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Abstract

The objectives of this study were 1) to assess the validity of different databases which 
identify neural tube defect (NTD) cases in the population, and 2) to examine the tempo-
ral trends in NTD rates and the impact of prenatal diagnoses among pregnancies referred 
to a tertiary care hospital in Quebec City, Canada, from 1993 to 2002. Infant death and 
stillbirth certifi cates were a highly reliable source for ascertaining NTD cases, but their 
overall sensitivity was poor (13%). Med-Echo had very good sensitivity (92%), but there 
were many coding errors in the database and some diagnostic categories were not specifi c 
for NTD. The average NTD prevalence proportion was 6.5/1,000 births during the entire 
study period, decreasing from 12.2/1,000 in 1993 to 3.9/1,000 in 2002. Overall, 78.6% 
of NTD cases were diagnosed prenatally and the pregnancy was terminated in 52.6% of 
these. These two proportions were stable over the study years. To conclude, the combina-
tion of hospital discharge summaries and infant death and stillbirth certifi cates is a 
highly sensitive method for the ascertainment of NTD cases, including terminations of 
pregnancies, but medical records must be reviewed to exclude coding errors and to clarify 
unspecifi c diagnostic categories. 
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Introduction

In Canada, recommendations on the use 
of folic acid supplements by women plan-
ning a pregnancy or capable of becoming 
pregnant were issued in 1993–1994 by 
Health Canada, the Society of Obtetricians 
and Gynaecologists of Canada and the 
Canadian Task Force on the Periodic 
Health Examination.1–3 Fortifi cation of a 
large variety of cereal food products with 
folic acid became mandatory in 1998.4 In 
Quebec, the fi rst evaluation of the impact 
of this program on the epidemiology of 
neural tube defects (NTDs) was per-
formed using provincial administrative 
databases: stillbirth certifi cates (SBC) 
and infant death certifi cates (IDC), as 
well as computerized hospital discharge 
summaries (Med-Echo).5 In Quebec City, 
an additional source of information was 

available, namely the computerized 
results of prenatal ultrasound examina-
tions (Res-Echo) performed at the Saint-
François d=Assise Hospital (SFAH). The 
objectives of the present study were to 
assess the validity of the different sources 
for the identifi cation of NTD cases, and 
to examine the temporal trends in NTD 
rates and the impact of prenatal diagno-
sis among pregnancies referred to this 
tertiary care hospital from 1993 to 2002. 

Methods

The study population included live births, 
stillbirths and terminations of pregnancies 
(because of fetal anomaly) at the SFAH 
from late 1992 to 2002. NTD cases were 
classifi ed according to the nomenclature 
proposed by Nevin and Weatherall.6 The 
three main categories were anencephaly 

(including craniorachischisis and inien-
cephaly), spina bifi da or meningomy-
elocele, and encephalocele (including 
exencephaly). Spina bifi da occulta and 
sacral lipomeningocele were excluded. 
Spina bifi da occulta is a common defect 
that is not diagnosed during the neonatal 
period.6 Sacral lipo(myelo)meningocele is 
thought to be embryologically distinct from 
(myelo)meningocele; folic acid does not 
seem to be effective for its prevention.7

Med-Echo records including a main or a 
secondary diagnostic code compatible 
with NTD were identifi ed for the period 
July 1992 to March 2002. The ninth revi-
sion of the International Classifi cation of 
Diseases (ICD-9) was in use during the 
study period and codes of interest were 
infants with a neural tube defect (ICD-9: 
740.0 to 742.0) and women with a fetus 
affected by a central nervous system mal-
formation (ICD-9: 655.0). For infant death 
and stillbirth certifi cates, the tenth revi-
sion of the International Classifi cation of 
Diseases (ICD-10) was adopted in 2000. 
The provincial databases were reviewed 
to identify records with a code for anen-
cephaly (ICD-9: 740; ICD-10: Q00), for 
spina bifi da (ICD-9: 741; ICD-10: Q05), or 
for encephalocele (ICD-9: 742.0; ICD-10: 
Q01). A fi le generated by Res-Echo, a com-
puterized system for recording results of 
obstetrical ultrasound examinations at the 
SFAH, provided a list of pregnant women 
who had an examination indicating a fetus 
with an abnormality of the central nerv-
ous system. Hospital records were identi-
fi ed and medical notes were reviewed to 
ascertain all diagnoses.

