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ABSTRACT
Fetal congenital anomalies are among the leading causes of perinatal death or survival with disability worldwide. Their 
accurate antenatal detection employing a range of fetal imaging techniques enables parental choices to be made and for 
postnatal care of affected babies to be planned. While such prenatal care is well developed in developed countries of the 
world, it remains poor in many low‑ and middle‑income countries (LMICs). This review article examines the scope of the 
problem and proffers strategies for service organization and fetal imaging that will improve care in LMIC settings.
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Introduction

Congenital anomalies are among the leading causes of 
perinatal morbidity and mortality worldwide and represent 
a significant challenge to public health globally.[1] According 
to the World Health Organization (WHO) and other sources, 
major congenital anomalies affect 2%–3% of infants worldwide 
with a greater proportion occurring in developing countries 
and communities where consanguineous marriage is rife.[1-3] 
It is also estimated that 20%–30% of global neonatal deaths 
are due to congenital anomalies, with 95% of all such deaths 
occurring in the low- and middle-income countries (LMICs).[1]

The incidence of congenital anomalies varies from country to 
country and is reported to be as low as 1.1% in Japan and as high 
as 4.3% in Taiwan. Most prevalence rates reported from other 
countries fall within this range: 2%–3% in the United Kingdom, 
1.5% in South Africa, 3% in the United States, and 3.65% in India.[1] 
The birth prevalence in the developing world is underestimated 
due to deficiencies in diagnostic capabilities and lack of reliability 
of medical records and health statistics.[4,5] Given the paucity 

of data from developing countries, reliance for estimating the 
quantum of the problem is placed on hospital-based studies. In 
some of such studies in Nigeria, the prevalence of congenital 
anomalies was reported as ranging between 0.5% and 9.9%.[6-10]

Although the major risk factors for congenital anomalies 
are advanced maternal age, chromosomal abnormalities, 
mutant genes, and teratogenic agents, no specific risk factor 
is identifiable in 80%–90% of cases. Because of this, early 
prenatal diagnosis by fetal imaging is the principal diagnostic 
approach for detecting anomalies, thus optimizing care, 
reducing perinatal morbidity and mortality, and enhancing 
parental choice of either continuing with a pregnancy with 
major anomalies or terminating it.[11-13]

In this review, we are highlighting the gaps in the delivery of 
fetal diagnostic services in developing countries, based on 
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the modalities for fetal imaging employed for detection and 
management of congenital anomalies. We suggest potential 
strategies for improving fetal screening and diagnosis by a 
more coordinated approach to the planning, organization, 
and delivery of these services in resource-limited economies.

Fetal Imaging in Prenatal Screening and 
Diagnosis

In the past four decades, the development of screening for 
fetal anomalies has profoundly affected perinatal care in 
most developed countries.[14-16] This has been due mainly to 
advances in prenatal imaging (such as ultrasonography with 
Doppler and ultrafast magnetic resonance imaging [MRI]) 
and biochemical techniques, as well as the more widespread 
availability of specialist training in fetal anomaly imaging.

Ultrasonography: 2-Dimensional ultrasound (US) has been 
the principal method of imaging fetal abnormalities in the 
developed world.[16-18] Recently, the introduction of three- and 
four-dimensional US has been reported to enhance the 
assessment of specific fetal anomalies, although these 
modalities have not been consistently shown to improve 
overall detection rates of fetal anomalies[19-21] especially when 
particular organs such as the brain,[22] heart,[23] face, and palate 
are being evaluated.[24,25] Early pregnancy US was initially 
introduced for the purpose of determining fetal viability, 
measuring crown-rump length to achieve accurate pregnancy 
dating, determining pregnancy location, and determining 
fetal number and chorionicity, in multiple pregnancies.[26-29] 
Mid-trimester ultrasonography between 18 and 21 weeks 
has traditionally enabled imaging to screen and detect fetal 
structural anomalies. With the advent of transabdominal and 
transvaginal high-frequency transducers, sonologists are now 
able to image the fetus in greater detail at all gestational 
ages.[26-28] Some anomalies will nearly always be detectable in 
the first trimester, e.g., anencephaly, holoprosencephaly, facial 
cleft, and conjoined twins.[30,31] However, many (e.g., fetal 
heart anomalies) remain too subtle to be detected that early, 
requiring second trimester scanning.[32,33] The introduction 
of Doppler technology for fetal imaging has also improved 
the detection of fetal anomalies especially in the area of fetal 
echocardiography.[31,33,34] Although all of these techniques 
are routinely available in most maternal healthcare facilities 
in developed countries, they remain largely unavailable, 
inaccessible, or unaffordable in resource-poor countries with 
rudimentary fetal care services.[35-37]

