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 ABSTRACT
 

 We describe the secular trend, pattern and causes 
of congenital anomalies (CAs) in the Pleven region, 
Bulgaria. The source of the data was the regional 
population-based registry of CAs using criteria ac-
cording to EUROCAT recommendations. During the 
period 1988-2006, 47,622 births were surveyed. A 
total of 1,225 cases of CAs were ascertained, giving 
a total prevalence of 25.72 [95% confidence interval 
(95% CI) 24.3 to 27.15 per 1,000 births. There was 
a significant increase in total prevalence from 17.76 
per 1,000 births in 1988 to 29.40 in 2006 (χ2 test for 
trend = 5.03; p = 0.025). Congenital heart disease 
(4.3 per 1,000 registered births), nervous system 
anomalies (3.3 per 1,000 births), limb defects (2.5 
per 1,000 births) and neural tube defects (2.0 per 
1,000 births) demonstrated the highest prevalence. 
There was a significant upward trend in the preva-
lence of some specific anomalies: digestive system, 
tumors, gastroschisis and non syndromal dysmor-
phologic conditions. Genetic causes were identified 
in approximately 62% of all cases with CAs (chro-
mosomal 8%, single gene defects 14%, multifacto-

rial 40%). The secular trend and particular pattern 
of CAs in the Pleven region require some potential 
underlying contributing factors to be considered: 
case ascertainment and diagnostic methods, and 
some environmental factors. These data draw atten-
tion to the need of further regional epidemiologi-
cal studies. The high proportion of genetic causes 
emphasize the role of genetic services as an integral 
part of preventive medical care.
 Keywords: Causes, Congenital anomalies, 
Prevalence, Regional registry, Secular trend

 INTRODUCTION
 
 Congenital anomalies (CAs) affect approximate-
ly 2-3% of all live births every year. Many of these 
defects are associated with serious health problems. 
Despite the geographical differences in the reported 
prevalence of CAs, they are still a leading cause of 
perinatal mortality and childhood morbidity [1-5]. 
Over the past 20 years, significant progress has been 
made in understanding the etiology of birth defects. 
There are many recognized causes of CAs, although 
in many cases no clear explanation can be estab-
lished. The availability of antenatal and neonatal 
screening promotes the early diagnosis of CAs and 
provides information about their prevalence by us-
ing a regional registration approach. The good epi-
demiological data on the prevalence rate and pattern 
of birth defects in a specific region gives an oppor-
tunity of identifying some etiological factors and 
can be useful for their prevention.
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 The aim of this study was to describe the epide-
miology of CAs in the region of Pleven (Bulgaria) 
over the period 1988-2006, and to answer the fol-
lowing questions: what is the prevalence of CAs? 
Has there been a secular change in the prevalence 
of CAs? What is the pattern of CAs? Which are the 
main causes of CAs and what is the role of genetic 
causes in their etiology?

 METHODS
 

 Study Population. The data in the study is 
based on the registry of CAs located at the Uni-
versity Hospital, City of Pleven, Bulgaria. This is 
a regional registry, not financially supported by the 
Ministry of Health, dealing with between 2,000 
and 3,000 births per year. The registry is popula-
tion based; University Hospital is the only hospi-
tal in the city and covers all deliveries of resident 
women within the boundaries of the Pleven region, 
a region with a decreasing number of inhabitants 
over the study period (from about 160,000 in 1988 
to 140,500 in 2006). Invasive prenatal diagnosis is 
not available in the Pleven region. Over the period 
1988-2006, a total of 47,622 births was surveyed, 
of which 47,229 (99.2%) were live births and 393 
(0.8%) stillbirths.
 Case Definition, Classification of Congenital 
Anomalies, and Ascertainment. The registry re-
cords all CAs identified in live births, stillbirths (of-
ficial statistics of fetal deaths at ≥28 weeks gestation 
until 1992 and at ≥24 weeks gestation after 1992) in-
cluding late miscarriages (fetal deaths of ≥20 weeks 
gestation), and terminations of pregnancy following 
prenatal diagnosis of CA. Early fetal deaths before 
the 20th week of gestation were excluded. The case 
definition and definition of CA were taken accord-
ing to EUROCAT recommendations [6].
 The congenital anomalies inclusion list com-
prised mainly major CAs and some minor anoma-
lies without medical or cosmetic significance, either 
malformations or deformations (for example, iso-
lated talipes). Some minor anomalies (EUROCAT 
list of minor anomalies for exclusion) were not re-
corded [6]. Cases with “isolated” anomalies were 
classified according to the EUROCAT classification 
by organ system or body region (e.g., neural sys-
tem, heart, digestive system). Cases with three or 
more CAs were classified as “multiple anomalies” 

