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Abstract

Background: This study aimed to retrospectively analyze the correlation between congenital abnormality of the
urogenital system and various factors in children with neural tube defects (NTDs).

Methods: A total of 190 children with congenital NTDs, who were admitted to a hospital from May 2013 to May
2018, were included into the present study. All admitted children with congenital NTDs were carried out routine
abdominal B-ultrasound examinations to determine the malformations of the abdominal organs, including the
urinary system. Children with a B-ultrasound result of suspected and unsure malformation underwent intravenous
pyelography (IVP) and voiding cysto-urethrography (VCU), and this was further confirmed by the CT results.

Results: The incidence of urogenital malformation was 12.1% (23/190) in children with congenital NTDs. For the 23
children with urogenital malformations, most of these children had no definite urinary system symptoms, while
some of these children had multiple incidences of urinary system infections.

Conclusions: Congenital NTDs are often combined with urogenital malformations, if not specifically searched these
may be overlooked. The early detection of these malformations is beneficial to reduce the risk of operation and
improve the prognosis.
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Background
Neural tube defects (NTDs), which are also known as
dysrhaphia, are congenital malformations caused by the
failure of closure of the neural tube during its develop-
ment. This can be divided into two types: open type and
closed type [1]. Congenital NTDs are often combined
with other systemic malformations. Among these, uro-
genital malformation is one of the malformations with
the highest incidence [2]. Hunt and Whitaker in 1987
and Sally-Anne Hulton in 1990 reported that the inci-
dence of renal malformation in children with congenital

NTDs was 8.9% and 10.4% [3, 4], respectively. This has
aroused the clinical attention of researchers to congenital
NTDs combined with urogenital malformation. The early
detection of concomitant malformations and the develop-
ment of an appropriate treatment plan would not only
help to reduce the potential risk of surgery, but also help
to improve the long-term prognosis of children [5].
During development, the neural tube originates from

mesoderm cells, and begins in the third week of embryo.
The main organs of the urinary system and reproductive
system originate from the mesoderm, and develop to the
urogenital ridge from the 3rd to the 7th week of embryo
development [6]. Based on embryology, Neidhardt et al.
[7] proposed a hypothesis that malformation is induced
by the effect of teratogenic factors on the differentiation
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of the mesoderm in early embryo. This provides an em-
bryological basis for congenital NTDs combined with
other malformations, especially those of the urogenital
system from the same mesoderm, with a similar differ-
entiation period [8].
The causes of NTDs include genetic factors, decreased

production of chorionic gonadotropin in early pregnancy
or the insensitivity of embryonic receptor cells to the
hormone, deficiency of vitamin B12 and folic acid, and
abnormal internal environment in pregnancy such as
diabetic ketoacidosis. This suggests that NTDs are corre-
lated to both genetic and environmental factors [9]. The
causes of congenital malformation of the urogenital sys-
tem are complex, and there is no final conclusion on
which factors have a direct impact on this [10].
Therefore, the present study was designed to investi-

gate the incidence of urogenital malformation in chil-
dren with congenital NTDs, analyze its clinical and
imaging characteristics, and explore the correlation be-
tween this and various factors, in order to provide ideas
for the prevention and treatment of urogenital malfor-
mation in children with congenital NTDs.

Information and Methods
Methods
A total of 190 children with congenital NTDs, who were
admitted to the Neurosurgery Department of our hos-
pital (shanghaixinghua hospital) from May 2013 to 2018,
were retrospectively analyzed. The general clinical data
of all children were recorded in detail, which included
their age, gender, place of residence, birth order, age of
the parents at birth, and previous medical history.
All children underwent routine abdominal B-

ultrasound at admission to determine the condition of
the abdominal organs, including the urogenital system,
received routine X-ray, computed tomography (CT) and
magnetic resonance imaging (MRI) to identify the
NTDs, and received an electrocardiogram to determine
whether the heart was abnormal. If the patient has a
positive result or a suspected positive result, an echocar-
diography was performed for diagnosis.
Since May 2013, the Neurosurgery Department of our

hospital began to carry out routine abdominal B-
ultrasound examinations for all admitted children with
congenital NTDs, in order to determine the malforma-
tions of the abdominal organs, including the urinary sys-
tem. Children with a B-ultrasound result of suspected
and unsure malformation underwent intravenous pyel-
ography (IVP) and voiding cysto-urethrography (VCU),
and this was further confirmed by the CT results [11].
Inclusion criteria: children with definitely diagnosed

NTDs, and children with complete clinical, laboratory
and imaging data.