Magnetic resonance imaging: Ultrasonography has limitations 
when employed to detect fetal anomaly. Image resolution may 
be limited due to fetal position and movement, reduced amniotic 
fluid volumes, maternal obesity, and the state of filling of the 

maternal bladder. In such situations, repeated examinations 
may be required. MRI has emerged as a complimentary 
imaging modality for assessing the fetus and is now widely 
available in many developed countries, when a sonographic 
abnormality is detected or suspected and further diagnostic 
information is considered useful in pregnancy management. 
It has been reported to have little or no adverse impact on 
the mother and fetus, although its safety in first trimester has 
not been fully evaluated.[17,38] Many studies have reported that 
fetal MRI allows more detailed observation than prenatal US 
and therefore provides additional information to confirm or 
change a diagnosis and possibly alter clinical care.[17,21,39-41] 
There is emerging evidence of this added benefit when 
assessing the fetal central nervous system (CNS), congenital 
diaphragmatic hernias, and abnormalities of the genitourinary 
system. It is, however, not recommended as a primary imaging 
modality but as an adjunct to US for prenatal diagnosis.[19,41] 
This is on account of its cost, availability, and ease of use.[17,19] 
Considerable expertise is required for its interpretation, a 
fact that militating against its adoption for fetal imaging in 
resource-poor countries, where ultrasonography is virtually 
the sole imaging modality available for prenatal diagnosis.[42,43]

Management Options Following Prenatal 
Diagnosis

Accurate diagnosis of fetal anomalies enables couples to make 
informed choices regarding the care provided to them. Earlier 
detection of fetal structural abnormalities allows for earlier 
decision-making regarding whether to terminate the severely 
affected fetus or to refer the mother for care and delivery at 
a tertiary center staffed by the appropriate specialists.[44,45]

Prompt referral of cases of congenital anomalies at the time 
of prenatal diagnosis has greatly influenced optimization of 
care, thus, improving perinatal mortality and morbidity in 
the developed countries.[44,46]

Although termination of pregnancy at a wide spectrum of 
gestations is possible in most developed countries, restrictive 
abortion laws, and lack of expertise and facilities preclude this 
as an option in many developing countries of the world.[47,48] In 
the latter settings, fetal autopsy to clarify the fetal diagnosis 
and determine the risk of recurrence is also often not feasible 
due to limited availability of such services and sociocultural 
and religious restrictions.[49,50]

Gaps in Provision of Fetal Screening and 
Diagnosis Services in Developing Countries

There are many factors that militate against the provision 
of effective fetal screening and diagnosis in developing 
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countries when compared with the more developed 
countries. These challenges mean that women often do not 
have the fetal screening options for pregnancy care that 
optimize outcomes. These deficiencies range from gaps 
in the provision of services and healthcare policies to a 
paucity of suitable imaging equipment, as well as the lack of 
appropriately trained pediatric surgeons, neonatologists, and 
perinatal pathologists. Even when these facilities exist, there 
are often limitations to access as a result of undeveloped 
transport and referral systems. We highlight some of the 
gaps in this section and recommend approaches for change.

Lack of a coordinated healthcare policy in relation to 
fetal medicine services
Most developed countries have standard policy 
recommendations regarding the provision of prenatal 
screening and diagnosis services. Such policies clarify and 
recommend minimum standards in respect of the provision 
of prenatal aneuploidy screening, fetal imaging, and the 
provision of safe pregnancy termination services. In most 
of these countries, all pregnant women are expected to 
have two or three routine US scans (one in each trimester), 
with additional scan services being provided for high-risk 
pregnancies.[51-53] Should a lethal or major fetal anomaly be 
detected, the option of termination of pregnancy is also 
available at different gestational age cut-offs, depending on 
the country.[48,54]

Prenatal US is sometimes requested by healthcare providers 
in the developing world, either as part of a routine baseline 
prenatal evaluation or for specific clinical indications 
evolving during the course of the pregnancy. However, 
opinions are still divided regarding the cost–benefit and 
rationale for routine prenatal US in a normal unselected 
population.[55] Some regulatory bodies do not support the 
routine use of US in a low-risk population.[56] In Nigeria, 
as an example of a country in sub-Sahara Africa, there are 
no national guidelines for prenatal screening, the request 
often being made on the initiative of the clinical care 
provider.[55]

Restrictive abortion laws and lack of abortion services.
Abortion laws are significantly more restrictive in most 
developing countries, where it is allowed only to save the 
woman’s life. It is, however, often permitted on the grounds 
of lethal fetal anomalies in some of these countries. Whereas 
84% of developed countries permit abortion due to fetal 
anomalies, only about 32% of countries in the developing 
region allow it.[57,58] Such restrictive legislation reduces the 
potential clinical and economic benefits of US screening for 
fetal anomalies in such countries.[59-61]

