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Abstract

Background: Congenital anomalies (CAs) are a leading cause of fetal and 
infant mortality and morbidity worldwide. They may be identified prenatally, 
at the moment of birth or later in life. 

Purpose: To describe the cases of CAs registered over the last 15 years at 
a level III hospital, comparing individuals who were detected through prenatal 
(preN) diagnosis with those detected through postnatal (postN) diagnosis.

Methods: All records were collected from the Registo Nacional de 
Anomalias Congénitas (RENAC) online platform between 1st January 2000 to 
31st December 2014, in a level III hospital, where cases of CAs were notified 
voluntarily (n = 1,222). We tested differences for selected variables between 
the years in study. A multivariate analysis was performed to identify potential 
factors associated to preN diagnosis.

Results: We observed a total of 1,510 anomalies, being 493 (40.3%) 
circulatory, 252 (20.6%) chromosomal, 187 (15.3%) musculoskeletal, 138 
(11.3%) digestive, 133 (10.9%) urinary, 117 (9.6%) nervous, 37 (3.0%) 
respiratory, 35 (2.9%) genital, 25 (2%) anomalies of the eye, ear, face and 
neck, 20 (1.6%) cleft lip/cleft palate and 73 (6.0%) others. Time of diagnosis 
was known for all subjects: 770 (63.0%) were diagnosed prenatally and 452 
(37.0%) were diagnosed at birth or during the first month of life. We found 
statistically significant differences between groups for several variables. 
Assisted reproduction techniques (p = 0.023), maternal medications during 
the first trimester of pregnancy (p = 0.004) and the number of anomalies per 
individual (p ≤ 0.001) had a statistically significant impact on receiving preN 
diagnosis.

Conclusion: Our data confirm the importance of both RENAC national 
database and preN diagnosis in improving perinatal healthcare. However, 
in order to determine the national prevalence of CAs and understand any 
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involved factors, it is desirable to enhance the 
notification in the whole country, facilitating the 
adjustment of national protocols to achieve a better 
perinatal counseling and surveillance.
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Introduction

Congenital anomalies (CAs), congenital mal- 
formations, congenital disorders and birth 
defects can be defined as structural or functional 
anomalies arising during intrauterine life that 
may be identified prenatally (prenatal [preN] 
diagnosis), at the moment of birth or later in life 
(postnatal [postN] diagnosis) [1]. Worldwide, CAs 
are a leading cause of fetal and infant mortality 
and morbidity, often resulting in long-term 
disability, which may have relevant repercussions 
on individual and family life, as well as on health-
care systems and costs [2]. These anomalies 
represent nowadays a major issue for health ser- 
vices, in terms of the number of resources that 
are needed because of their increasing life expec- 
tancy [3]. 

According to the World Health Organization 
(WHO; http://www.who.int/en/), CAs are the 
cause of 4.4% (276,000) of global deaths during 
the neonatal period, and they are associated to a 
mortality rate of 1 per 1,000 live births in children 
aged 1-59 months [4].

The European Surveillance of Congenital 
Anomalies (EUROCAT; http://www.eurocat-
network.eu/) collects data from several European 
countries. EUROCAT reports that approximately 
2% (104,000) of the 5.2 million births each year 
were affected by CAs. CAs also caused 25% of 

all neonatal deaths in the considered regions [2]. 
In Portugal the mortality rate is 1.5 per 100,000 
habitants [5], and in 2013 10% of deaths under 
1 year of life in our country were attributable to 
heart defects, whereas other malformations caused 
8% of deaths in this age group [6]. 

The most common severe CAs worldwide 
are heart anomalies, neural tube anomalies and 
Down syndrome [1]. A considerable number of 
birth defects cannot be associated to an exact 
cause or a known etiology [7]. About 25% are 
due to a chromosomal anomaly, 20% to single 
gene disorder, 5% to an environmental factor and 
approximately 50% are caused by multiple factors 
[8]. Previous studies demonstrated an association 
between CAs and male sex, low birth weight, 
advanced maternal age and other important factors 
such as maternal infection and drug exposure [9, 
10]. Recently, pregnancy obesity, smoking and 
assisted conception have been suspected as risk 
factors for CAs [11], and these factors are all 
relevant in our national setting.  

