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1. Introduction

Congenital anomalies are conditions of prenatal origin that can be identified pre-
natally, at birth, or may only be detected later in infancy. They include structural
and functional abnormalities that impact fetal or infant health, development and/or
survival. Congenital anomalies have a significant impact on individuals, families
and healthcare systems as they contribute to perinatal mortality and morbidity.
These anomalies can occur in isolation (single defect) or as a group of defects
(multiple defects), and have different names such as congenital abnormalities, mal-
formations, disorders or defects. An estimated 240,000 newborns die worldwide
within 28 days of birth every year due to birth defects. Birth defects cause a fur-
ther 170,000 deaths of children between the ages of 1 month and 5 years. More-
over, low- and middle-income nations are disproportionately impacted by con-
genital abnormalities, which are one of the primary causes of the global disease
burden [1] [2].

Ultrasound Scanning (USS) is an ideal imaging procedure for a primary di-
agnostic and screening method during pregnancy. The detection of anomalies
could be hampered by factors that intervene with visualization like maternal ob-
esity, oligo/anhydramnios, fetal position and reverberation caused by bone. This
would indicate another screening modality like magnetic resonance imaging. The
types of fetal anomalies, which can be detected by ultrasonic diagnosis in dif-
ferent gestational ages, include: central nervous system, genitourinary, car-
diovascular, respiratory, gastrointestinal, musculoskeletal, facial deformity, as-
cites and pleural effusion, cystic hygroma, teratoma and multiple malforma-
tions [1] [3].

Second-trimester scan, between 18 and 22 weeks, remains the standard for
fetal anatomical assessment worldwide. However, significant improvement in
detecting fetal abnormalities in the first trimester of pregnancy is also recognized
[4].

The European Surveillance of Congenital Anomalies (EUROCAT) was set up
for detecting any epidemic of congenital anomalies. The prevalence and trend of
61 congenital anomaly subgroups (excluding chromosomal) in 25 population-based
EUROCAT registries (1980-2012) indicated a significant increase in Congenital
Heart Disease (CHD) which was attributed to the increase in the number of di-
abetics as well as overweight mothers; while the decrease of the prevalence of
limb reduction could not be explained. The increase in renal anomalies was due
to rigorous screening; the reported birth prevalence of congenital heart disease
had reached an estimate of 9/1000 live births in the last 15 years; the birth pre-
valence of congenital heart disease varies according to the geographical location
of the patient and the severity of the heart defect [5].

The Netherlands National Screening Program on prenatal detection of severe
congenital heart anomalies was evaluated. It was found that the detection rate of
all CHD increased significantly from 35.8% before to 59.7% after the introduc-
tion of the National Screening Program (p < 0.001). It was concluded that pre-
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natal detection of CHD remains challenging, especially for ultrasonographers
who were minimally exposed to these anomalies [6]. It cannot be denied that
computerized birth registries and new software applications play a signifi-
cant role in analyzing and identifying trends; consequently, the current study
attempted to apply similar technologies in spatially distributing the types of de-
fects for visualization and easy capture of regions that require more attention in
terms of antenatal health services. The identification of multiple congenital de-
fects was made more accurate by combining population-based birth defect data
such as EUROCAT with epidemiological data in a computer-based algorithm
(7].

A household survey was conducted in Nepal villages on a sample of 21,111
women and 27,201 children with congenital defects. The prevalence of congenit-
al defects was 52.0/10,000 children (95% CI: 44.0 - 61.0), and the majority were
born to mothers with poor health. One of the most severe forms of congenital
defects was Neural Tube Defects (NTDs) which can be prevented through prop-
er nutrition and folic acid supplements [8]. The province of Shanxi in China had
the highest reported worldwide incidence of congenital heart defects which was
partially attributed to the presence of coal mines and many other minerals in the
soil. Various strategies were applied in order to reduce the incidence. A spatial
and temporal analysis of a live and stillbirths was conducted in two Chinese lo-
calities between the years 1998-2012. The findings indicated that the interven-
tions implemented by the government, such as food fortification by adding five
micro-nutrients, might have a positive impact on reducing the overall incidence
of NTDs. The results also revealed the existence of significant spatial heterogenei-
ty. NTD clusters were identified in areas close to coal sites and main roads even
after intervention [9].

Food fortification with folic acid is a proven strategy to reduce neonatal and
under-five mortality in general and those associated with spina bifida in particu-
lar, and it is recommended that countries implement mandatory folic acid forti-
fication of staple foods without further delay [10].

This study aimed to estimate the prevalence of congenital defects, their types
and geographical distribution in pregnant women who had ultrasonography ex-

aminations at the Fetomaternal Unit of Soba University Hospital, Sudan.