Low level of health education and lack of adequate 
antenatal care
In most of sub-Saharan Africa, only 30% of pregnant women 
in the urban areas have access to an obstetric US service, 
whereas in rural areas, this figure is estimated to be much less 
at about 6%,[42] similar to most other developing countries. 
This is because most women, especially those in the rural 
areas, are ignorant of the availability of prenatal screening 
for anomalies, some of the reasons being that they have 
limited access to adequate antenatal care and appropriate 
health education.[62] Some reports suggest that up to half of 
all pregnant women in LMICs do not have access to adequate 
antenatal care.[62] WHO and expert reports consistently 
highlight this lack of access to local, adequately resourced, 
healthcare facilities as an important reason for failed 
targets such as the Millennium Development Goals (MDG) 
4 and 5, which were aimed to reduce child mortality by 
two-thirds and to improve maternal mortality by 75% by 
2015, respectively.[62,63]

Most antenatal facilities in rural areas are under equipped, 
without prenatal imaging facilities, making them of little or no 
benefit to pregnant women. Even in some urban areas where 
these facilities are available, most women undergo imaging 
studies for reasons other than screening for anomalies. In a 
study conducted in the southern part of Nigeria, investigating 
reasons why women desire prenatal US, fetal viability was 
foremost, closely followed by gender determination among 
other reasons. None of the women mentioned prenatal 
diagnosis of fetal anomalies; this is likely to be largely due to 
their ignorance of the services,[52,55] as well as to sociocultural 
beliefs which do not allow or empower women to make 
decisions regarding their pregnancies.

Economic limitations on healthcare services: low gross 
domestic product and per capita expenditure on health
In most developing countries, little of the resources are 
usually committed to the health care of the people. Therefore, 
a pay-for-service health system is practiced making most 
health facilities to be beyond the reach of majority of the 
populace, especially the poorly educated and low-income 
parents.[2,56] For example, in Nigeria, according to the World 
Bank, the per capita government health expenditure was 
only 97 dollars in the year 2015 compared with 9,536 dollars 
in the United States.[64] Also only 4.16% of the total national 
budget in Nigeria was allocated to health in 2017, which was 
even <5.95% allocated in 2012.[65] The health expenditure of 
the Nigerian populace is out-of-pocket and unsupported by 
government funding in 95.34% of the population.[2] In contrast, 
in developed countries health care, including routine prenatal 
screening, is supported by health insurance schemes making 
it accessible and affordable for every pregnant woman.[2,16]
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Lack of appropriate infrastructure in the rural areas
Practical and logistical considerations for suitability of US in 
a rural setting are very different to the urban setting. This 
is because many of the rural settings are remote, poorly 
accessible, and have unreliable water and electricity supply. 
For example, 80% of provincial African hospitals do not have 
conventional electricity supply making them inappropriate 
for setting up prenatal diagnostic centers.[51,57]

Most adequately equipped antenatal facilities are located in 
the urban areas, usually a significant distance away, making 
it difficult for women in the rural areas to access them. This 
nonaccessibility is usually due to inadequate roads and 
expensive transportation. Even where adequate roads are 
available, most people living in the rural areas are very poor 
and cannot afford the faster means of transportation. There 
are some reports suggesting that some women have to trek 
for about 3–4 h to get to the nearest facility, an exercise which 
could well be injurious to their health.[61-63]

Sociocultural and religious factors militating against 
fetal screening and diagnosis
In the developing countries, some studies suggest that 
some women, especially in the rural areas, do not attend 
antenatal facilities because of deeply held cultural beliefs and/
or tribal traditions surrounding the nature of pregnancy and 
childbirth. Some believe that pregnancy disclosure could lead 
to unwanted religious or spiritual complications.[53,61,66] Some 
viewed pregnancy as a normal life event rather than a medical 
condition, therefore saw no reasons for antenatal care.[61]

In a study on the role of religion in decision making on 
antenatal screening for congenital anomalies, some faith 
did not consider congenital anomalies as a problem and did 
not consider termination to be an option in the case of the 
disabled fetus. Even though they support fetal screening, if 
the fetus has congenital anomalies, they believe that it is a 
sin to terminate “the life of an unborn child.” Hence, severely 
malformed fetuses are allowed to be carried to term despite 
the parents’ knowledge of the condition.[67,68] While this is a 
belief that is also held by many in developed countries, the 
potential benefit of antenatal detection of anomalies enabling 
parents and care-givers to tailor and plan postnatal care to 
optimize management of the condition when the baby is 
born is often lost to these belief systems. This is often due 
to the added problem of ignorance of options for mitigating 
the consequences of mismanaged care of the fetus born 
with congenital anomalies. For instance, antenatal detection 
of an anomaly will assist in making adequate planning and 
appropriate mode of delivery in a healthcare facility with 
optimal neonatal intensive care and pediatric surgical support.