In 2010 the WHO announced new strategies in 
order to prevent CAs, including family planning, 
preconceptional and antenatal screening with 
enhanced preN diagnosis techniques, optimization 
of maternal diet before and throughout pregnancy 
and treatment for possible teratogen-induced 
infections [1]. PreN diagnosis comprehends an 
important assembly of resources targeted to detect 
these anomalies, thus allowing an optimized 
management of the pregnancy and planning of 
postnatal treatment. Many European countries 
provide screening in the first trimester of pregnancy, 
which consists in ultrasound to measure nuchal 
translucency and specific blood tests. Although 
some major anomalies may be detected at the 12 
week scan, most cannot be seen at this gestational 
age, whereby supplementary tests are provided 
between 18 and 22 weeks. An amniocentesis may 
be performed in case of detection of one or more 
CAs in order to investigate underlying genetic 
alterations. In most European countries, parents 
may opt for termination if one or more severe CAs 
are diagnosed in the fetus. 

The events involving the use of thalidomide 
in the 1960s [12] warned for the need to control 
tendencies of CAs, whereby many countries provide 
this information to surveillance organizations, 
thus allowing a prompt detection of alterations 
of patterns and an explanation for the change, 
in order to develop mechanisms of prevention. 
Within our country, an organization founded in 
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1985 and called Registo Nacional de Anomalias 
Congénitas (RENAC; http://www.insa-rios.net/
renac/) collects this data from several obstetrics 
and neonatology health services that accept to 
cooperate, both in public and private practice [13]. 

The purpose of this study was to retrospectively 
describe the registered cases of CAs in the last 15 
years in a level III hospital and to assess the trends 
during this period.

Material and methods

All records were collected from RENAC’s online 
platform by selecting the period between 1st January 
2000 to 31st December 2014 (n = 1,222) at Centro 
Hospitalar São João (CHSJ – Porto, Portugal), a level 
III hospital, referral center for pediatric surgery and 
congenital heart diseases. The prenatal consultation 
service in our center follows pregnancies from the 
North of Portugal (five districts: Viana do Castelo, 
Braga, Porto, Vila Real and Bragança; estimated 
population of 3.6 million). 

Data related to CAs cases were notified by 
professionals that completed an online default 
questionnaire. 

For the purpose of this study, isolated anomalies 
were considered to be cases of single CAs, and 
those with more than one were categorized as 
multiple. Where a CA included two or more CAs 
with the same ICD-10 classification (Q00 – Q99), 
we considered the case as having only one of each 
type. 

The CAs were categorized according to the ICD-
10 classification, as chapter XVII includes: congenital 
malformations of the nervous system; congenital 
malformations of eye, ear, face and neck; congenital 
malformations of the circulatory system; congenital 
malformations of the respiratory system; cleft lip 
and cleft palate; other congenital malformations 
of the digestive system; congenital malformations 
of genital organs; congenital malformations of 
the urinary system; congenital malformations 
and deformations of the musculoskeletal system; 
other congenital malformations; chromosomal 
abnormalities, not elsewhere classified.

Maternal occupation was grouped according to 
the Classificação Nacional das Profissões (CNP; 
http://www.cdp.portodigital.pt), our national clas- 
sification. 

The Ethics Committee of our institution approved 
this retrospective study.

Data collection was performed using Microsoft® 
Excel® v.14.0.0 and the statistical analysis 
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was performed with IBM® SPSS® statistics 
v.23. Categorical variables were characterized 
by absolute and relative frequencies, whereas 
continuous variables by mean (± standard deviation) 
if they had symmetric distribution, and by median 
(minimum-maximum) if they had asymmetric 
distribution. Fisher’s exact test and Chi-squared 
test were used to compare categorical variables 
and Independent t test or Mann-Whitney U test for 
continuous variables, when they had symmetric 
or asymmetric distribution, respectively. Finally, 
a multivariate analysis was performed by logistic 
regression to identify potential factors associated 
to preN diagnosis. A p-value lower than 0.05 was 
considered statistically significant.

Results

From 1st January 2000 to 31st December 2014, 
1,222 cases of CAs were notified to RENAC by 
our institution. Over this 15 year’s period, about 
2,800 newborns were delivered in the obstetric 
department yearly, and 450 were admitted in our 
neonatal intensive care unit every year. During the 
year of 2015, 2,052 consultations of preN diagnosis 
were held in our hospital.

All our data was collected from the RENAC 
national database, which depends on physicians’ 
initiative to notify cases of CAs and provide all 
of the requested information. Therefore, some 
variables have missing values.

Annual distribution of notifications and total 
number of anomalies are presented in Fig. 1. 