Exclusion criteria: children with NTDs, and simple
neurobladder and hydronephrosis indicated by ultrason-
ography, and children without imaging data.

Statistical analysis
The data were statistically analyzed using statistical soft-
ware SPSS 11.5. Chi-square test, rank sum test and
multivariate correlation analysis were performed for the
analysis. P < 0.05 was considered statistically significant.

Results
General data
Among the 190 children, 100 children were boys and 90
children were girls, and the age of these children ranged
from five days old to 17 years old, with an average age of
1.48 years old.

Types and incidence of congenital abnormalities of the
urogenital system
Among the 190 children, 56 children were complicated
with malformations of other systems (Tables 1 and 2)
due to multiple malformations, and the total number of
patients with malformations was 63.

As presented in Tables 3 and 23 children were compli-
cated with urogenital malformations, with an incidence
was 12.1% (23/190), and the total number of urogenital
malformations was 30. Solitary kidney and renal dyspla-
sia were the most common, and both accounted for
16.7% (5/30) of the total urogenital malformations.
These were followed by renal ureteral duplication
(13.3%, 4/30), horseshoe fusion kidney (3%, 4/30), hypo-
spadias (13.3% 4/30), ectopic kidney (10%, 3/30), crypt-
orchidism (10%, 3/30), bladder ectropion (3.3%, 1/30),
and bladder duplication (3.3%, 1/30).

Urinary system symptoms
For the 23 children with urogenital malformations, most
of these children had no definite urinary system symp-
toms, while some of these children had multiple inci-
dences of urinary system infections. Furthermore, one
child had bladder ectropion, four children had hypospa-
dias, and three children with cryptorchidism were de-
tected with a malformation due to the abnormal
appearance in the early stage. In the treatment of mal-
formations, children with bladder ectropion, bladder du-
plication, hypospadias and cryptorchidism underwent
surgical therapy during their childhood, while the uro-
genital malformations of the remaining children were
not treated, and continued to receive a follow-up exam-
ination in the Urology Department.
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The correlation between congenital abnormality of the
urogenital system and various factors
The statistical analysis revealed that the differences in
gender (P = 0.264), birth place (urban or rural, P =
0.445), birth order (P = 0.478), age of the mother (P =
0.148) and NTD type (P = 0.324) between children with
and without urogenital malformation were not statisti-
cally significant. However, children with urogenital mal-
formations were prone to skeletal muscle system
malformation (P = 0.012).

Discussion
The incidence of urogenital malformations in the normal
population was compared [9]: 0.07% for solitary kidney,
0.003% for renal dysplasia, 0.25% for horseshoe fusion
kidney, and 0.8% for duplication and 0.05% for ectopic
kidney. In the present study, the incidence of urogenital
malformation in children with congenital NTDs was sig-
nificantly higher than that in normal subjects. This sug-
gests that urogenital malformation in children with
congenital NTDs remains as a clinical problem that
needs to be urgently solved.
Previous researches show that NTDs were caused by

genetic factors, decreased production of chorionic go-
nadotropin in early pregnancy or the insensitivity of em-
bryonic receptor cells to the hormone, etc. [12],
indicating that NTDs are correlated to both genetic and
environmental factors [13]. The incidence of urogenital
malformation in the present study was lower than that
reported in foreign literatures. The reason may be due
to regional and ethnic differences. Among all malforma-
tions, solitary kidney had the highest incidence. This is

similar to the reports of foreign literatures. The differ-
ences in gender, birth place (urban or rural), birth order,
age of the mother and NTD type between children with
and without urogenital malformation were not statisti-
cally significant. Furthermore, the present study revealed
that children with urogenital malformation are prone to
skeletal muscle system malformation (P = 0.012). There-
fore, in the perspective that children with urogenital
malformations are prone to skeletal muscle system mal-
formation, urogenital malformation may be the most
closely related to genetic factors. This also explains why
urogenital malformations are not correlated to environ-
mental factors in the present study. Similar to previous
studies, unilateral renal agenesis will not increase the
chance of disease of the contralateral kidney. However, if
the patient develops a disease, the prognosis will be
poorer than those with two normal kidneys [12]. This
explains the reason for the correlation between these
malformations. In addition, ectopic kidney can cause
hydronephrosis and lithogenesis due to the abnormal
position of the kidney, and induce renal hypertension
[12, 13]. Furthermore, although renal dysplasia is often
asymptomatic, hypertension can be caused by vascular
malformation [13]. in the process of embryonic develop-
ment, the skeletal muscle system was also homologous
with the urogenital system that originated from the
mesoderm, and the development time is also in the early
embryo [14–18].
In the present study, among the 30 children with uro-