The use of prenatal US in some countries is mainly for sex 
selection, which is having a negative impact on the affected 
societies. According to a Chinese proverb saying “it is a 
blessing to bear a son, a calamity to bear a daughter.” The 
knowledge of the child’s gender before birth has led to the 
abortion of many unborn daughters in some parts of the 
world, most notably in Asia, with significant imbalance in 
gender ratios.[57,69-73] This has informed the reticence of many 
healthcare planners to promote fetal anomaly screening 
because of the risk that surreptitious gender determination 
can lead to gender selection.[73]

Poverty of training opportunities and skilled manpower
US is the fundamental technique for prenatal diagnosis 
of malformations. Sensitivity and specificity of US for the 
detection of anomalies depend mainly on the training 
and expertise of the sonologists as well as the quality of 
the equipment used. Training in fetal anomaly screening 
requires much time and a lot of practice, close supervision 
and management, and extreme motivation.[42,52] One of the 
major challenges in developing countries is that of inadequate 
training opportunities as well as scarcity of trainers on fetal 
anomaly screening.

In a study by Adeleye et al.,[56] >90% of the prenatal US 
scans were performed in private facilities, and in >80% of 
cases, it was carried out by sonographers with questionable 
training and limited technical capability. Prenatal detection 
of abnormalities was only made in 14% of cases and these 
were mostly by trained sonographers. Furthermore, most 
of these were diagnosed in the late third trimester when 
termination of pregnancy was no longer an option in those 
practice settings. Consequently, intrauterine diagnosis of 
congenital anomalies is hardly ever made in these settings 
owing to the inadequacy of training of the sonographers.[56,72]

Use of poor-quality equipment/inadequate training on 
newly purchased equipment
Although US is becoming more available in resource-limited 
settings, the cost of purchase, technical skills required for 
maintenance, and user-dependent accuracy have limited its 
application in these settings.[74]

Due to limited resources, especially in the rural areas, 
outdated refurbished machines are usually purchased and 
this leads to generation of very low-quality images, which 
may also be contributing to the low detection rate of fetal 
anomalies.[52,57]

In settings where new US machines are purchased, they are 
usually purchased without making provision for operator 
training and maintenance. No technique is worthwhile 
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without appropriately trained specialized operators. Training 
on the equipment is at least as important as the proper 
choice of equipment. The WHO scientific group has stressed 
in its report, the need for appropriate training for general 
practitioners and specialists meant to use US. To optimize the 
use of such equipment, a sonographer or sonologist should 
be trained on the same type of machine that he is going to 
use in routine practice.[74]

Also, because of lack of maintenance culture in most 
developing countries, the quality of US images deteriorates 
with use, thereby limiting the detection of fetal anomalies.[42,57] 
Most pieces of equipment are purchased with little or 
no service and maintenance contracts, such that they are 
abandoned for relatively trivial faults which would have 
been amenable to easy repair with appropriate maintenance 
contracts.

Lack of ancillary services
The ability to make complicated fetal diagnosis is a waste if no 
clinician or facility to treat the patient is available.[52] There are 
no standardized guidelines for the management of prenatally 
diagnosed fetal anomalies in most developing countries. 
The provision of an US service must always be coupled 
with appropriate means of improving the management of 
the scan outcome. These will include the availability of 
services and specialists in genetics, neonatal intensive care, 
pediatric surgery, specialist nursing, and midwifery and 
perinatal counseling. In settings where these services are not 
available, there should be provision for transfer of a high-risk 
pregnancy to a regional obstetric center where the services 
are available. Furthermore, in the instance where lethal or 
severe fetal anomalies are detected, there should be access 
to safe abortion.[48] In these settings, access to facilities that 
will provide empathic care can make what would otherwise 
be a very difficult and sad birth experience more bearable 
for affected families.

Recommendations for improvement in the developing 
countries
The changes required need to be implemented at national, 
local, and professional levels. These will require addressing 
manpower, equipment, and infrastructural challenges.