Fetus or newborn characteristics are listed in 
Tab. 1. Gestational age at the moment of birth was 
registered as being calculated through ultrasound 
in 1,114 (93.7%) cases and by the date of the last 
menstrual period in 75 (6.3%) cases. Pregnancy 
outcomes during the period in study are represented 
in Fig. 2. A total of 333 (30.7%) cases failed to 
survive during the first week after birth (46.3% preN 
vs 7.6% postN; p < 0.001). Multiple pregnancies 
had one affected fetus in 168 (90.3%) cases (92.5% 
preN vs 77.8% postN) and two in 18 (9.7%) cases 
(7.5% preN vs 22.2% postN); p = 0.017. Karyotype 
testing was performed in a total of 853 (71.2%) 
cases: 533 (44.5%) normal; 253 (21.1%) pathologic; 
66 (5.5%) unknown results; in 1 case (0.1%) it was 
inconclusive. Fetal products sampling methods 
included 417 (82.2%) amniocentesis (81.1% preN vs 
100% postN), 86 (17%) chorionic villus sampling 
(CVS) (18% preN vs 0 postN) and 4 (0.8%) cor- 
docentesis (0.8% preN vs 0 postN); p = 0.032. 
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Figure 1. Annual distribution of notifications and total number of anomalies.

Table 1. Fetus/newborn characteristics within the total sample and according to the moment of diagnosis (prenatal [preN] 
versus postnatal [postN]).

Total
(n = 1,222)

With preN diagnosis
(n = 770)

With postN diagnosis
(n = 452) p-value

Gender, n (%)
Male
Female
Ambiguous

679 (56.3)
525 (43.5)

2 (0.2)

401 (53.1)
352 (46.6)

2 (0.3)

278 (61.6)
173 (38.4)

0 0.01 c

Gestational age at birth, median (min-max) 37 (9-42) 31 (9-42) 38 (11-41) < 0.001 d

Birth weight, grams, median (min-max) 2,912.5 (380-5,230) 2,815 (380-4,355) 3,000 (600-5,230) < 0.001 d

Pregnancy outcome, n (%)
Live birth
Termination of pregnancy
Spontaneous abortion (< 20 weeks)
Fetal death

797 (65.4)
352 (28.9)
50 (4.1)
20 (1.6)

376 (49.0)
351 (45.7)
22 (2.9)
19 (2.5)

421 (93.3)
1 (0.2)
28 (6.2)
1 (0.2)

< 0.001 c

First week survival, n (%) a 752 (69.3) 348 (53.7) 404 (92.4) < 0.001 c

Autopsy, n (%) 435 (91.4) 399 (93.0) 36 (76.6) 0.001 c

Inborn, n (%) 1,210 (99.3) 761 (99.2) 449 (99.6) 0.545
Assisted reproduction techniques, n (%)

Intracytoplasmic sperm injection
In vitro fertilization
Induction of ovulation

38 (3.1)
8 (66.7)
3 (25.0)
1 (8.3)

32 (4.2)
7 (63.6)
3 (27.3)
1 (9.1)

6 (1.3)
1 (100.0)

0
0

0.006 c

0.761 c

Obstetric ultrasound, n (%)
1st and 2nd trimesters
1st trimester only
2nd trimester only

330 (62.0)
181 (34.0)

7 (1.3)

234 (56.5)
169 (40.8)

5 (1.2)

96 (81.4)
12 (10.2)
2 (1.7)

< 0.001 c

Fetal fluid sampling, n (%) b

Not proposed
Yes, because of ecographic marker
Yes, because of maternal age
Yes, because of positive biochemical 
screening
Yes, because of other reason
Proposed but rejected

653 (54.0)
404 (33.4)
88 (7.3)
31 (2.6)

13 (1.1)
20 (1.7)

251 (32.8)
400 (52.3)
66 (8.6)
31 (4.1)

8 (1.0)
9 (1.2)

402 (90.5)
4 (0.9)
22 (5.0)

0

5 (1.1)
11 (2.5)

< 0.001 c

Karyotype testing, n (%)
Yes, normal
Yes, pathologic

533 (44.5)
253 (21.1)

366 (48.4)
222 (29.4)

167 (37.8)
31 (7.0)