and comprised: chromosomal abnormalities, single 
gene and sporadic malformation syndromes [7], non 
syndromal dysmorphologic conditions (sequence/
association/complex), teratogenic syndromes (en-
vironmental abnormalities), multiple anomalies of 
unknown cause (malformation syndromes with un-
known etiology and nosology). The anomalies as-
signed to the “multifactorial” category included the 
following isolated anomalies: neural tube defects 
(NTD); congenital heart disease (CHD); cleft palate 
and cleft lip; some cases of CAs of the nervous sys-
tem (Dandy-Walker malformation, hydrocephaly 
due to congenital stenosis of the aqueduct of Sylvi-
us); esophageal atresia/stenosis/tracheo-esophageal 
fistula; hypospadias; family cases of pes equinovar-
us and luxatio coxae congenita; congenital pyloric 
stenosis.
 The criteria for inclusion of CHD cases were 
as follows: only cases of isolated cardiac defects in 
which the diagnosis was made by a cardiologist and 
confirmed by echocardiography or invasive criteria 
(catheter studies, surgery or pathological examina-
tion) were included. Functional or unspecified car-
diac murmurs were excluded.
 The ascertainment of the cases was mainly (90% 
of all cases) based on an active searching/screening 
for CAs conducted by neonatologists, gynecolo-
gists and clinical geneticists. Additional sources of 
information were hospital records (departments of 
obstetrics and gynecology, neonatology and pedi-
atrics), records of pathological meetings, medical 
genetics records and stillbirths register. Whatever 
the source of ascertainment, at the end of every 
year all registered CA cases (particularly those with 
multiple anomalies) were carefully reviewed by a 
clinical geneticist to validate the diagnostic infor-
mation, to check ID information and to record the 
final diagnosis. In all cases of CAs and death (in 
perinatal period or later), the data from pathologi-
cal examinations were used for diagnostic validity. 
Maximum age at diagnosis was as follows: for most 
cases, up to the end of the first week after delivery; 
for selected malformations (CHD, urogenital), up to 
the end of the first year of life; in some cases (mul-
tiple anomalies) a follow-up was performed.
 Along with the physical examination, addi-
tional methods were used for identification of the 
genetic causes of CAs: family history and pedigree; 
laboratory genetic testing (conventional cytoge-
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netic analysis, biochemical and DNA analysis). In 
some cases (particularly those with multiple anom-
alies) dysmorphologic evaluation and search for 
syndromes, features and references was done by a 
clinical geneticist, using different sources: dysmor-
phology literature, “Smith’s recognizable pattern 
of human malformation” [8], OMIM [7], London 
Dysmorphology Databases. Environmental causes 
were identified via interview (a careful history of 
pregnancy), questionnaire, clinical assessment and 
laboratory confirmation.
 Data Analysis and Statistics. All analyses 
were based on the number of cases in the anomaly 
category of interest, not the number of anomalies. 
The study was approved by the Ethics Committee of 
the Medical University, Pleven, Buglaria. Informed 
consent was obtained from the parents in all cases 
of CAs.

 The calculation of the total prevalence and live 
birth prevalence was conducted using the EURO-
CAT recommendations [6]. Confidence intervals 
(95% CIs) were calculated for the total and live 
birth prevalence. The χ2 test for trends was used 
to compare differences in prevalence over time. A 
p value of <0.05 was considered to be significant. 
Statistical analysis was performed using SPSS for 
Windows, v. 13.1.

 RESULTS

 During the study period (1988-2006), a total of 
1,225 cases (1,115 live births, 72 stillbirths and 38 
terminations of pregnancy) with CAs were ascer-
tained. Table 1 presents the total number of CAs, 
the total, and live birth prevalence. The overall total 
prevalence of CAs was 25.72 (95% CI 24.3 to 27.15) 

Year Number of
CA Casesa

Number of
Birthsb

Prevalence per 1,000
Birthsb (95% CI)

CA Cases in
Live Births

Number of
Live Births

Live Birth Prevalence
per 1,000 (95% CI)

1988 64 3,604 17.76 (13.45 to 22.07) 59 3,586 16.45 (12.29 to 20.62)

1989 75 3,453 21.72 (16.86 to 26.58) 64 3,422 18.70 (14.16 to 23.24)

1990 64 3,421 18.71 (14.17 to 23.25) 61 3,409 17.89 (13.44 to 22.34)