Validity of death and stillbirth certifi cates and hospital 
discharge summaries for the identifi cation of neural 
tube defects in Quebec City
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The denominator fi gures for live births 
and stillbirths were provided by the SFAH. 
A large proportion of NTD-affected preg-
nancies were terminated, so to prevent 
classifi cation bias in calculating yearly 
prevalence proportions, a theoretical birth 
date was calculated for each NTD case, 
assuming a gestation of 40 weeks (date 
of birth/abortion less gestation length 
in weeks plus 40 weeks). The predictive 
positive value (PPV) of a source or of a 
diagnostic code was defi ned as the pro-
portion of records which were true NTDs. 
The relative sensitivity of a source or of a 
diagnostic code was defi ned as the propor-
tion of NTD cases identifi ed from this par-
ticular source or diagnostic code, relative 
to the total NTD cases identifi ed from all 
sources and codes combined. 

The data were analyzed using SAS soft-
ware.8 Prevalence proportions with their 
95% confi dence intervals were calculated 
using an exact method. The Cochrane-
Armitage test for trends in proportions 
was performed with statistical signifi cance 
set at fi ve percent. The study protocol was 
approved by the Quebec University Hospital 
Centre=s Research Ethics Committee and 
access to provincial databases was author-
ized by the Quebec Access to Information 
Commission.

Results

Validation of sources

Provincial death records identifi ed 14 
infant deaths and eight stillbirths at the 
SFAH with an NTD diagnosis. A review of 
the medical records showed that the main 
cause of death was correct in all cases; the 
PPV was thus 100 percent.

The Med-Echo fi le contained 235 records 
mentioning a mother who had a fetus with 
a malformation of the central nervous sys-
tem. Duplicate records were eliminated, 
so 178 mothers remained. A NTD-affected 
pregnancy was confi rmed in 99 cases, 
another anomaly of the central nervous 
system was present in 62 cases, a mal-
formation of another system or organ in 
ten cases, and another condition not con-
sidered a congenital malformation in the 
remaining seven cases. The PPV of the 

ICD-9 code 655.0 was 90% (161/178) for 
any malformation of the central nervous 
system and 56% (99/178) for NTDs.

The Med-Echo fi le contained 41 records of 
infants less than one year old with an NTD 
diagnosis. The code was incorrect in fi ve 
cases: Another malformation of the central 
nervous system was present in four cases 
and a congenital anomaly of another organ 
in the remaining case. Therefore, the PPV 
of ICD-9 codes 740.0 to 742.0 was 88% 
(36/41). In the Med-Echo fi le, 24 NTD 
cases were identifi ed under the mother 
and again under the child. 

From the SFAH=s Res-Echo fi le, we identi-
fi ed 133 pregnant women whose compu-
terized record mentioned an anomaly of 
the central nervous system. In fi ve cases, 
the medical records could not be found. 
Therefore, we reviewed 128 cases: 79 
matched the defi nition of NTD and 49 did 
not (another anomaly of the central nerv-
ous system was present in 19 cases, a con-
genital malformation of another system or 
organ in 15 cases and another fetal condi-
tion not considered as a congenital mal-
formation in the remaining 15 cases). The 
PPV for NTDs of this source was therefore 
62% (79/128). 

Combining the various information sourc-
es, a total of 173 NTD cases were identifi ed 
(Table 1). The relative sensitivity of the dif-

ferent sources for ascertaining NTD cases 
was as follows: death and stillbirth certifi -
cates – 13% (22/173), Med-Echo – 92% 
(159/173) and Res-Echo – 46% (79/173). 
All the NTD cases identifi ed in death and 
stillbirth certifi cates were also identifi ed 
in Med-Echo. The majority of the 14 NTD 
cases missed by both SBCs/IDCs and Med-
Echo were medical terminations of preg-
nancy (three cases of anencephaly, two of 
encephalocele and six spina bifi da cases). 
Two stillbirths were also missed (one case 
of anencephaly and one of encephalocele), 
and a single live birth with spina bifi da 
was not identifi ed.

