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Abstract

Background: The worldwide incidence of congenital anomalies (CAs) is estimated at 3—-7%,
but actual numbers vary widely among countries. Birth defects are the most common causes of
infantile mortality, accounting for ~25% of all neonatal deaths.

Aims: To determine the prevalence of congenital anomalies in neonates in Fayoum
Governorate; to classify malformations; and to clarify the association between congenital
anomalies and possible risk factors.

Methods: A cross-sectional study was conducted on 1000 infants in the neonatal intensive care
unit and outpatient clinics of Fayoum University Hospital and Fayoum General Hospital during
August 2017 to April 2018. Detailed history, clinical examination and relevant investigations
were performed.

Results: The prevalence of CAs was 7.4%. Major malformations accounted for 78.4% and
minor malformations 21.6%. The most common CAs involved the cardiovascular system
(32.4%), followed by musculoskeletal anomalies (18.9%), chromosomal anomalies (10.8%),
anomalies of the central nervous system (9.5%), gastrointestinal tract (6.8%), genital system
(5.4%), eyes, head and neck (5.4%), respiratory system (4.1%), multisystems (2 or more)
(4.1%), and renal and urinary systems (2.7%). 82.4% of cases were from rural areas, 62.1%
were male, 36.5% were female and 1.4% were ambiguous. 85.1% of neonates with
malformations were full term.
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Conclusion: Cardiovascular, musculoskeletal and chromosomal anomalies were the most
common CAs in our study. Positive consanguinity, poor attendance at antenatal clinics, rural
residence and multiparty were the most common risk factors associated with CAs.
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Introduction

Congenital anomalies (CAs), are functional or structural anomalies that can be identified
prenatally, at birth, or may only be diagnosed later in life as in cases with hearing defects (1,2).
Many researchers have reported that the musculoskeletal system, central nervous system
(CNS), gastrointestinal tract (GIT) and genitourinary system are the most frequently affected (3).
The etiology of up to 60% of CAs is still unknown and multifactorial causes account for 20-25%
of cases. There is a complex interaction between environmental and genetic risk factors.
Around 10-13% of CAs have a well-recognized environmental cause (e.g., infections, illness or
maternal drug abuse) (2—4), and 12—25% of CAs have a purely genetic cause. Chromosomal
anomalies are responsible for most malformations that occur due to genetic factors. The
reported risk factors include consanguinity, advanced parental age, nutritional deficiency, and
teratogens, such as drugs and infectious agents (5).

The importance of CAs lies not only in their contribution to neonatal and perinatal mortality, but
also that they lead to disability in infants and children (6). CAs have a major impact on patients,
families, healthcare systems and society (7), and they also lead to emotional upset and social
stigma in parents (8).
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According to the World Health Organization, there were 270 000 deaths during the first 28 days
of life caused by CAs worldwide in 2010 (2). According to the March of Dimes global report on
birth defects, 6% occur annually with serious defects and 94% of these births occur in middle-
and low-income countries (1,2).

There are insufficient reports regarding the epidemiology of CAs in developing countries (9).
Many different surveys since the 1960s have tried to estimate the prevalence of CAs around the
world (10), with 1% in Japan, 4.3% in Taiwan, 2% in England, 2-3% in the United States of
America and 3.65% in India (11). These variations may be related to regional differences in
maternal risk factors, environmental exposure, and economic, ecological and ethnic factors (12).
In the Middle East where consanguinity is common, the prevalence of major CAs is 2—2.5%, but
it can be as high as 7% from consanguineous marriage (13). The prevalence of CAs in Africa
may be different from that in the developed world, due to differences in genetics and exposure
to environmental risk factors. The available data on CAs in Africa underestimate their
prevalence. This is because of under-reporting, lack of reliable medical records, minimal
diagnostic capabilities and poor postnatal follow-up for full clinical examination and accurate
diagnosis of CAs (14). In Egypt, only a small number of studies from university and general
hospitals have demonstrated the prevalence of CAs among live and still births (15).

The main objectives of this study were to identify and report different types of CAs in neonates
in the 2 major referral hospitals in Fayoum Governorate, and to correlate between types of CAs
and different possible risk factors.

