

Lumbo-sacral

Sacral

Lipomeningocele

53/76

0/2

8/14

37/48

3/5

5/7

23/76

2/2

6/14

11/48

2/5

2/7

(30.3%)

(100%)

(42.8%)

(22.9%)

(40%)

(28.6%)

Total NTDs 89/144 55/144 (38.2%)

Table 5. Types of anomalies in 34 pregnancies continued after prenatal NTD diagnosis

NTD site involved Continued Remaining cohort

Open cranial 7 (20.6%) 47 (42.7%)

Encephalocele 1 (2.9%) 13 (11.8%)

Spinal: 26 (76.5%) 50 (45.5%)

Cervical 1 (2.9%) 1 (0.9%)

Thoraco-lumbo-sacral 5 (14.7%) 9 (8.2%)

Lumbo-sacral 15 (44.1%) 33 (10.0%)

Sacral 4 (11.8%) 1 (0.9%)

Lipomeningocele 1 (2.9%) 6 (5.4%)

Total NTDs 34 (100%) 110 (100%)



pregnancy, 25.8% (32/124) chose to continue to

term, and 1.6% (2/124) continued to term unaware

that there were fetal anomalies.

Continuing pregnancies: Of those 27.4%

(34/124) pregnancies that continued following

prenatal diagnosis, 5.9% (2/34) resulted in still-

births and 94% (32/34) resulted in liveborn in-

fants. Of those born alive, 31.25% (10/32) were

neonatal deaths. All deaths were attributable to

medical problems related to the central nervous

system (CNS) and/or associated structural anoma-

lies (see Table 5).

The overall survival rate was 64.7% (22/34) for

continuing pregnancies and 15.2% (22/144) for

the total cohort of identified NTD cases.

Periconceptional folic acid (pcFA) and

post-pregnancy diagnosis FA (ppdFA) supple-

ment use is summarized in Table 6. PcFA supple-

ment use was documented in the medical records

of 36.4% (39/107) pregnancies. PpdFA supple-

ment use was reported by 83.1% of women for

whom information was available.

Information on FA supplement use was not re-

corded in 25.7% (37/144) medical records. To es-

timate pcFA use in the entire cohort, one approach

is to assume that FA intake of women with this in-

formation recorded in their charts is no different

than that of women without documentation.

In this case, FA use is estimated to be 36.4%. Al-

ternatively, if one assumes that women without

chart documentation of pcFA use were not taking

supplements, then pcFA intake for the entire co-

hort would be 27% (39/144).

Discussion

This study evaluates the impact of prenatal screen-

ing and selective pregnancy termination on

the birth incidence of NTDs in British Columbia.

A total of 151 NTD cases were identified, with

a 3-year incidence of 1.16/1000. There was a sig-

nificant difference in the number of NTD cases re-

ported to the B.C. Health Status Registry, com-

pared to cases identified through medical records

and cross-matched to the B.C.H.S.R. cases (see

Table 2). All unreported cases were fetuses < 20

weeks gestation and < 500 g. Partial reporting to

the registry of induced abortions resulted in a NTD

incidence that was 45.5% lower than the actual in-

cidence. Review of medical records from health

centres providing prenatal diagnosis and genetic

services did not identify 8% of NTD cases. All of

the unidentified cases were stillborns delivered in

community hospitals.

The B.C. experience of under-reporting

of NTD-affected fetuses born following induced

abortions has been a problem observed elsewhere

in North America and Europe (Stevenson et al.

2000; Cuckle and Wald 1987; Lowry 2001; Rob-

erts et al. 1994; Allen et al. 1996; Velie and Shaw

1996; Rosano et al. 1999; State Birth Defects Sur-

veillance Program Directory 2002). The U.S. Cen-

ter for Disease Control (CDC) reports that

an estimated 9–42% of NTD-affected pregnancies

are ascertained prenatally (CDC 2005).

Re-evaluation of the Metropolitan Atlanta Con-

genital Defects Program (MACDP) found that

30% of the NTD- affected babies born during

1990–1991 were not reported due to prenatal diag-

nosis and pregnancy termination (Roberts et al.

1994). Allen et al. (1996) reported that during

a 24-month period from 1992 to 1994, 83% of

the NTD-affected pregnancies were diagnosed

prenatally. Forty- nine percent of these pregnan-

cies were electively or spontaneously aborted

prior to 26 weeks gestation. Vital statistics ascer-

tained only 6% of the terminated cases identified

in their study. Ethan and Canfield (2002) reported

that the birth incidence increased by 29% for

anencephaly and by 13% for spina bifida when

elective terminations before 20 weeks gestation

were included in their NTD incidence calcula-

tions.
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Table 6. Documented use of folic acid supplementation during the periconceptional period recorded in medical

records

FA supplements 1997 1998 1999 Total

( - ) 25/50 21/36 22/58 68/144

( + ) 13/50 8/36 18/58 39/144

No information 12/50 7/36 18/58 37/144

Total taking FA

supplements

13/38

(34.2%)

8/29

(27.6%)

18/40

(45%)

39/107

(36.4%)



In this study, prenatal screening with

2nd-trimester fetal ultrasound was done on 82%

(124/151) of NTD-affected pregnancies. Follow-

ing comprehensive assessment and counselling,

72.5% (90/124) of women chose not to continue

their pregnancies. Secondary prevention using

pregnancy termination resulted in a 60% reduc-

tion, from 1.16/1000 to 0.47/1000, in the inci-

dence of vital births with NTDs.