At the national level, there is a need for the development of 
a low-cost policy for the provision of fetal imaging services. 
The need for this has been suggested by several previous 
reports, including position papers by the WHO[74] as well as 
several published articles[52] that highlighted the lack of a 
referral system. Such a policy will need to be underpinned 
by a health economic assessment that promotes low-cost 
technologies for imaging rather than technologies which 

low-resource countries cannot afford or maintain.[42] The 
policies should also be such that will inform local guidelines 
and referral pathways and these need to be well resourced 
to enable implementation.

A national or regional policy for fetal prenatal screening needs 
to be underpinned by regional fetal referral networks, which 
provide care services at primary, secondary, and tertiary 
levels. A culture of multidisciplinary team meetings across 
such networks will ensure that cross-disciplinary cooperation 
enhances the care that women and their families receive, as 
well as encourage minimum standards in quality of the service 
to be maintained by practitioners within the network. Such 
policies and practices will also engender a culture of service 
evaluation and clinical audit, often lacking in resource-poor 
settings.[75,76]

Given the issues of access to health care, there is an advocacy 
for imaging equipment such as US to be simple, portable, 
and handheld, minimizing the resources needed for servicing 
and maintenance.[42,57] For such policies to be effective, there 
is the need to stratify care such that fetal screening can be 
provided at primary, secondary, and tertiary levels so that 
fetal problems of increasing complexity can be referred to 
facilities that are appropriately staffed to enable triaging for 
optimum neonatal care.[52]

Given the fact that, there is a scarcity of appropriately 
trained US practitioners in developing countries, a program 
of training and certification will be required to ensure 
standards of practice relevant to the needs of the patients 
and communities. In this respect, collaborations between 
practitioners in established institutions in high- and 
low- resource countries will enable skills transfer to inform 
improvements. Such collaborations are also likely to enhance 
research and data acquisition regarding the scope and extent 
of the problems affecting care provision in resource-poor 
countries.[77,78] There are economic implications of promoting 
such skill transfer between institutions in developed and 
developing countries: active funding of such collaborations 
is, therefore, required by institutions requiring such skilled 
manpower, perhaps through funding support by institutions 
undertaking to provide such training, leveraging funding 
opportunities that present themselves through international 
donor agencies.[78-80]

There is also a need for low-resource countries to source 
and procure the imaging technologies that meet the crucial 
needs of fetal diagnosis in the local setting. For instance, 
countries where abortion services are only feasible for lethal 
anomalies may choose to invest in equipment that enable 
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the distinction of lethal from nonlethal anomalies, and the 
identification of major anomalies rather than the subtler 
anomalies are unlikely to profoundly affect postnatal care.[78,79] 
A coordinated approach to develop, promote, foster, and 
sustain fetal diagnostic services in resource-poor countries 
is now imperative.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
1. World Health Statistics. World Health Organization, Geneva; 2008. EB 

125/7.
2. WHO Statistical Information system: World health statistics; WHO 

2009. Available from: http://www.who.int/whosis/whostat/2009/en/ 
index.html. [Last accessed on 2019 Mar 19].

3. Ingeborg B. Epidemiological surveillance of congenital anomalies in 
Europe. ZDRAV VESTN 2009;78:175-9.

4. Penchaszadeh VB. Delivery of genetic services in developing countries. 
In: Khoury MJ, Burke W, Thompson E, editors. Genetics and Public 
Health in the 21st Century. New York: Oxford University Press; 2000. 
p. 301-27.

5. ICBDMS. Congenital Malformations Worldwide. A Report from the 
International Clearinghouse for Birth Defects Monitoring Systems. 
Amsterdam: Elsevier; 1991.

6. Akinmoladun JA, Ogbole GI, Lawal TA, Adesina OA. Routine prenatal 
ultrasound anomaly screening program in a Nigerian university hospital: 
Redefining obstetrics practice in a developing African country. Niger 
Med J 2015;56:263-9.

7. Onankpa BO, Adamu A. Pattern and outcome of gross congenital 
malformations at birth amongst newborns admitted to a tertiary hospital 
in Northern Nigeria. Niger J Paediatr 2014;41:337-40.

8. Obu HA, Chinawa JM, Uleanya ND, Adimora GN, Obi IE. Congenital 
malformations among newborns admitted in the neonatal unit of a 
tertiary hospital in Enugu, South-East Nigeria – A retrospective study. 
BMC Res Notes 2012;5:177.

9. Muktar-Yola M, Ibrahim M, Belonwu R, Farouk Z, Mohammed A. The 
prevalence and pattern of obvious congenital malformations among 
inborn babies at Aminu Kano Teaching hospital, Kano. Niger J Paediatr 
2005;32:47-51.

10. Singh S, Chukwunyere DN, Omembelede J, Onankpa B. Foetal 
congenital anomalies: An experience from a tertiary health institution in 
North-West Nigeria (2011-2013). Niger Postgrad Med J 2015;22:174-8.