Methods

This was a cross-sectional hospital-based study from August 2017 to April 2018 of 1000
neonates from birth to age 28 days at the neonatal intensive care unit (NICU) and outpatient
clinics of Fayoum University Hospital and Fayoum General Hospital. The sample size was
calculated by Epi info 2000 software based on a worldwide prevalence of CAs of ~3% of
neonates (16) at 95% confidence interval and 80% study power. The sample was increased by
10% to overcome missing data.

This study was approved by the Faculty of Medicine Research Ethical Committee, Fayoum
University. The researchers explained to parents of all participants the objectives of the study,
as well as the examination and investigations to be done. Also, confidentiality of patient
information and the right not to participate in the study were respected. Consent was obtained
from the parents of all participants.
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A full history was taken from the parents. We recorded rural or urban residence, maternal
gravidity and parity, family history, birth defects, maternal history of abortion or stillbirth,
maternal chronic illness, consanguinity, prenatal history, maternal age at conception, drug
intake during pregnancy, and exposure to infection or radiation especially during the first
trimester. Antenatal ultrasonography and number of visits were recorded, along with natal
history, including gestational birth and mode of delivery. The newborns were examined
thoroughly to look for any congenital anomaly or facial dysmorphism. Different body systems
were examined, including cardiovascular, respiratory, skeletal, neurological and genitourinary
systems. When indicated, karyotyping, abdominal ultrasonography, echocardiography and brain
imaging were performed.

We classified the anomalies according to the European Surveillance of Congenital Anomalies
(EUROCAT) coding system into major and minor anomaly groups (17): 5.8% had major
anomalies and 1.6% had minor anomalies.

Microsoft Excel 2010 was used for data entry. IBM SPSS version 21 (SPSS Inc., Chicago, IL,
USA) was used for data analysis. Descriptive statistics such as frequency distribution and
comparisons were used. Qualitative data were displayed in cross tabulations and comparisons
of proportions were performed using Fisher’s exact and

X2 tests. P 0 0.05 was considered statistically significant. All tests were 2-tailed.

Results

CAs were found in 74/1000 (7.4%) neonates: 56/460 in NICU (12.17%) and 18/540 (3.33%) in
outpatient clinics. CAs were more frequently diagnosed in rural (61/74; 82.4%) compared with
urban (13/74; 17.6%) areas, which showed a significant association between residence and
occurrence of CAs (P = 0.018) ( Table 1). Forty-six (62.1%) cases were male, 17 (36.5%) were
female and 1 (1.4%) had ambiguous genitalia. There was a male to female ratio of 1.7:1, but the
difference was not significant (P = 0.241). Sixty-three (85.1%) births were full term and 11
(14.9%) were preterm, but the difference was not significant

(P = 0.203). Seventy-one (95.9%) births were singletons and 3 (4.1%) were twins, and in all
cases the second twin was normal.
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Regarding maternal parity, 34 (45.9%) infants were born to women of fourth gravida or more, 17
(23%) were third gravida, 13 (17.6%) were second gravida and 10 (13.5%) were primigravida
(Table 1). There was a significant association between multiparty and CAs (P = 0.001). Only 32
(43.2%) mothers received antenatal care (= 3 visits), and there was a significance difference
between poor attendance to antenatal clinic and CAs (P = 0.001). Five cases (6.8% )were
prenatally diagnosed (3 had CNS anomalies, 1 had renal anomalies and the other had multiple
CAs). Consanguinity was positive in 41 (55.4%) cases with CAs, which was statistically
significant (P = 0.001) (Table 1). History of maternal systemic illness was reported in 8 cases
(10.8%) (anaemia, cardiac problem, thyrotoxicosis, hypertension and breast cancer). Thirteen
(17.6%) cases with CAs had perinatal complications as pregnancy-induced hypertension (PIH),
gestational diabetes, pre-eclampsia, polyhydramnios, oligohydramnios, exposure to magnetic
resonance imaging radiation, and multiple pregnancies. Seventeen cases (23%) with CAs had a
history of complications during previous pregnancies (birth defects, abortion and stillbirths).