genital malformation, merely six cases were diagnosed
due to the abnormal appearance in early stage, while the

Table 1 Characteristics of different types of NTDs complicated with urogenital system abnormality

Open NTDs Closed NTDs

Number of cases (%) 82/190 (43.2% ) 108/190 (57.8%)

Female (%) 47/82 (58.3%) 43/108 (39.8%)

Male (%) 35/82 (42.7%) 65/108 (60.2%)

With genitourinary system abnormality (cases,%) 10/82 (12.2%) 13/108 (12%)

Table 2 Complications of genitourinary system abnormality and
other system malformations

Other system
malformations

Genitourinary system abnormality

Positive Negative

30 160

Cardiovascular system 4 10

Gastrointestinal tract 2 4

Musculoskeletal systema 4 2

Ent and oral 0 2

Central nervous system 1 4
aExcept for the hoof foot, varus foot and high arch foot secondary to tethered
spinal cord

Table 3 Number and proportion of various genitourinary
malformations

Malformed categories Proportion(%)

Solitary kidney 5 (16.7%)

Renal dysplasia 5 (16.7%)

Renal ureteral duplication 4 (13.3%)

Horseshoe fusion kidney 4 (13.3%)

Ectopic kidney 3 (10%)

Bladder duplication 1 (3.3%)

Bladder ectropion 1 (3.3%)

Hypospadias 4 (13.3%)

Cryptorchidism 3 (10%)
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remaining cases had no clinical symptoms. The presence
of urogenital malformation was merely found during the
routine B-ultrasonic examination before the operation.
Hence, there is a need for neurosurgeons and urologists
to comprehensively evaluate these children, and inform
their families of their condition and prognosis. As shown
in previous studies, for children with bladder ectropion,
bladder duplication, hypospadias and cryptorchidism, it’s
suggested to give them surgical therapy during their
childhood [18]. Although these urogenital malformations
did not progress and no complications occurred during
the follow-up, long-term prognoses are needed through
further follow-ups.

Conclusions
Congenital NTDs are often combined with other system
malformations, and urogenital malformation is one of
the malformations with the highest incidence. The early
detection of these malformations is beneficial to reduce
the risk of operation and improve the prognosis. Enough
attention need to be given to this in clinic, and appropri-
ate examination methods should be used to early detect
and treat these malformations.

Abbreviations
NTDs: Neural tube defects; CT: Computed tomography; MRI: Magnetic
resonance imaging; IVP: Intravenous pyelography; VCU: Voiding cysto-
urethrography

Acknowledgements
We are particularly grateful to all the people who have given us help on our
article.

Authors’ contributions
HZH and JDH conceptualized and designed the study, drafted the initial
manuscript, and reviewed and revised the manuscript. YXJ and ZY collected
data, carried out the initial analyses. LHW and CJ reviewed and revised the
manuscript. HZH coordinated and supervised data collection, and critically
reviewed the manuscript for important intellectual content. All authors
approved the final manuscript as submitted and agree to be accountable for
all aspects of the work.

Funding
None.

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
The study has obtained human research ethics approval from the Ethics
Committee of Shanghaixinghua Hospital. AA written informed consent was
obtained from legal guardians of all participants.

Consent for publication
Consent for publication was obtained from every individual whose data are
included in this manuscript.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Pediatric Surgery, Jiaxing Maternity and Child Health Care
Hospital, No. 2468, Zhonghuan East Road, Nanhu District, 314051 Jiaxing,
China. 2Department of Pediatric Surgery, Xinhua Hospital, School of

Medicine, Jiaxing Branch, Shanghai Jiaotong University, 314051 Jiaxing,
China.