11. Renna MD, Pisani P, Conversano F, Perrone E, Casciaro E, Di Renzo GC, 
et al. Sonographic markers for early diagnosis of fetal malformations. 
World J Radio 2013;5:356-71.

12. Zaputoric S, Stanojevic M, Honemeyer U, Turudic T, Kurjak A. Surgically 
correctable fetal anomalies: Ultrasound diagnosis and management. 
Donald School J Ultrasound Obstet Gynecol 2012;6:237-56.

13. Rao R, Platt LD. Ultrasound screening: Status of markers and efficacy of 
screening for structural abnormalities. Semin Perinatol 2016;40:67-78.

14. Garrett, WJ, Grunwald G, Robinson DE. Prenatal diagnosis of 
fetal polycystic kidney by ultrasound. Aust N Z J Obstet Gynaecol 
1970;10:7-9.

15. Grennert L, Persson PH, Gennser G. Benefits of ultrasonic 
screening of a pregnant population. Acta Obstet Gynecol Scand 
1978;57(Suppl 78):5-14.

16. Levi S. Routine ultrasound screening of congenital anomalies: An 
overview of the European experience. Ann N Y Acad Sci 1998;847:86-98.

17. We JS, Shin JC, Young L, Park IY, Im, SA. Usefulness of additional 
fetal magnetic resonance imaging in the prenatal diagnosis of congenital 
abnormalities. Arch Gynecol Obstet 2012;286:1443-52.

18. Pugash D, Brugger PC, Bettelheim D, Prayer D. Prenatal ultrasound 
and fetal MRI: The comparative value of each modality in prenatal 
diagnosis. Eur J Radiol 2008;68:214-26.

19. Sepulveda W, Wong AE, Sepulveda F, Martinez-Ten P, Ximenes R. 
Fetal magnetic resonance imaging and three-dimensional ultrasound in 
clinical practice: General aspect. Best Pract Res Clin Obstet Gynaecol 
2012;26:575-91.

20. Lee YM, Simpson LL. Major fetal structural malformations: The role 
of new imaging modalities. Am J Med Genet C Semin Med Genet 
2007;145:33-44.

21. Reddy UM, Filly RA, Copel JA. Prenatal imaging: Ultrasonography 
and magnetic resonance imaging. Obstet Gynecol 2008;112:145-57.

22. Kalache KD, Eder K, Esser T, Proquitte H, Stolten-Didinger G, 
Hartung JP, et al. Three-dimensional ultrasonographic reslicing of 
the fetal brain to assist prenatal diagnosis of central nervous system 
anomalies. J Ultrasound Med 2006;25:509-14.

23. Turan S, Turan O, Baschat AA. Three- and four-dimensional fetal 
echocardiography. Fetal Diagn Ther 2009;25:361-72.

24. Martinez-Ten P, Adiego B, Illescas T, Bermejo C, Wong AE, 
Sepulveda W. First-trimester diagnosis of cleft lip and palate 
using three-dimensional ultrasound. Ultrasound Obstet Gynecol 
2012;40:40-6.

25. Tonni G, Lituania M. OmniView algorithm: A novel 3-dimensional 
sonographic technique in the study of the fetal hard and soft palates. 
J Ultrasound Med 2012;31:313-31.

26. Fox T. Multiple pregnancies: Determining chorionicity and amnionicity. 
J Diagn Med Sonogr 2006;22:59-65.

27. D’Alton ME, Cleary-Goldman J. Additional benefits of first trimester 
screening. Semin Perinatol 2005;29:405-11.

28. Callen P. Ultrasonography in Obstetrics and Gynecology. 5th ed. 
Philadelphia: Saunders Elsevier; 2008.

29. Whitworth M, Bricker L, Neilson JP, Dowswell T. Ultrasound for fetal 
assessment in early pregnancy. Cochrane Database Syst Rev 2010. 
doi: 10.1002/14651858.CD007058.pub2.

30. Economides DL, Whitlow BJ, Braithwaite JM. Ultrasonography in the 
detection of fetal anomalies in early pregnancy. Br J Obstet Gynecol 
1999;106:516-23.

31. Donnelly JC, Malone FD. Early fetal anatomical sonography. Best Pract 
Res Clin Obstet Gynaecol 2012;26:561-73.

32. Lawrence DP. Should the first trimester ultrasound include anatomy 
survey? Semin Perinatol 2013;37:310-22.

33. Smrcek JM, Berg C, Geipel A, Fimmers R, Axt-Fliedner R, 
Diedrich K, et al. Detection rate of early fetal echocardiography and 
in utero development of congenital heart defects. J Ultrasound Med 
2006;25:187-96.