NTD prevalence proportion

The ascertainment of NTD cases having 
an expected date of birth in 1992 was 
incomplete and rates were not provided 
for that year. When the data analysis is 
limited to cases where the expected date 
of birth was between January 1, 1993 
and December 31, 2002, 168 NTD cases 
were identifi ed: 68 were live births, 14 
stillbirths and 86 pregnancy terminations 
(Table 2). During this period, there were 
26,210 live births and 220 stillbirths at the 
SFAH. There was a general downtrend in 
the number of births, except for a sudden 
increase in 1997. If we consider the abso-
lute frequency of NTDs, we note a decline 
that began in 1998, continued in 1999 and 
then stabilized. Because of the combined 
effect of the increase in the total number 

Source

Number 
of cases % of total

Death and 
stillbirth 

certifi cates Med-Echo1 Res-Echo2

+ + + 22 12.7

+ + – 0 0.0

+ – + 0 0.0

– + + 43 24.9

+ – – 0 0.0

– + – 94 54.3

– – + 14 8.1

All sources 173 100.0

+ The case was ascertained by the source. 

1 Quebec computerized hospital discharged summary database

2 Computerized results of prenatal ultrasound examinations at the Saint-François d=Assise Hospital

TABLE 1
Distribution of neural tube defect (NTD) cases, by source of 

ascertainment at the St-François d’Assise Hospital (Quebec City) 



122 Chronic Diseases in CanadaVol 27, No 3, 2006

of births in 1997 and the decline in the 
number of NTD cases in 1998, the total 
prevalence proportion started to decline 
substantially in 1997 and stabilized from 
1998 on.

If we visually examine the long-term trend 
with two or three information sources 
(Figure 1), we reach the same conclusion, 
i.e., a decline in the prevalence proportion 
of NTDs, starting in 1997 and followed by 
stabilization. 

Prenatal diagnosis and 
induced abortion

Of the 173 NTD cases ascertained in 
this study, 136 were diagnosed prena-
tally (78.6%). The primary diagnosis was 
made after an ultrasound examination in 
92 cases and after an amniocentesis in the 
other three. No information was available 
for the remaining 41 cases. The percentage 

of cases with a prenatal diagnosis was 91% 
(40/44) for anencephaly, 76%(85/112) for 
spina bifi da and 65% (11/17) for encepha-
locele. There was no signifi cant trend in 
these percentages from 1993 to 2002. 
Overall, 52.6% (91/173) of NTD-affected 
pregnancies ended in induced abortion. 
The percentages were 61.4% (27/44) for 
anencephaly, 50% (56/112) for spina bifi da 
and 47% (8/17) for encephalocele. There 
was no signifi cant trend in these percent-
ages between 1993 and 2002.

Discussion 

Infant death and stillbirth certifi cates are a 
highly reliable source for ascertaining NTD 
cases, but their sensitivity is poor (13%). 
Indeed, NTD cases among terminations 
of pregnancy and living infants are not 
reported. On the other hand, the hospital 
administrative database Med-Echo has 
very good sensitivity (92%), but predic-

tive value is low. It relies on the ICD-9 
diagnostic category 655.0, which includes 
all anomalies of the central nervous sys-
tem occurring in foetuses, but the data-
base unfortunately contains many coding 
errors. Consequently, a valid analysis of 
the epidemiology of NTD based on hos-
pital discharge summaries necessitates a 
complementary review of medical records. 
Currently, the Canadian Congenital 
Anomalies Surveillance System relies sole-
ly on this source and hospital records are 
not systematically reviewed.9 

During the years covered by our study, the 
SFAH acted as a reference center for high-
risk pregnancies in the Quebec City region. 
In 1996–1997, four maternity units were 
closed in Quebec City, resulting in a higher 
proportion of low-risk pregnancies referred 
to the SFAH. At the same time, food fortifi -
cation was implemented in Canada. In the 
present study, it is impossible to disentan-

Year

19921 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 All years 
combined

Number of live births – 2,182 2,161 2,173 2,003 3,435 3,300 3,066 2,908 2,437 2,545 26,210