Received: 16 July 2020 Accepted: 4 January 2021

References
1. Saitsu H. Folate receptors and neural tube closure. Congenit Anom (Kyoto).

2017;57:130–3.
2. D’Antoine H, Bower C. Folate status and neural tube defects in aboriginal

Australians: the success of mandatory fortification in reducing a health
disparity. Curr Dev Nutr. 2019;3:nzz071.

3. Hunt GM, Whitaker RH. The pattern of congenital renal anomalies
associated with neural-tube defects. Dev Med Child Neurol. 1987;29:91–5.

4. Hulton SA, Thomson PD, Milner LS, Isdale JM, Ling J. The pattern of
congenital renal anomalies associated with neural tube defects. Pediatr
Nephrol. 1990;4:491–2.

5. Rickard M, Braga LH, Gandhi S, Oliveria JP, Demaria J, Lorenzo AJ.
Comparative outcome analysis of children who underwent pyeloplasty for
ureteropelvic junction obstruction associated with or without supranormal.
Diff Renal Function Urol. 2017;99:210–4.

6. Kevin KM, Spivak JM, Bendo JA. Embrylology of the spine and associated
congenital abnormalities. Spine J. 2005;5:564–76.

7. Neidhardt JH, Bouchet A, Morin A, Theoleyre J, Felman D. Apropos of
realformations associated with various renal agenesis and anomalies. Lyon
Med. 1967;217:1582–90.

8. Singh R, Munakomi S. Embryology. Neural Tube. StatPearls [Internet].
Treasure Island: StatPearls Publishing; 2019.

9. Osanyin GE, Odeseye AK, Okojie OO, Akinajo OR, Okusanya BO. Fetal
congenital anomaly in tertiary hospital in Lagos, South-West Nigeria: a
review of presentation and its outcome. West Afr J Med. 2019;36:25–8.

10. Thong MK. Achieving the targets of sustainable development goals (2030
agenda) for congenital disorders in Asia: Bottlenecks and interventions. Am
J Med Genet C Semin Med Genet. 2019;181:254–61.

11. Inversetti A, Van der Veeken L, Thompson D, Jansen K, Van Calenbergh F,
Joyeux L, Bosteels J, Deprest J. Neurodevelopmental outcome of children
with spina bifida aperta repaired prenatally vs postnatally: systematic review
and meta-analysis. Ultrasound Obstet Gynecol. 2019;53:293–301.

12. Drvaric DM, Ruderman RJ, Conrad RW, Grossman H, Webster GD, Schmitt
EW. Congenital scoliosis and urinary tract abnormalities:are intravenous
pyelograms necessary? J Pediatr Orthop. 1987;7:441–3.

13. Winter RB. Congenital spine deformity:natural history and treatment.Isr. J
Med Sci. 1973;9:719–27.

14. Sivarajah K, Relph S, Sabaratnam R, Bakalis S. Spina bifida in pregnancy: a
review of the evidence for preconception, antenatal, intrapartum and
postpartum care. Obstet Med. 2019;12:14–21.

15. Dias MS, Li V, Landi M, Schwend R, Grabb P. The Embryogenesis of
congenital vertebral dislocation:early embryonic buckling? Pediatr
Neurosurg. 1998;29(6):281–9.

16. Radonjic A, Kassab AM, Moldovan ID, Kilty S, Alkherayf F. Idiopathic
intracranial hypertension presenting as bilateral spontaneous lateral
intrasphenoidal and transethmoidal meningoceles: a case report and review
of the literature. J Med Case Rep. 2019;13:62.

17. Liao C, Visocchi M, Zhang W, Li S, Yang M, Zhong W, Liu P. The relationship
between basilar invagination and chiari malformation type I: a narrative
review. Acta Neurochir Suppl. 2019;125:111–8.

18. Alatas I, Canaz H, Akkoyun N, Er A, Demirhan O, Kizilay D, Emel E. Neural
tube defects in Jarcho-Levin syndrome: study of twenty-eight cases. Pediatr
Neurosurg. 2015;50(2):57–62.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Hong et al. BMC Pediatrics           (2021) 21:66 Page 4 of 4


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Information and Methods
	Methods
	 Statistical analysis

	Results
	 General data
	Types and incidence of congenital abnormalities of the urogenital system
	Urinary system symptoms
	The correlation between congenital abnormality of the urogenital system and various factors

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