Cardiovascular system anomalies were the most commonly reported (24/74; 32.4%) (Table 2).
Among this group, the most frequent anomalies were anomalies of cardiac septa (10/74;
13.5%). The musculoskeletal system anomalies were the second most common (14/74; 18.9%);
the most frequent anomalies were talipes equinovarus (9/74; 12.2%). Chromosomal anomalies
were the third most common (8/74; 10.8%); the most frequent anomalies were Down’s
syndrome (7/74; 9.5%). Seven (9.5%) had CNS anomalies; the most frequent was congenital
hydrocephalus (2/74; 2.7%). Other anomalies are listed in Table 2, and 3 (4.1%) had
multisystem anomalies. The lowest frequency of CAs was related to the urinary system (2/74;
2.7%).

Discussion

We found 74 (7.4%) CAs among 1000 neonates in Fayoum Governate, Egypt. This is high
when compared with studies in other governorates in Egypt: 3.17% in Giza (18), 2.75% in Cairo
(15), 2.06% in Assiut (19) and 2.5% in Zagazig (20). Regional differences in percentage of CAs
from 1 area to another may be attributed to many factors, such as different methods used for
detection and reporting of CAs, and differences in environmental exposure, nutritional status
and habits of pregnant women in a particular locality (19). Higher rates of consanguinity in
Upper Egypt may have contributed to the increase in CAs. The high percentage of CAs in our
study could have been because the study was conducted in 2 major referral hospitals in
Fayoum Governorate, or it may indicate the presence of environmental teratogens (e.g.,
pesticides) or other risk factors within the Governorate that need to be investigated.

Other countries have shown variable rates of CAs: 2.46% in Oman (21), 1.25% in Kuwait (22),
2.4% in Lebanon (16), 3.76% in the Islamic Republic of Iran (23), 15% in Pakistan (24), 6.2% in
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Nigeria (25), 6.2% in Barbados (26), 2.89% in the United States of America (USA) (27), 8.39%
in Nepal (28) and 6.2% in Bangladesh (29). These differences were probably due to differences
in study design (data source and length of observation) (26). The incidence of CAs can be
determined by several factors such as the population, duration, location and date of the study
(30). Variable rates of CAs could also be related to different social, ethnic and racial factors
(31).

According to the EUROCAT criteria for CAs, minor anomalies are those that have lesser
medical, functional or cosmetic consequences. In our study, we considered as minor anomalies
isolated hypospadias, talipes calcaneovalgus, congenital laryngiomalacia, isolated polydactyly,
congenital palato-oesophogeal incoordination, benign undescended testicles and choledocal
cyst. Out of 74 CAs, 16 were grouped as minor anomalies (21.6%) and 58 as major anomalies
(78.4%). The latter was greater than in a study in Nigeria (25), where 59.6% had major
anomalies.

In the current study, cardiovascular anomalies were the most commonly reported (32.4%)
followed by musculoskeletal (18.9%), chromosomal (10.8%), CNS (9.5%), GIT (6.8%), genital
(5.4%), eye, head and neck (5.4%), respiratory (4.1%), multisystem (2 or more) (4.1%), and
renal and urinary (2.7%) anomalies. In Lebanon, the most common were cardiovascular and
limb anomalies (both 16.6%) (16). In Barbados, the most common anomalies were
cardiovascular (20.4%) followed by malformations of the musculoskeletal system (15.5%) and
digestive system (13%) (26). In the USA, the most commonly affected area were the
cardiovascular (35.5%) and genitourinary (27.7%) systems (27). In Bangladesh, the most
common anomalies involved the cardiovascular system (59.04%), followed by club foot (8.57%)
and Down syndrome (7.61%) (29). In Egypt, CNS anomalies were the most frequent, followed
by chromosomal and genital Janomalies (15). Similarly, in Turkey, the most common anomalies
were related to the CNS, followed by cleft palate and lip and musculoskeletal disorders (32). In
Iraq, the most common CAs were CNS anomalies, cleft palate and lip and musculoskeletal
anomalies (33). CNS anomalies were the most common in the Islamic Republic of Iran, followed
by congenital heart disease and ear/eye defects (34). In the United Republic of Tanzania, the
most affected region was the CNS, followed by the musculoskeletal and GIT systems (35). In
other areas in Egypt, in Assiut, the most frequently involved area was the musculoskeletal
system, followed by genitourinary system and CNS (19). In Zagazig, anomalies of the
musculoskeletal system were the most commonly reported, followed by the CNS and GIT (20).
In conclusion, CAs of the cardiovascular and musculoskeletal systems seem to be the most
commonly reported in the literature.