< 0.001 c

preN: prenatal; postN: postnatal.
All our data was collected from the RENAC national database, which depends on physicians’ initiative to notify cases of CAs and provide 
all of the requested information. Therefore, some variables have missing values.
a This question was only to be filled if the pregnancy outcome was live birth.
b Two different questions about fetal products sampling were asked in the questionnaire. In the Results section of the text, the analyzed 
variable is “fetal products sampling method”, with registered cases of performed amniocentesis/chorionic villus samplings (CVS)/cor- 
docentesis. Here in the Table the analyzed variable is “fetal fluid sampling”, which is related to the reason why the mother performed the 
test. The absence of mandatory filling led to different number of answers for the two variables.
c Chi-square test; d Mann-Whitney U test.
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Figure 2. Pregnancy outcomes during the period in study.
During the period 2008-2010 the cases were registered by a reduced number of professionals, factor that explains the missing data about 
live births. 
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The time of diagnosis was known for all subjects: 
770 (63.0%) were diagnosed prenatally and the 
remaining 452 (37.0%) were diagnosed at birth or 
during the first month of life. Individuals in latest 
group were diagnosed at birth in 186 (15.2%) cases; 
during the first week of life in 183 (15.0%) cases; 
between the first and fourth week of life in 53 (4.3%) 
cases, or after autopsy was performed in 29 (2.4%) 
cases. The evolution of the moment of anomaly 
detection through the years is represented in Fig. 3. 

When detected through preN diagnosis testing, 
the median gestational age at that time was 22 weeks 
(min-max: 10-39). Ultrasound was the first altered 
exam in 701 (59.5%) cases: 166 (14.1%) detections 
were carried out during the first trimester; 195 
(16.6%) detections during the second trimester; 189 
(16.0%) identifications within the last trimester of 
pregnancy and 151 (19.8%) at unknown gestational 
age. Amniocentesis or CVS were the first altered 
prenatal exam in 35 (3.0%) cases and biochemical 
screening in 25 (2.1%) cases. Normal results were 
registered in 398 (33.8%) cases. 

All 1,222 cases had a total of 1,510 anomalies, 
described in Tab. 2. The most common CAs are 
summarized in Tab. 3. Changes in the number 
of cases of CAs of the circulatory, musculo- 
skeletal and nervous system and chromosomal 
abnormalities through the years are represented in 
Fig. 4.

Maternal characteristics are described in Tab. 
4. Maternal age was not registered in 6% of the 

cases among preN diagnoses and in 21% of the 
cases among postN diagnoses. Concerning their 
obstetric history, we found statistically significant 
differences for the number of previous live births: 
320 (72.7%) mothers had one (77% preN vs 
65% postN), 85 (19.3%) had two (17% preN vs 
23.6% postN) and 35 (7.9%) had three or more 
(6% preN vs 11.5% postN); p = 0.005. Although 
we did not verify differences among groups for 
these variables, smoking was recorded in 35 
(3.9%) cases and drug abuse in 4 (0.4%). Drinking 
was registered in 17 (1.9%) cases (1% preN vs 
3.6% postN; p = 0.006). There were statistically 
significant differences for folic acid intake: 141 
(37.5%) started during the preconception period 
(41.8% preN vs 22.6% postN); 184 (48.9%) started 
during the first trimester of pregnancy (46.6% 
preN vs 57.1% postN); and in 51 (13.6%) cases 
the mothers denied the intake of folic acid (11.6% 
preN vs 20.2% postN; p = 0.003). 

Maternal CA was present in 22 (2.0%) of all 
cases and 39 (5.0%) had history of CAs within the 
maternal side of the family. 

Paternal age was registered in 341 (27.9%) 
cases: 33.77 years (± 6.79) in prenatally diagnosed 
cases vs 32.04 (± 6.24) in postnatally diagnosed 
cases; p = 0.028. Paternal CA was notified in 
10 (1.4%) cases and 23 (4.0%) individuals had 
paternal familiar history of CAs.

Tab. 5 describes the multivariate analysis of 
factors associated to preN diagnosis.
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Table 2. Fetus/newborn's CA (congenital anomaly) characteristics within the total sample and according to the moment of 
diagnosis (prenatal [preN] versus postnatal [postN]).

Total
(n = 1,222)

With 
preN 

diagnosis
(n = 770)

With 
postN 

diagnosis
(n = 452)

p-value

Status at diagnosis, n (%)
Alive
Deceased

1,177 (97.1)
35 (2.9)

756 (99.3)
5 (0.7)

421 (93.3)
30 (6.7)

< 0.001 a

Number of anomalies per individual, n (%)
Isolated
Multiple

845 (69.1)
377 (30.9)

526 (68.3)
244 (31.7)

319 (70.6)
133 (29.4)

0.476 a

CA classification, n (%)
Congenital malformations of the circulatory system
Chromosomal abnormalities, not elsewhere classified
Congenital malformations and deformations of the musculoskeletal system
Other congenital malformations of the digestive system
Congenital malformations of the urinary system
Congenital malformations of the nervous system
Congenital malformations of the respiratory system
Congenital malformations of the genital organs
Congenital malformations of the eye, ear, face and neck
Cleft lip and cleft palate
Other congenital malformations