1991 74 3,130 23.64 (18.32 to 28.96) 68 3,112 21.85 (16.71 to 26.99)

1992 80 2,905 27.54 (21.59 to 33.49) 75 2,875 26.09 (20.26 to 31.91)

1993 83 2,670 31.09 (24.50 to 37.67) 80 2,652 30.16 (23.66 to 36.68)

1994 69 2,627 26.26 (20.15 to 32.38) 64 2,607 24.54 (18.61 to 30.49)

1995 57 2,373 24.01 (17.86 to 30.18) 53 2,354 22.51 (16.52 to 28.51)

1996 60 2,370 25.32 (18.99 to 31.64) 56 2,351 23.82 (17.66 to 29.98)

1997 47 2,002 23.48 (16.84 to 30.11) 39 1,983 19.67 (13.56 to 25.78)

1998 60 2,099 28.58 (21.46 to 35.71) 55 2,083 26.40 (19.52 to 33.29)

1999 66 2,318 28.47 (21.70 to 35.24) 61 2,297 26.56 (19.98 to 33.13)

2000 48 2,229 21.53 (15.51 to 27.56) 47 2,209 21.28 (15.26 to 27.29)

2001 83 2,072 40.06 (31.61 to 48.50) 70 2,047 34.20 (26.32 to 42.07)

2002 64 1,940 33.00 (25.04 to 40.94) 58 1,914 30.30 (22.62 to 37.98)

2003 57 1,930 29.53 (21.98 to 37.09) 51 1,919 26.58 (19.38 to 33.77)

2004 49 2,124 23.07 (16.69 to 29.45) 47 2,111 22.26 (15.97 to 28.56)

2005 59 2,110 27.96 (20.93 to 35.00) 49 2,083 23.52 (17.02 to 30.03)

2006 66 2,245 29.40 (22.41 to 36.39) 58 2,215 26.18 (19.53 to 32.84)

Total 1,225 47,622 25.72 (24.3 to 27.15) 1,115 47,229 23.61 (22.24 to 24.98)

Table 1. Total and live birth prevalence of congenital anomalies in the Pleven region, Bulgaria, 1988-2006

a Congenital anomalies occurring in live births, stillbirths (including fetal deaths at ≥20 weeks of gesta-
tion) and terminated pregnancies.
b Live births and stillbirths.
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per 1,000 births over the study period. There was a 
significant increase in total prevalence from 17.76 
(95% CI 13.45 to 22.07) per 1,000 births in 1988 to 
29.40 (95% CI 22.41 to 36.39) in 2006 (χ2 = 5.03; 
p = 0.025). There were 47,229 live births and 1,115 
live births with CAs, giving an overall live birth 
prevalence of 23.61 (95% CI 22.24 to 24.98) per 
1,000 live births. There was a significant increase in 
live birth prevalence from 16.45 (95% CI 12.29 to 
20.62) per 1,000 live births in 1988 to 26.18 (95% 
CI 19.53 to 32.84) in 2006 (χ2 = 4.27; p = 0.039).
 Table 2 summarizes the main types of CA; num-
ber, proportion (% of all cases registered) and preva-
lence (per 1,000 registered births). Higher rates were 
notified for CHD (4.3 per 1,000), all nervous system 
CAs (3.3 per 1,000), limb defects (2.5 per 1,000). 
Neural tube defects showed a total prevalence of 2.0 
per 1,000 per registered births, and about 20% of all 
cases of this defect resulted in termination of preg-

nancy. Most of the CHD cases (80%) were ascer-
tained in the nenonatal period of live born babies or 
in stillbirths (based on active screening). About 20% 
of the cases were diagnosed in the post neonatal pe-
riod up to the end of the first year of life of the babies 
(some cases were identified via case records from 
the Department of Pediatrics, University Hospital, 
Pleven, Bulgaria).
 The total prevalence of most CAs remained 
stable over the study period. However, there was 
a trend towards a significant increase in the total 
prevalence of specific anomalies: digestive system 
anomalies (χ2 = 4.48; p = 0.034), tumors (mostly 
teratomas) (χ2 = 4.98; p = 0.026), musculoskeletal 
and connective tissue anomalies (mainly gastroschi-
sis) (χ2 = 5.52; p = 0.019), non syndromal dysmor-
phologic conditions (χ2 = 6.77; p = 0.009).
 Table 3 summarizes the main causes of regis-
tered CAs, number of cases, proportion (% of all 

Congenital Anomaly Number
of Cases

Proportion
(%)