In the current study, the rate of CAs was higher among male (62.1%) than female (36.5%)
neonates, which was consistent with other studies in Egypt (15,20) and other countries (5,32),
although the sex difference was not significant. The male preponderance for CAs is thought to
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be that male embryos are more vulnerable to oxidative stress (19).

In our study, 55.4% of neonates with CAs were born to consanguineous parents, which differed
significantly from the number born to non-consanguineous parents. This shows that positive
consanguinity is one of the risk factors for Cas. Several other studies have reported similar
results (15,20,16). The Arab preference for consanguinity to maintain the family property and
structure, easier marital arrangements, and financial advantages will always be a risk factor for
CAs.

Most of the anomalies in our study were detected in infants born to mothers aged 21-29 years.
A similar maternal age range was reported in a study of CAs in India (31), whereas El Koumi et
al. reported a wider maternal age range between 20 and 35 years (20). Other studies in
Entebbe (Uganda), Egypt and in Ebril (Kurdistan) have found that most infants with CAs were
born to mothers aged > 35 years (3,15,32), who have an increased risk of chromosomal
aberrations (15). However, in Nepal, most of the CAs occur in mothers aged

In the current study, multiparity was significantly associated with CAs (45.9%). Other studies in
the United Republic of Tanzania and Egypt were consistent with our findings (15,19,35). This is
probably a consequence of higher maternal age (19) and the grand multipara is associated with
higher risks of obstetric complications such as gestational diabetes, PIH, maternal anaemia and
postpartum haemorrhage. In contrast, most CAs were found in primigravida women in Nepal
and India (25,28).

In our study, 82.4% of neonates with CAs had a maternal history of rural residence. This may be
related to the higher risk of exposure to insecticides and pesticides in rural areas. It may also be
related to increased consanguinity rate, which is the cultural norm in rural areas. However, in
Assuit, there was no significant difference between maternal residence and CAs (19).

Most neonates in our study were full term (85.1%) and 14.9% were preterm. Other studies in
Zagazig and the USA have reported a high rate of birth defects among premature infants
(20,27). In the present study, 75.7% of neonates had average birth weight 2.5—4.0 kg. Tenali et
al. agree with our findings, and 57.5% of their cases in India had an average weight (30), while
other studies showed an increased incidence of CAs in babies of low birth weight (20,26,28).

We consider that proper antenatal care is to fulfil at least 3 antenatal visits. CAs were
significantly associated with history of poor attendance at the antenatal clinic (0 3 visits), and
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56.8% of mothers in our study had poor antenatal care. Mothers were not informed about the
importance of proper nutrition and multivitamins and folic acid administration during their
pregnancies, which influenced fetal cell division and growth. Our findings were consistent with
other studies in Cairo (15).

In the current study, 82.4% of cases with CAs were delivered by caesarean section. However,
this was not significant and agrees with other studies in Egypt and Brazil (5,15). Other studies
have shown a significant association between the mode of delivery and CAs (19). This was
most probably related to obstetric complications or fear of fetal distress during normal vaginal
delivery directing the obstetrician to recommend caesarean section.