493 (40.3)
252 (20.6)
187 (15.3)
138 (11.3)
133 (10.9)
117 (9.6)
37 (3.0)
35 (2.9)
25 (2.0)
20 (1.6)
73 (6.0)

226 (29.4)
220 (28.6)
132 (17.1)
65 (8.4)

112 (14.5)
98 (12.7)
26 (3.4)
24 (3.1)
15 (1.9)
11 (1.4)
47 (6.1)

267 (59.1)
32 (7.1)
55 (12.2)
73 (16.2)
21 (4.6)
19 (4.2)
11 (2.4)
11 (2.4)
10 (2.2)
9 (2.0)
26 (5.8)

< 0.001 a

< 0.001 a

0.020 a

< 0.001 a

< 0.001 a

< 0.001 a

0.353 a

0.459 a

0.753 a

0.454 a

0.802 a

preN: prenatal; postN: postnatal; CA: congenital anomaly.
All our data was collected from the RENAC national database, which depends on physicians’ initiative to notify cases of CAs and provide 
all of the requested information. Therefore, some variables have missing values.
The CAs were categorized according to the ICD-10 classification (chapter XVII).
a Chi-square test.

Figure 3. Evolution of the moment of anomaly detection through the years.

Discussion 

Considering the 15-year period of this study, the 
lowest number of notifications of fetus or newborn 
with CAs occurred in 2002. Notifications doubled 
from 2012 to 2013 (68 in 2012, 149 in 2013). This 
was probably the reflection of an increased effort to 

register cases among professionals in our institution 
and not necessarily because of an increased 
occurrence. In fact, all information included in the 
RENAC national database depends on voluntary 
notification of CAs cases by healthcare professionals.

CAs were more common in males than in fe- 
males, as verified nationally according to RENAC  
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Figure 4. Changes in the number of cases of CAs (congenital anomalies) of the circulatory, musculoskeletal and nervous 
system and chromosomal abnormalities through the years.

Congenital anomalies: 15 years of experience in a level III hospital

Table 3. Most common CAs (congenital anomalies) within specific groups.

Circulatory
Interventricular communication (16.4%)
Coarctation of the aorta (12%)
Discordant ventriculoarterial connection (11.6%)
Tetralogy of Fallot (7.7%)

Chromosomal
Down syndrome (40%)
Edwards syndrome (12.2%)
Triploidy and polyploidy (7.7%)
Turner syndrome (3.8%)

Musculoskeletal
Congenital diaphragmatic hernia (26.3%)
Gastroschisis (12.5%)
Exomphalos (8.6%)

Other digestive
Atresia of esophagus with tracheo-esophageal 
fistula (23.4%)
Congenital absence, atresia and stenosis of 
duodenum (12.3%)

Urinary
Congenital hydronephrosis (32.7%)
Renal dysplasia (17.6%)

Nervous
Lumbar spina bifida with hydrocephalus (18.6%)
Arnold-Chiari syndrome (14.5%)
Congenital hydrocephalus, unspecified (13.1%)

Respiratory
Congenital hypoplasia and dysplasia of lung 
(18.9%)
Congenital cystic lung (13.5%)

Genital
Hypospadias (11.5%)

Eye, ear, face and neck
Congenital glaucoma (4%)

Other
Pierre Robin deformity or syndrome (9%)

The CAs were categorized according to the ICD-10 classification (chapter XVII).

latest report [14]. We found differences in ges- 
tational age at birth and birth weight for pre- and 
postnatally diagnosed individuals. Both were 
higher in the latest group, due to the influence 

of terminations of pregnancy and indications to 
induce birth [15]. 

According to recorded data, about 70% of all 
cases survived through the first week after birth and 
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Table 4. Maternal characteristics within the total sample and according to the moment of diagnosis (prenatal [preN] versus 
postnatal [postN]).