34. Bellotti M, Fesslova V, De Gasperi C, Rognoni G, Bee V, Zucca I, et al. 
Reliability of the first-trimester cardiac scan by ultrasound- trained 
obstetricians with high- frequency transabdominal probes in fetuses 
with increased nuchal translucency. Ultrasound Obstet Gynecol 
2010;36:272-8.

35. Shimelis D, Atnafu A. Status of radiological services in Addis Ababa 
public hospitals. Ethiop Med J 2011;49:257-63.

36. Seffah JD, Adanu RM. Obstetric ultrasonography in low-income 
countries. Clin Obstet Gynecol 2009;52:250-5.

37. Penchaszadeh VB. Reproductive health and genetic testing in the Third 
World. Clin Obstet Gynecol 1993;36:485-95.

38. Levine D. Obstetric MRI. J Magn Reson Imaging 2006;24:1-15.
39. Smith FW, Adam AH, Phillips WD. NMR-imaging in pregnancy. Lancet 

1983;1:61-2.



Akinmoladun and Anumba: Fetal imaging in developing countries

7Tropical Journal of Obstetrics and Gynaecology / Volume 36 / Issue 1 / January‑April 2019

40. Sohn YS, Kim MJ, Kwon JY, Kim YH, Park YW. The usefulness of 
fetal MRI for prenatal diagnosis. Yonsei Med J 2007;48:671-7.

41. Breysem L, Bosmans H, Dymarkowski S, Schoubroeck DV, Witters I, 
Deprest J, et al. The value of fast MR imaging as an adjunct to ultrasound 
in prenatal diagnosis. Eur Radiol 2003;13:1538-48.

42. Harris RD, Marks WM. Compact ultrasound for improving maternal and 
perinatal care in low- resource settings: Review of the potential benefits, 
implementation challenges and public health issues. J Ultrasound Med 
2009;28:1067-76.

43. Kurjak A, Breyeret B. The use of ultrasound in developing countries. 
Ultrasound Med Biol 1986;12:611-21.

44. Biarent D. Fetal anomalies and the pediatrician. Ann N Y Acad Sci 
1998;847:3-9.

45. Crombleholme TM, D’Alton M, Cendron M, Alman B, Goldberg MD, 
Klauber GT, et al. Prenatal diagnosis and the pediatric surgeon: The 
impact of prenatal consultation on perinatal management. J Pediatr Surg 
1996;31:156-63.

46. Raboei EH. The role of the pediatric surgeon in the perinatal 
multidisciplinary team. Eur J Pediatr Surg 2008;18:313-7.

47. Statham H. Prenatal diagnosis of fetal abnormality: The decision to 
terminate the pregnancy and the psychological consequences. Fetal 
Matern Med Rev 2002;13:213-47.

48. Al-Alaiyan S, AlFaleh KM. Aborting a malformed fetus: A debatable 
issue in Saudi Arabia. J Clin Neonatol 2012:1:6-11.

49. Boyd PA, Tondi F, Hicks NR, Chamberlain PF. Autopsy after termination 
of pregnancy for fetal anomaly: Retrospective cohort study. BMJ 
2004;328:137.

50. Dickinson JE, Prime DK, Charles AK. The role of autopsy following 
pregnancy termination for fetal abnormality. Aust N Z J Obstet Gynaecol 
2007;47:445-9.

51. Carrera J. Obstetric Ultrasounds in Africa: Is it necessary to promote 
their appropriate use? Donald School J Ultrasound Obstet Gynecol 
2011;5:289-96.

52. Kurjak A, Kos M. Ultrasound screening for fetal anomalies in developing 
countries: Wish or reality? Ann N Y Acad Sci 1998;847:233-7.

53. Kyomuhendo GB. Low use of rural maternity services in Uganda: Impact 
of women’s status, traditional beliefs and limited resources. Reprod 
Health Matters 2003;11:16-26.

54. Grandjean, H, Larroque, D. Levi, S. The performance of routine 
ultrasonographic screening of pregnancies in the Eurofetus Study. Am 
J Obstet Gynecol 1999;181:446-54.

55. Enakpene CA, Morhason-Bello IO, Marinho AO, Adedokun BO, 
Kalejaiye AO, Sogo K, et al. Clients’ reasons for prenatal ultrasonography 
in Ibadan, South West of Nigeria. BMC Women’s Health 2009;9:12.

56. Adeleye AO, Olowookere KG. Central nervous system congenital 
anomalies: A prospective neurosurgical observational study from 
Nigeria. Congenit Anom 2009;49:258-61.