Maternal medical disorder was present in 10.8% of cases: anaemia (4.1%), cardiac disease
(1.4%), thyrotoxicosis (1.4%), hypertension (2.7%) and breast cancer (1.4%). Another study in
Cairo reported 14% of cases with maternal medical disorders (15). Perinatal complications
represented 17.6%: PIH in 5.4%, polyhydramnios in 1.4%, oligohydramnios in 1.4%, exposure
to radiation in 1.4%, multiple pregnancies in 4.1%, gestational diabetes in 2.7% and
pre-eclampsia in 1.4%. A previous study in Cairo reported that 11% of cases with CAs had a
history of perinatal complications (15) while Tenali et al. found perinatal complications in 50% of
cases in India (30). In our study, only 4 cases (5.4%) of CAs were diagnosed prenatally,
indicating poor prenatal care among the population of Fayoum. Twenty-three percent of the
mothers experienced complications during their previous pregnancies and 14.9% had a history
of spontaneous abortion. A previous study of CAs in Egypt reported about 50% of mothers had
complications during their previous pregnancies (15).

Our study had some limitations. This was a hospital-based study that may not reflect the overall
situation with CAs in the wider community. To obtain a better picture, a community-based study
should be conducted. We only targeted structural malformations, , functional anomalies were
not included. Our study included only live births and stillbirths and pregnancy terminations were
not included.

Conclusion

Cardiovascular, musculoskeletal and chromosomal anomalies were the most common type of
CAs reported in the current study. Other anomalies involved the CNS, GIT, genital system,
eyes, head and neck, respiratory system, or 2 or more systems. The least-frequent were renal
and urinary anomalies. CAs were associated with risk factors such as consanguinity, poor
attendance at the antenatal clinic, multiparity and rural residence. Other risk factors such as
drug exposure, abnormal outcome of previous pregnancies and maternal illness were also
reported. Unfortunately, poor antenatal care and lack of proper prenatal diagnosis were
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documented. Knowledge of the incidence and pattern of CAs is important to plan for proper
preventive strategies at different levels by healthcare providers.
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Anomalies congénitales chez les nhouveau-nés dans le gouvernorat de
Fayoum, Egypte
Résumé

Contextell: L'incidence mondiale des anomalies congénitales est comprise entre 3 et 7 % selon
les estimations, mais les chiffres réels varient considérablement selon les pays. Les
malformations congénitales sont les premiéres causes de mortalité infantile, soit environ 25 %
de I'ensemble des décés néonatals.

Objectifs: L'étude vise a déterminer la prévalence des anomalies congénitales chez les
nouveau-nés dans le gouvernorat de Fayoum. Elle tend également a classifier les
malformations et a clarifier I'association entre les anomalies congénitales et les différents
facteurs de risque possibles.

Méthodesll: Une étude transversale a été menée sur 1000 nourrissons dans l'unité de soins
intensifs néonatals et les services de consultations externes de I'hdpital universitaire de Fayoum
et de I'nopital général de Fayoum entre ao(t 2017 et avril 2018. Les antécédents détaillés ont
été collectés, un examen clinique et des enquétes pertinentes ont été réaliseés.

Résultatsl: La prévalence des anomalies congénitales était de 7,4 %. Les malformations
majeures représentaient 78,4 % de toutes les anomalies et les malformations mineures
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constituaient 21,6 %. Les anomalies congénitales les plus fréquentes concernaient le systeme
cardio-vasculaire (32,4 %), suivi des anomalies musculosquelettiques (18,9 %), des anomalies
chromosomiques (10,8 %), des anomalies du systéme nerveux central (9,5 %), des voies
gastro-intestinales (6,8 %), de I'appareil génital (5,4 %), des yeux, de la téte et du cou (5,4 %),
du systeme respiratoire (4,1 %), des systemes multiples (deux ou plus) (4,1 %) et des systemes
rénal et urinaire (2,7 %). Sur 'ensemble des cas, 82,4 % venaient des zones rurales, 62,1 %
étaient des hommes, 36,5 % des femmes et 1,4 % étaient ambigus ; 85,1 % des nouveau-nés
souffrant de malformations étaient nés a terme.

Conclusionl: Les anomalies cardiovasculaires, musculosquelettiques et chromosomiques
étaient les anomalies congénitales les plus fréquentes dans notre étude. La consanguinité
positive, la faible fréquentation des cliniques prénatales, la résidence rurale et la multiparité
étaient les facteurs de risque les plus fréquemment associés aux anomalies congénitales.
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