Total
(n = 1,222)

With preN 
diagnosis
(n = 770)

With postN 
diagnosis
(n = 452)

p-value

Maternal age, mean (± SD) a 31.09 (± 6.13) 31.70 (± 6.17) 29.87 (± 5.87) < 0.001 e

Maternal ethnicity, n (%)
Caucasian
Black
Gypsy
Asian

1,114 (98.4)
4 (0.4)
9 (0.8)
3 (0.3)

694 (98.7)
2 (0.3)
3 (0.4)
2 (0.3)

420 (97.9)
2 (0.5)
6 (1.4)
1 (0.2)

0.456 f

Maternal occupation, n (%)
Specialists of intellectual and scientific areas
Services personnel and sellers
Administrative personnel and similar
Industrial workers, craftsmen and similar
Technicians and intermediate level professionals
Senior managers of public administration, 

company CEOs and senior executives
Unqualified workers
Unemployed
Domestic
Student

145 (27.8)
69 (13.2)
65 (12.5)
63 (12.1)
47 (9.0)

18 (3.4)
16 (3.1)
51 (9.8)
32 (6.1)
15 (2.9)

127 (29.6)
57 (13.3)
51 (11.9)
42 (9.8)
43 (10.0)

16 (3.7)
14 (3.3)
44 (10.3)
23 (5.4)
11 (2.6)

18 (19.4)
12 (12.9)
14 (15.1)
21 (22.6)
4 (4.3)

2 (2.2)
2 (2.2)
7 (7.5)
9 (9.7)
4 (4.3)

0.018 f

Disease during pregnancy, n (%) b 69 (8.6) 47 (9.0) 22 (7.9) 0.581 f

Maternal medications during first trimester, n (%) c 109 (16.1) 79 (18.8) 30 (11.7) 0.015 f

Maternal chronic illness, n (%) d 174 (15.6) 125 (17.9) 49 (11.8) 0.007 f

Inbreeding, n (%) 7 (0.9) 4 (0.9) 3 (1.0) 0.999 f

preN: prenatal; postN: postnatal.
All our data was collected from the RENAC national database, which depends on physicians’ initiative to notify cases of CAs and provide 
all of the requested information. Therefore, some variables have missing values.
a Maternal age was not registered in 6% of the cases among preN diagnoses and in 21% of the cases among postN diagnoses.
b Diseases included: gestational diabetes – 29 (2.4%); urinary infection – 17 (1.4%); hypertension during pregnancy – 7 (0.6%); cytomegalovirus 
(CMV) infection – 2 (0.2%); flu – 2 (0.2%); human immunodeficiency virus (HIV) infection, herpes simplex virus infection, lysteria and syphilis 
– 1 (0.1%) each; other pregnancy diseases – 9 (0.7%).
c Medications included: insulin and oral antidiabetics – 17 (1.4%); antiseptics, antibiotics, antiparasitics, antiviral and antifungal agents – 
16 (1.3%); hypnotics, sedatives and psychotropics – 13 (1.1%); vitamins – 13 (1.1%); anticoagulants and antithrombotics – 11 (0.9%); 
antiarrhythmics, antihypertensives – 10 (0.8%); antithyroid agents – 10 (0.8%); antiasthmatics – 6 (0.5%);  estrogens, progestogens, androgens 
or oral contraceptives – 6 (0.5%); antiepileptics – 4 (0.3%); adrenocortical steroids – 3 (0.2%); antiproliferatives and immunosuppressives – 2 
(0.2%); analgesics, antipyretics and anti-inflammatories – 1 (0.1%); diuretics – 1 (0.1%); other medication – 9 (0.7%).
d Chronic illnesses included: asthma – 23 (1.9%); obesity – 22 (1.8%); thyroid disease – 21 (1.7%); hypertension – 17 (1.4%); diabetes 
mellitus – 12 (1.0%); epilepsy – 10 (0.8%); other chronic illness - 80 (6.5%).
e Independent t test; f Chi-square test.

Table 5. Multivariate analysis of selected factors possibly leading to prenatal diagnosis.

OR a 95% CI p-value
Assisted reproduction techniques 11.89 1.41-00.18 0.023
Maternal medications during first trimester 2.18 1.27-3.74 0.004
Congenital malformations of the circulatory system 0.10 0.07-0.15 < 0.001
Other congenital malformations of the digestive system 0.19 0.11-0.35 < 0.001
Number of anomalies per individual 1.73 1.38-2.16 < 0.001

95% CI:  95% confidence interval.
The CAs were categorized according to the ICD-10 classification (chapter XVII).
aLogistic regression.

survival was higher among postnatally diagnosed. 
However, this question was only to be filled if 
the pregnancy outcome was live birth, meaning 
that survival among prenatally diagnosed cases is 

probably underestimated in our series. A previous 
study concerning EUROCAT public health in- 
dicators for CAs in Europe showed that Portugal 
was one of the countries with the lowest perinatal 
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mortality rate (< 0.25/1,000 births), whereas 
EUROCAT average was more than the double 
(1.0/1,000 births) [16].