57. Kishwar M. When daughters are unwanted - Sex determination tests in 
India. Manushi 1995;86:15-22.

58. Mindel S. Role of imager in developing world. Lancet 1997;350:426-9.
59. World Abortion Policies. 2007. Available from: http://www.un.org/esa/ 

population/publication/2007_abortion_policies_chart. [Last assessed on 
2018 Dec 05].

60. Centre for Reproductive rights, abortion and the law: Ten years of reform. 
Available from: http://www.crip.org/pdf/pub_bp_abortionlaws10.pdf. 
[Last assessed on 2019 Mar 19].

61. Finer L, Fine JB. Abortion law around the world: Progress and pushback. 
Am J Public Health 2013;103:585-9.

62. Titaley CR, Hunter CL, Heywood P, Dibley MJ. Why don’t some 

women attend antenatal and postnatal care services: A qualitative study 
of community members’ perspectives in Garu, Sukambi and Ciamis 
districts of West Java Province, Indonesia. BMC Pregnancy Childbirth 
2010;10:61.

63. Finlayson K, Downe S Why do women not use antenatal services in 
low- and middle-income countries? - A meta-synthesis of qualitative 
studies. PLoS Med 2013;10:e1001373.

64. World Health Organization: Global health expenditure Database. 
Available from: http://www.who.int/health financing/topics/ resource-
tracking. [Last accessed on 2019 Mar 19].

65. EDITORIAL: Nigeria’s 2017 Health Budget- a Poor Improvement. 
Available from: https://africannewspage.net/2017/01/2017-nigerias-
health-budget-poor-improvement. [Last accessed on 2019 Mar 19].

66. Griffiths P, Stephenson R. Understanding users’ perspectives of 
barriers to maternal health care use in Maharashtra, India. J Biosoc Sci 
2001;33:339-59.

67. United Nations millennium declaration. Fifty-fifth session of the 
United Nations General Assembly. New York: United Nations; 2000.

68. Campbell O, Graham W. Strategies for reducing maternal mortality: 
Getting on with what works. Lancet 2006;368:1284-99.

69. Matsuoka S, Aiga H, Rasmey LC, Rathavy T, Okitsu A. Perceived 
barriers to utilization of maternal health services in rural Cambodia. 
Health Policy 2010;95:255-63.

70. Regmi K, Madison J. Contemporary childbirth practices in Nepal: 
Improving outcomes. Br J Midwifery 2009;17:382-7.

71. Bazna MS, Hatab TA. Disability in the Quran: The Islamic alternative 
to defining, viewing and relating to disability. J Relig Disabil Health 
2005;9:5-24.

72. Gitsels–van der Wal JT, Manniën J, Ghaly MM, Verhoeven PS, 
Hutton EK, Reinders JS. The role of religion in decision-making on 
prenatal screening of congenital anomalies: A qualitative study amongst 
Muslim Turkish origin immigrants. Midwifery 2014;30:297-302.

73. Chantal de Bakker. Obstetric Ultrasound in the Developing World: An 
Advance in Prenatal and Maternal Health, or a Facilitator of Gender 
Selection? 2011. Available form: http://www.bu.edu/writingprogram/ 
journal/past-issues/issue-3/de-bakker. [Last accessed on 2019 Mar 19).

74. Training in diagnostic ultrasound: Essentials, principles and standards: 
Report of a WHO study group. World Health Organ Tech Rep Se. 1998, 
875:i-46, back cover.

75. Wagaarachchi PT, Graham WJ, Penney GC, McCaw-Binns A, 
Yeboah Antwi K, Hall MH. Holding up a mirror: Changing obstetric 
practice through criterion-based clinical audit in developing countries. 
Int J Gynecol Obstet 2001;74:119-30.

76. Maher D. Clinical audit in a developing country. Trop Med Int Health 
1996;1:409-13.

77. Harris RD, Marks WM. Donation and training of medical personnel in 
compact ultrasound in low- resource settings: How we do it. Ultrasound 
Q 2011;27:3-6.

78. LaGrone LN, Sadasivam V, Kushner AL, Groen RS. A review of training 
opportunities for ultrasonography in low and middle income countries. 
Trop Med Int Health 2012;17:808-19.

79. Swanson D, Lokangaka A, Bauserman M, Swanson J, Nathan RO, 
Tshefu A, et al. Challenges of implementing antenatal ultrasound 
screening in a rural study site: A case study from the Democratic 
Republic of the Congo. Glob Health Sci Pract 2017;5:315-24.

80. Stanton K, Mwanri L. Global maternal and child health outcomes: 
The role of obstetric ultrasound in low resource settings. J Prev Med 
2013;1:22-9.