Anencephaly 0 0 2 1 2 3 0 0 1 0 0 9

Encephalocele 0 0 2 1 2 0 3 0 0 0 0 8

Spina bifi da 0 10 5 7 7 9 2 1 7 1 2 51

All NTDs 0 10       9 9 11 12 5 1 8 1 2 68

Proportion/1,000 – 4.6 4.2 4.1 5.5 3.5 1.5 0.3 2.7 0.4 0.8 2.4

Number of stillbirths – 22 22 21 15 27 31 16 24 18 24 220

Anencephaly 0 1 1 0 1 0 2 1 1 1 0 8

Encephalocele 0 0 0 0 1 0 0 0 0 0 0 1

Spina bifi da 0 2 0 0 0 2 0 1 0 0 0 5

All NTDs 0 3 1 0 2 2 2 2 1 1 0 14

Proportion/1,000 – 136.4 45.5 0 133.3 74.1 64.6 125.0 41.7 55.6 0.0 59.3

Number of pregnancy 
terminations

Anencephaly 1 4 3 4 4 2 1 2 0 2 4 27

Encephalocele 0 3 0 1 0 0 2 0 0 0 2 8

Spina bifi da 4 7 2 8 5 8 5 4 3 8 2 56

All NTDs 5 14 5 13 9 10 8 6 3 10 8 91

Total births – 2,204 2,183 2,194 2,018 3,462 3,331 3,082 2,932 2,455 2,569 26,430

All NTDs 5 27 15 22 22 24 15 9 12 12 10 173

Proportion/1,000 – 12.2 6.9 10.0 10.9 6.9 4.5 2.9 4.1 4.9 3.9 6.5

1 Ascertainment of NTD cases in 1992 was incomplete and proportions were not calculated. 

TABLE 2
Prevalence of neural tube defects (NTDs) at the St-François d’Assise Hospital (Quebec City)

by pregnancy outcome (1992–2002)
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gle the possible effect of these two factors 
on the observed decreasing prevalence 
proportion of NTDs. Population-based 
studies, not hospital-based studies, are 
needed to assess the impact of folic acid 
food fortifi cation on the epidemiology of 
NTDs. Such studies have been conducted 
in Newfoundland and Labrador10 and in 
Nova Scotia,11 and indicate a 78% to 54% 
decrease in the prevalence of NTD after 
fortifi cation was implemented.

The prenatal ultrasound examination was 
introduced in Canada in the early 1970s 
and became routine in the mid 1980s. 
In 1994, the Society of Obstetricians and 
Gynaecologists of Canada recommended 
one examination between the 16th and 
20th week of gestation to screen for 
malformations.12 Under ideal conditions 
among high-risk pregnancies, prenatal 
sonography has been found highly sensi-
tive (97%) and specifi c (100%) for the 
diagnosis of NTD.13 Results may be differ-
ent in a routine screening program. Among 
unselected pregnancies in 11 European 
regions, 96% of anencephaly cases were 
identifi ed prenatally, but this occurred for 
only 68% of spina bifi da cases.14 In a 1992 
study in the Estrie-Monteregie area of the 
Province of Quebec, all anencephaly and 
encephalocele cases were identifi ed prena-
tally and the pregnancies terminated, but 
prenatal diagnoses were not made for 60% 
of spinal lesions.15 At the SFAH, 79% of 
NTD cases were detected prenatally and 
the pregnancy was terminated in 53% of 
cases during the period 1993 to 2002. In 

the present study, there was no attempt 
to identify the reason why so many NTD 
cases were not detected prenatally nor why 
they were detected later on. This could be 
the objective of a subsequent quality con-
trol survey.

Conclusion

The combination of hospital discharge 
summaries and infant death and stillbirth 
certifi cates is a highly sensitive method 
for the ascertainment of NTD cases in the 
population, but medical records must be 
reviewed to exclude coding errors and to 
clarify imprecise diagnostic categories. 
During the period 1993 to 2002, there was 
no apparent increase in the proportion of 
NTD cases with a prenatal diagnosis and 
pregnancy termination. A large popula-
tion-based study is currently underway in 
Quebec, relying on hospital discharge sum-
maries and infant death and stillbirth cer-
tifi catesCas well as the review of medical 
recordsCin order to assess the real impact 
of folic acid food fortifi cation.
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