Assisted reproductive techniques (ART) have 
been associated to a higher risk of CAs [17, 18] 
and our multivariate analysis showed an important 
impact of that factor on antenatal detection, probably 
because of higher pregnancy surveillance. However, 
other studies [19] verified that ART conception was 
not significantly associated with the probability of 
having preN diagnosis. 

We found differences in pregnancy ultrasound 
rates between groups. Amniocentesis, CVS or 
cordocentesis were mostly performed because of an 
ultrasound marker (33%) and maternal age (33.4%). 
These tests were not proposed by the physician in 
54% of all cases and in 90% of cases diagnosed 
postnatally. Moreover, these questions were only 
introduced by RENAC in 2008. Our findings are 
comparable to RENAC report concerning the period 
between 2000 and 2010 [13]. 

About 65% of the notified cases were live births. 
Live birth was the pregnancy outcome in 93% of 
postnatally diagnosed individuals (versus 49% 
among prenatally detected). Cases of termination of 
pregnancy represented approximately 29% of total 
notifications. Virtually all of these cases had preN 
diagnosis, showing the contribution of antenatal 
findings on perinatal mortality, which is also 
reported in other studies [20]. Moreover, 4% were 
spontaneous abortions before 20 weeks of gestation 
and 1.6% were fetal deaths. Live birth was globally 
the most frequent pregnancy outcome throughout the 
period studied, followed by termination of pregnancy 
with a roughly constant number of notifications since 
2007. This can be associated to earlier detection of 
CAs due to enhanced preN diagnosis centers activity, 
higher availability of differentiated ultrasonography 
and optimized screening test implementation [21]. 
These results are comparable to those verified by 
RENAC [13, 14].

More than half of the cases of CAs notified by 
our institution were detected through preN diag- 
nosis (63%), which was the most frequent mo- 
ment of detection throughout the fifteen years, fol- 
lowed by delivery (15%) and the first week of life 
(15%). RENAC latest reports showed an increase in 
prenatally diagnosed cases of CAs: 44% between 
2000 and 2010; 56% between 2011 and 2013 [13, 
14]. According to EUROCAT information, about 
31% of non-chromosomal anomalies in Europe from 
2008 to 2012 were diagnosed during gestation [22]. 
A study in West Africa showed a preN diagnosis 

detection of 1.5% [23]. Although not all notifications 
included the first altered prenatal test (8/770 cases), 
obstetric ultrasound detected primarily the CAs in 
about 60% of the cases, whereas amniocentesis/CVS 
or biochemical screening were the detection point 
for 5% of the individuals. Importantly, about 34% 
of the cases had normal prenatal testing results, but 
it would be necessary to analyze specific anomalies 
in order to understand their level of detection and 
compare this result to other studies. In Portugal, 
from 2011 to 2013 obstetric ultrasound allowed the 
detection of CAs in 48% of the cases. The uneven 
quality and effectiveness across the country is 
possibly at least in part responsible of some of the 
difference from our results [14]. The characteristics 
of CAs appear to have played a role in the time of 
diagnosis, and some types such as anencephaly are 
detectable earlier than others [24]. 

Almost 70% of all registered anomalies were 
isolated and there were no statistically significant 
differences among pre- and postnatally diagnosed 
cases for the number of anomalies per individual, 
although other studies verified differences [25]. 
Nevertheless, our multivariate analysis showed that 
the number of CAs in each case influenced antenatal 
detection, whereby the presence of more than one 
anomaly facilitated preN diagnosis.

The most common type of CAs was circulatory 
(40%), as verified worldwide [1] and in Europe [26], 
followed by chromosomal abnormalities (21%) and 
those related to the musculoskeletal system (15%). 
Similar studies in India [27], Iran [28] and Colombia 
[29] demonstrated a predominance of CAs of the 
musculoskeletal or nervous system. Different 
ethnic, social and environmental factors within 
distinct parts of the world explain the divergence 
among studies, whereby developed countries have 
an higher accessibility and resources for diagnosis 
and treatment (particularly if surgical) [28, 30]. Our 
results were different from those included in the 
RENAC report concerning the period between 2000 
to 2010, where 27% of the cases had circulatory 
anomalies, 20% had musculoskeletal, 13% had 
urinary, 9% had chromosomal and 7% had nervous 
system related defects [13]. 