Total Prevalence
per 1,000 Births

Isolated congenital anomaliesa

Neural tube defects 
Other CAs of nervous system
Eye
Ear
Congenital heart disease
Respiratory system
Cleft palate and cleft lip
Digestive system 
External genital system
Internal urogenital system
Limb
Musculoskeletal and connective tissue
Skin
Endocrine glands
Tumors
Subtotal

96
62
3
9

204
4
51
66
65
22
121
62
54
3
10
832

7.8
5.1
0.2
0.7
16.7
0.3
4.2
5.4
5.3
1.8
9.9
5.1
4.4
0.2
0.8
68.0

2.02
1.30
0.06
0.19
4.29
0.08
1.07
1.39
1.37
0.46
2.54
1.30
1.13
0.06
0.21
17.47

Multiple congenital anomaliesb

Chromosomal abnormalities 
Single gene and sporadic malformation syndromes
Non syndromal conditions
Environmental abnormalities
Multiple anomalies of unknown etiology
Subtotal

100
109
40
34
110
393

8.2
8.9
3.3
2.8
9.0
32.0

2.10
2.29
0.84
0.71
2.31
8.25

Total 1,225 100.0 25.72

Table 2.The main types of congenital anomaly in all registered births (1988-2006), number, proportion 
(% of all cases) and prevalence (per 1,000 births)

a The classification of isolated CA is according to EUROCAT.
b The classification of multiple CA is personal.
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cases registered) and prevalence (per 1,000 regis-
tered births). The most common CAs were those due 
to genetic causes (chromosomal, single gene, multi-
factorial), with a total prevalence of 15.8 per 1,000 
registered births over the study period.

 DISCUSSION

 The congenital anomalies registered in this 
study comprise mostly major CAs and do not in-
clude some minor anomalies. It is therefore difficult 
to compare the determined total prevalence in our 
study with the data from other studies with a specif-
ic anomalies inclusion and exclusion list, as well as 
with a different way of calculation of the prevalence 
[6,9,10].
 The overall total prevalence of CAs in this 
study was 25.72 per 1,000 births, which is similar 
to the total prevalence in other studies[11-14], and 
to the average rate for all full members’ registries of 
EUROCAT (22.11 per 1000 births over time (1980-
2005) [1]. The reported trend in prevalence of CAs is 
different for the registries. The registries in France, 
Belgium, Malta, Switzerland, Spain, Croatia and It-
aly reported increasing rates over time (1980-2005), 
while others like the British, Irish, Dutch and Dan-
ish registries, reported a declining trend.
 The present study demonstrated an overall sig-
nificant upward trend in the prevalence of CAs as a 

whole (total and live birth prevalence) from 1988 
to 2006 in the Pleven region. However, there was 
a significant increase in the total prevalence only 
of specific anomalies: digestive system, tumors, 
gastroschisis and non syndromal dysmorphologic 
conditions. The potential underlying contributing 
factors that should be considered for explanation of 
regional and secular trends are: case ascertainment 
methods; improving antenatal screening; some de-
mographic and environmental factors [9,15,16].
 In this study, due to the relatively consistent 
methodology used in the registration of CA cases, 
we think that the case ascertainment and diagnostic 
methods play a minor role in data collection over 
time. In our study, the types of CA that have re-
cently demonstrated an upward trend in prevalence 
have unclear genetics or a minor genetic impact and 
an important role of environmental factors in their 
etiology. That is why more attention should be paid 
to these factors in the future and further epidemio-
logical studies are needed. For example, concerning 
gastroschisis there is a significant difference in the 
reported prevalence between EUROCAT registries, 
suggesting a geographical gradient in the prevalence 
of this defect [1,9]. The phenomenon of increasing 
gastroschisis prevalence in Europe (1980-2002), 
according to some authors [17], is not restricted to 
younger mothers only. In the present study, the up-
ward trend in gastroschisis prevalence is without a 

Cause Number
of Cases

Proportion
(%)

Total Prevalence
per 1,000 Births

Genetic
Chromosomal
Single gene
Multifactorial
Subtotal

100
168a

486
754

8.2
13.7
39.7
61.5

2.10
3.53
10.20
15.83

Environmental
Drugs and chemicals
Infections
Maternal illness
Mechanical uterine factors
Subtotal