2. Methodology

A facility-based retrospective record-based study combined with a communi-
ty-based survey was implemented. The research was conducted in the Fetoma-
ternal Unit of Soba University Hospital in Al Khartoum (Sudan), where a pur-
posive convenient sample of 138 ultrasonography records was extracted, in
March-May 2018, from the electronic database of a total of 2500 patients ex-
amined during the period of January 2016 to December 2017. Hence, the sample
examined represented 5.5% of the women who had ultrasonography screening

during the period of January 2016 to December 2017. A standardized data tool
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was used to extract the data needed to address the research objective. The re-
search tool had two parts; Part 1 for recording maternal characteristics and part
2 for fetal characteristics. A community survey was conducted through a tele-
phone interview to collect the missing data on the residence of participants, mother
and child’s current health status (at the time of interview) and the outcome of
the pregnancy.

The data collected were computerized using a template elaborated in Epi In-
fo™ 7.1.5.2, free software developed by the Center for Disease Control, Atlanta,
USA. The Statistical Package for Social Sciences (SPSS version 23) was used to
summarize the data numerically (mean, standard deviation and median) and
graphically (frequency tables for estimating prevalence and graphics). Google Earth
Pro 7.1.8.3036 (32bit) was used to obtain the geographical coordinates (latitudes
and longitudes) of the residence of the participants. The Geographical Informa-
tion System (ArcGIS 10.3 for Desktop version 10.3.043322) was used to elabo-
rate the spatial distribution map of congenital defects.

Ethical Approval and Consent to Participate

The research was reviewed by the Institutional Review Committee of the Uni-
versity of Medical Sciences and Technology (UMST) and was authorized by the
General Director of Soba University Hospital. The community-survey obtained a

verbal well informed consent from all the participants.

3. Results
3.1. Characteristics of Participants

The age of the 138 females, who went through ultrasonography screening, ranged
from 17 to 40 years with an average age (median) of 29 years. 40.6% (56/138)
were highly educated whereas 5.8% (8/138) had never attended a formal school-
ing. Their gynecological and obstetrical backgrounds revealed that their gravidi-
ty ranged from 1 to 8 pregnancies with an average of 3 pregnancies; their average
parity of 2 varied from 0 to 8. They had between 0 to 8 miscarriages as revealed
in Table 1. Figure 1 displayed the geographical distribution of the participants

according to their respective state of residence.

3.2. Types and Prevalence of Congenital Defects

Types of Congenital Defects

Congenital defects were present in 38 of 138 pregnant women who went through
ultrasonography screening. This represented a proportion of 27.5% (38/138) con-
genital defects of all types. Table 2 revealed the details of the ultrasonography
screening results and Figure 2 displayed the distribution of congenital anomalies
in the involved states. The ultrasonography screening revealed that neural tube
defects were the most prevalent anomalies with 13.0% (18/138), which represented
47.3% (18/38) of all defects. The ultrasonography examination also revealed car-
diac (10.5%, 4/38), renal (7.9%, 3/38), musculoskeletal (5.3%, 2/38) and abdo-
minal wall (2.6%, 1/38) anomalies. Multiple defects (more than one system
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Figure 1. Geographical distribution of the study participants based on their state of origin (n = 138)

Table 1. Characteristics of the study participants (n = 138).

Variable Number %
Study setting (n = 138)
Soba University Hospital (SUH) 138 100
Education levels (n = 138)
University or higher 56 40.6
Secondary 46 33.3
Primary 28 20.3
Never been to school 8 5.8
Age in years (n = 138)
Median 29
Min-Max 17 - 40
Gravidity (n = 138)
Median 3
Min-Max 1-11
Parity (n = 138)
Median 2
Min-Max 0-8
Miscarriage (n = 137)
Median 0
Min-Max 0-8
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Figure 2. Geographical distribution of the congenital defects (n = 38) diagnosed through ultrasono-

graphy in Soba Fetomaternal Unit.

Table 2. Results of 138 women who went through ultrasonography screening in Soba Fe-
tomaternal Unit.

Type of congenital defect Number %
No structural abnormality 100 72.5
Neural tube defect 18 13.0
Multiple defects 5 3.6
Others 5 3.6

Cardiac defect 4 2.9
Renal defect 3 2.2
Musculoskeletal defect 2 1.4
Abdominal wall defect 1 0.8

affected) represented 13.2% (5/38) of the total anomalies detected (n = 38) whe-
reas hydrops, cystic hygroma and down syndrome categorized as “others” were
13.2% (5/38).

The neural tube defect was diagnosed in young adult women aged on the av-
erage (median) 29 years (range: 21 - 39 years). These women had a history of 4
pregnancies (range: 1 - 11) which lasted on an average delivery of 2.5 ranging
from 0 to 8. Unfortunately, they presented late for ultrasound screening with an
average (median) gestational age of 31 weeks.