We verified statistically significant differences 
to notifications on selected types of CAs through- 
out the 15 years. Importantly, notifications of 
chromosomal abnormalities rose since 2007. This 
was probably associated to more notifications and/
or older mothers with more frequent referral to 
specialized centers and assistance, since this type 
of CAs has been demonstrated to be more common 

Congenital anomalies: 15 years of experience in a level III hospital
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at more advanced maternal ages [31]. A RENAC 
study showed an association between the age of 
the mother and CAs, especially in chromosomal 
and circulatory types (for older mothers) [10]. 
Furthermore, we verified a higher frequency of 
congenital malformations of the circulatory system 
and other congenital malformations of the digestive 
system among postnatally diagnosed individuals, 
and our multivariate analysis demonstrated that 
having these type of anomalies did not increase 
the probability of antenatal diagnosis, since OR is 
less than 1 (Tab. 5). This can be explained by the 
increased difficulty of detecting specific types of 
these kind of CAs, as it has been shown in other 
studies [32-34]. 

We verified differences in maternal age among 
pre- and postnatally diagnosed individuals, with a 
higher median of age in the first group. Although 
this could be explained in part by higher pregnancy 
surveillance and therefore more antenatal testing in 
more advanced ages, this could not be confirmed by 
this series, as about 21% of postnatally diagnosed 
individuals lacked this information.

Previous studies found that smoking was a risk 
factor for CAs [11]. In 2013, a birth cohort study 
assembled at public maternity units of Porto showed 
that 25% of mothers smoked during pregnancy [35]. 
It is very likely that a relevant number of cases 
included in our study omitted this information. 
Alcohol has also been associated to CAs, especially 
those related to central nervous system [36]. 
Differences for drinking mothers were found 
among groups. Given our national social context, 
it is possible that the higher frequency of drinking 
mothers among postnatally diagnosed cases was due 
to lower socio-economic and educational levels, in 
which pregnancy was not monitored at all.

Only 16% of all cases had notification of 
maternal medications during the first trimester of 
pregnancy. Multivariate analysis showed that this 
factor increased the probability of preN diagnosis, 
however, it is possible that mothers with preN 
diagnosis recalled better this type of information 
and/or had better surveillance due to a situation 
that required medical treatment. Previous studies 
suggested a higher risk of CAs with pregnancy drug 
exposure [37], but the study of specific class effects 
goes beyond our purposes. 

The diseases that were most frequently notified 
during pregnancy were gestational diabetes, urinary 
infection and hypertension, whereas the medications 
that were reportedly most used during gestation 
were insulin and oral diabetics. A previous cohort 

study demonstrated a higher antenatal detection of 
cardiovascular anomalies in women with gestational 
diabetes [38]. 

Maternal chronic disease has been associated to 
a higher risk of CAs [39]. About 15% of all mothers 
notified a chronic disease, mostly asthma, obesity, and 
thyroid disease. We verified statistically significant 
differences between pre- and postnatally detected 
cases of CAs, with a higher number of occurrences 
among the first group. These women were probably 
better monitored due to their previously known 
condition. A case-control study conducted between 
1998 and 2012 suggested an association between 
CAs and maternal chronic hypertensive disorders, 
regardless of pharmacological treatment [40]. 
Another study showed a reduction in antenatal 
ultrasound detection of CAs in obese women [41], 
which is a relevant finding considering our national 
health context [42]. RENAC reported that 9% of 
mothers had at least one pregnancy disease between 
2000 and 2011 (predominantly urinary infections), 
and other 9% had chronic disease (40% asthma) [13]. 

Almost 100 cases had familiar history of CAs and 
other studies found that CAs were more prevalent 
in cases with a family history of an anomaly [43]. 
Consanguinity has been considered as a major risk 
factor for CAs [44]. 

As mentioned above, all our data was collected 
from the RENAC national database, which depends 
on physicians’ initiative to notify cases of CAs and 
provide all of the requested information. Therefore, 
we had a relevant number of variables with missing 
values that may have altered some results. More 
importantly, it is very likely that the real number of 
occurrences is higher than we verified. Furthermore, 
it is also possible that our hospital characteristics, 
as an important referral center for congenital heart 
defects and other CAs requiring surgical treatment, 
affected the proportion of cases with preN diagnosis 
and the types of anomaly. 

Since CAs are currently an important cause 
of fetal and infant morbidity and mortality, it is 
important to determine whether preN diagnosis 
centers are capable of effectively detect and manage 
these cases according to their severity. It would be 
necessary to study specific CAs to understand if 
long-term prognosis had an impact on the decision 
to carry on the gestation.

Conclusion 

Our data confirms the importance of both the 
RENAC national database and preN diagnosis in 
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improving perinatal health care. However, in order 
to determine the national prevalence of CAs and 
understand any involved factors, it is desirable 
to improve notification of cases throughout the 
country, facilitating the adjustment of national 
protocols to achieve a better perinatal counseling 
and surveillance.
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