Public health initiatives for primary prevention

of NTDs with FA supplementation and food forti-

fication continue to gain momentum. However,

primary prevention with FA has limitations: (1)

over half to 2/3 of women who become pregnant

are not taking preconception FA; (2) food fortifi-

cation with FA is estimated to provide, on average,

only half of the recommended dosage; (3) even

when there is adequate FA intake the occurrence

of NTDs is reduced, not eliminated. As such, sec-

ondary prevention using pregnancy screening and

pregnancy termination of identified pregnancies

will continue to be needed.

Following prenatal diagnosis, 27.4% (34/124)

of couples chose to continue with the pregnancy.

Couples were more likely to continue with preg-

nancies when there were less severe NT anoma-

lies, no associated anomalies in other organ

systems, if there was a normal co-twin (see Table

5), and/or they would have to go out of province

for a pregnancy termination. Among continuing

pregnancies there was a 5.9% rate of stillbirths.

Of those born alive, 31% were neonatal deaths.

All deaths were attributable to medical problems

related to the underlying CNS and/or associated

structural anomalies.

In this study, 36.4% of women for whom there

was information were taking FA with or without

multivitamins during the preconception period

(Table 6). Of the total cohort of women with

a NTD-affected pregnancy, an estimated

27–36.4% took preconception FA. Previous stud-

ies evaluating the effectiveness of FA

supplementation have demonstrated that this in-

tervention reduces, but does not eliminate, the oc-

currence of NTDs (MRC Vitamin Study Research

Group 1991; Czeizel and Dudas 1992; CDC

1992). Population studies of FA supplement use

and awareness that are similar to the U.S. studies

done by the Gallop Organization for the March

of Dimes are not available for the B.C. population

(Gallop Organization-March of Dimes 1997).

In 1992, when FA recommendations were issued,

an estimated 10% of B.C. women were taking

daily vitamins containing FA 0.4 mg. In 1998,

French and Levy-Milne (2000) found that 25.7%

of a random sample of Greater Vancouver

non-pregnant women were taking daily vitamins

and 85.7% were meeting the estimated require-

ment of 320 g/day of dietary folate equivalents.

Morin et al. (2001) reported that in 1999, 48.6%

of pregnant women attending the B.C. Women’s

Hospital clinic responded by questionnaire that

they were taking periconceptional FA. These sur-

veys are of selected populations and may not be

representative of pcFA supplement use in the en-

tire province.

The transition period for the introduction of FA

fortified flour and selected prepared foods into

B.C. occurred during the evaluated study period.

In March, 1996 the U.S. FDA approved FA fortifi-

cation of enriched grain products (0.14 mg/

100 g grain) to be implemented by January 1,

1998, with voluntary fortification allowed prior to

this date. Health Canada approved a similar fortifi-

cation plan (0.15 mg/100 g grain) to be initiated by

November 1, 1998. Because of the importation

from the U.S. of fortified food products prior to

this date, countered by the long shelf/cupboard life

of unfortified flour and cereals, it is difficult to cre-

ate an accurate time-line for when all B.C. women

began consuming FA-fortified foods. Certainly,

during the studied years, 1997–1999, there ap-

peared to be no significant decline in the NTD in-

cidence that could be attributed to the preventative

effect of FA supplements or food fortification.

Previous studies suggest that FA interventions

may have a greater impact on high versus low

NTD incidence regions (Mills et al. 1989; Berry

et al. 1999). The CDC population FA-intervention

study in China reported that the lower incidence

region of Southern China had a 40% reduction

(0.8/1000 to 0.6/1000) in NTD incidence com-

pared to an 85% decrease (6.5/1000 to 0.7/1000)

in the higher incidence region of Northern China

(Berry et al. 1999). B.C. historically has a low

NTD birth incidence as compared to other regions

in Canada, so the impact of FA public health inter-

ventions may not be as significant as in higher in-

cidence provinces. Complete ascertainment

of NTD cases is essential in order to accurately

evaluate FA public health interventions.

The strengths of this study are that it is popula-

tion-based, with cooperation between the B.C. Vi-

tal Statistics Agency and provincial medical

programs providing health care for NTD-affected

pregnancies and births. Case ascertainment is

from multiple sources and is comprehensive. Lim-

itations of this study are that it did not identify

156 M.I. Van Allen et al.



NTD cases delivered in the community that were

unreported to the B.C.H.S.R. or families were not

referred for specialty medical consultation

at regionalized centres. It is unusual for induced

abortions in the 2nd trimester to be done in com-

munity hospitals so that the number of unidenti-

fied TABs is most likely very small. Similarly,

failure to register stillbirths is unusual even in the

most remote communities. The impact of FA pub-

lic health interventions on the NTD incidence

in 1997–1999 cannot be determined because lack

of information on use of FA supplements

and availability of FA fortified foods.
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