The other types of congenital defects (n = 20), except neural tube anomaly,

were diagnosed in women aged 28 years ranging from 17 to 40 years, they had
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an average of 3 pregnancies (range: 1 - 6) and delivered between 0 and 5 new-
borns with an average of 2 newborns. They presented to ultrasound examination
earlier than those with neural tube defects with an average of 29 weeks ranging
from 14 to 36 weeks; 85.0% (17/20) who presented at a gestational age > 25
weeks, one participant (1/20) was examined at a gestational age of 14 weeks and
10.0% (2/20) at the period between 18 and 24 weeks.

Maternal and Child Health Status

Telephone interviews enabled to collect the data which were missed from the
ultrasound reports. These data were the pregnancy outcome, the mothers and
children health status at the time of the interview. Except one participant whose
husband verbally consented to provide the above information, all the partici-
pants freely provided the data related to their pregnancy outcome, their health
status and the child condition.

Regarding the outcome of the pregnancy, 79.7% (110/138) of the participants
delivered live newborns without disability and 1.4% (2/138) of the newborns
presented anomalies at the delivery. Stillbirth was recorded in 4.4% (6/138) of
the participants. A perinatal mortality rate of 14.5% (20/138) was reported with
respectively 6.5% fetal and 8.0% neonatal deaths (Table 3).

Table 3. Pregnancy outcomes, mother and children health status at time of interview and
ultrasound screening results (n = 138).

Ultrasonography results

Variable Neural Othe‘r No‘ Total Total %
tube congenital congenital defects

Pregnancy outcome

Alive without apparent

disability 12 7 91 19 110 79.7
Alive with a disability 0 0 2 0 2 14
Fetal death 3 5 1 8 9 6.5
Neonatal death 3 4 4 7 11 8.0
Stillbirth 0 4 2 4 6 4.3

Total 18 20 100 38 138

Maternal health status

Unwell 0 1 2 1 322
Well 18 19 98 37 135 97.8

Total 18 20 100 38 138

Child health status

Alive and well 5 5 86 10 96 69.6
Alive with complication 4 2 4 6 10 7.2
Deceased 9 13 10 22 32 232

Total 18 20 100 38 138
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At the time of the interview, 97.8% (135/138) of the participants were in
good health; of the three participants who reported not being healthy, their ul-
trasonography screening had not detected any congenital defect in two and
one was diagnosed with a congenital defect other than NTDs. Concerning the
children, a mortality rate of 23.2% (32/138) was reported; the ultrasonography
screening was normal for 31.3% (10/32) and congenital defects were diagnosed
in 68.8% (22/32). 7.2% (10/138) of the children lived with complications.
Overall, only 69.6% (96/138) of the children were living healthily at the time of

interview.

4. Discussion

Of the 138 cases that underwent ultrasound examination in our study, the pre-
valence of congenital structural defects was estimated at 2.2/10,000 live births
(range: 0.3 - 7.4/10,000). This prevalence was comparable with the 7.2% and
2.5% reported in the literature [3] [11]. Neural tube defects were the most pre-
valent congenital defects (13.0%); this was in line with published data [10] and
contradicted those publications [8] [9] where the most prevalent anomalies were
congenital heart defects. As it is known that folic acid treatment in the first tri-
mester can prevent neural tube defects, our findings indicated that the antenatal
care provided in primary health care settings should be enhanced by a health pro-
motion message emphasizing the importance of taking folic acid supplements.

It has been suggested that congenital malformations may emerge in the first tri-
mester of pregnancy as a result of genetic aberrations or gene-environment in-
teraction. The etiology is predominantly multifactorial, arising from complex
gene-environment interactions that impair normal embryo-fetal development. En-
vironmental factors (such as chemical toxins, infectious agents, maternal sickness,
and exogenous factors) can have pre-conceptional mutagenic, post-conceptional
teratogenic, peri-conceptional endocrine disruption and epigenetic effects [11].
Unfortunately, our research did not investigate the impact of environmental fac-
tors in our country where irrigated farming using pesticides is widely practiced.
Another limitation of our research was the convenient sampling technique used
due to the inaccessibility of the entire database of ultrasound records available.
However, as an explorative study, the findings revealed that neural tube defects,
preventable through supplementation, were the predominant anomaly. The use
of spatial distribution software for mapping health conditions facilitated the vi-
sualization of locations with the highest concentration of affected population,
hence enhancing relevant stake-holders ability to respond promptly. Healthcare
providers are urged to promote maternal health, incorporate ultrasonography
screening into routine antenatal care and support pregnant women with abnor-

mal fetal outcomes.
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