6
21
9
46
82

0.5
1.7
0.7
3.8
6.7

0.12
0.44
0.19
0.96
1.72

Unknown 389 31.8 8.17

Total 1225 100.0 25.72

Table 3. Causes of congenital anomalies: number of case, proportion (% of all causes) and prevalence 
(per 1,000 registered births)

a The number of single gene disorders included single gene malformation syndromes plus isolated anomalies due to 
single gene defects.
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rise in the proportion of teenage mothers. There is 
evidence that maternal exposure to vasoconstrictive 
drugs and cigarette smoking may increase the risk 
of gastroschisis and small intestinal atresia [18]. 
This hypothesis is suitable to be tested in a future 
study, in relation to the changes in socioeconomic 
status of the Bulgarian population over the study pe-
riod and expansion of some habits such as cigarette 
smoking.
 The most common type of CAs we found were 
cardiac defects (16.7% of all anomalies), with a to-
tal prevalence rate of 4.3 per 1,000 births. The over-
all prevalence rate of CHD reported by EUROCAT 
over the period (1990-2005) was 6.77 per 1,000 
births, with a variation of the rate seen across the 
different registries (from 4.49 per 1,000 for Zagreb, 
Croatia to 8.71 per 1,000 for Odense, Island of Fyn, 
Denmark) [1]. This variation reflects the difference 
of the availability and accuracy of antenatal diagno-
sis, the ascertainment of late post neonatally diag-
nosed cardiac defects, the possibility for close rela-
tion with a pediatric cardiologist and the expertise 
to accurately diagnose [9].
 Neural tube defects are among the most com-
mon CAs that cause fetal and neonatal death around 
the world [5,19]. EUROCAT reported the overall 
prevalence rate of NTD at 1.05 per 1,000 births 
over the period 1990-2005 (Zagreb, Croatia 0.5 
per 1,000 births, Glasgow, Scotland, UK 1.7 per 
1,000, Paris, France 1.3 per 1,000) [1]. There is a 
variation (0% for Malta and Ireland, 22.0% for the 
Netherlands, 92.0% for France) in the proportion 
of NTD cases resulting in pregnancy termination, 
seen across the different registries and countries in 
Europe, influenced by the differences in screening 
policies, culture and legislation. The countries that 
did not have a policy for offering routine scans had 
a significantly lower prenatal detection rate of NTD 
[20].
 The present study showed a relatively high 
prevalence rate of NTD in the Pleven region (2.0 
per 1,000 births) compared to other registers and 
parts of Europe [1] and about 20.0% of all registered 
cases of NTD were detected in terminated pregnan-
cies after prenatal diagnosis. Since in all the cases 
of prenatal diagnosis of NTD there was termination 
of the pregnancy, the data demonstrate inadequate 
prenatal screening for these defects in the Pleven 
region. Although in recent years the national policy 

recommended periconceptional folic acid supple-
mentation, the prevalence rate of NTD in the Pleven 
region remained stable over the study period. These 
factors raise the issue of introducing an official 
countrywide policy for routine ultrasound anomaly 
scanning as an element of prevention approaches.
 Our study revealed three important findings: 1) 
genetic components were identified in approximate-
ly 62.0% of all CA cases; 22.0% of all cases had 
a clear genetic cause (chromosomal 8.0% or single 
gene defects 14.0%) and 40.0% multifactorial eti-
ology. The data demonstrate a high proportion of 
affected families with a high recurrence risk, and 
emphasize the importance of offering genetic coun-
seling and prenatal diagnosis to mothers who have 
previously had an abnormal baby/pregnancy. 2) The 
etiology of one-third of the CAs was unknown or 
unclear. 3) Environmental causes were infrequent 
(approximately 7.0% of all CA cases).
 In other studies [21-23], the reported genetic 
contribution of CAs is similar: chromosomal abnor-
malities 6.0-10.0%, single gene defects 7.0-17.0%, 
multifactorial etiology 20.0-30.0%. Environmental 
causes have been identified in 5.0-10.0% of birth 
defects and unknown causes in 40.0-50.0% of all 
cases. The lower proportion of CAs with unknown 
etiology established in our study may be due to the 
lower number of births (from 2,000 to 3,000 annu-
ally), which allows an accuracy of diagnosis and re-
flects the interest to identify a specific etiology.
 In conclusion, the epidemiological data of this 
study suggest that 2.0-3.0% of all births (approxi-
mately 1 in 40 births every year) are associated with 
CAs. The particular pattern of CAs in the Pleven 
region and the increasing trend in prevalence of spe-
cific anomalies, draw attention to the role of specific 
environmental or may be local risk factors for those 
anomalies, and require further regional epidemio-
logical studies. The high proportion of genetic fac-
tors in the causes of CA emphasize the importance 
of genetic counseling services as an integral part of 
preventive medical care.
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