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Abstract

Objectives: The current study aimed at providing detailed information about the distribution, associated anomalies, and syn-
dromes in Iranian fetuses with neural tube defects (NTDs).
Methods: The current study was conducted in Yas Females’ referral and teaching hospital in 18 months from 2014 to 2016. All fe-
tuses with a prenatally detected neural tube defect were included in the study. Neural tube defect characterization, gestational age,
maternal reproductive factors, maternal risk factors, and associated anomalies were recorded.
Results: Neural tube abnormalities were identified prenatally in 80 fetuses: 40 cases of ex/anencephaly, 22 cases of spina bifida, 13
cases of cephalocele and 5 cases of anencephaly /craniorachischisis. All the cases were detected before 21st week of gestation and
92.5% of the ex/anencephaly cases were diagnosed in the 1st trimester. Moreover, 40% of the open spina bifida cases in the current
study were myelocele, while 75% of them referred only due to abnormal cranial findings. Incomplete consumption of folate was
the most common associated risk factor (45%). Associated anomalies were recorded in 53 (66%) fetuses, with more prevalence in
the fetuses with spina bifida (90%). Among the associated anomalies, central nervous system (CNS) anomalies were the most com-
mon type (26.26%). Chiari II was found in all the cases of open spina bifida and the ventriculomegaly rate was 30% in this group.
Extremities anomalies and spine deformities were the 2nd and 3rd common associated findings, respectively. Limb-body-wall com-
plex/amniotic band syndrome was the most common identified associated syndrome (6%).
Conclusions: Results of the current study confirmed the high prevalence of associated anomalies in neural tube defect cases and
revealed the capability of detailed sonography to detect and define such abnormalities.

1. Background

Neural tube defect (NTD) is one of the most common
congenital malformations caused by disturbance in neu-
rulation at the week 3 - 4 of gestation, which could be as-
sociated with environmental, genetic, or both factors (1,
2). Despite the diagnostic role of ultrasound examination
combined with the 2nd trimester maternal serum alpha-
fetoprotein screening, NTDs cause considerable mortality
and morbidity (1).

Based on Wilson et al. description of closure failure of
neural tube in its rostral or caudal aspect, NTDs are clas-
sified into 4 types: 1. Ex/anencephaly, 2. Spina bifida, 3.
Cephalocele, and 4. Aniencephaly/craniorachischisis (3).

Extensive researches are performed on NTDs; however,

few studies exist on associated anomalies in prenatal ul-
trasound evaluation. The rate of associated malformation
is reported 17% to 80% in different studies, most of which
are performed on autopsy cases. The most common as-
sociated malformations are other central nervous system
(CNS) or spinal defects, spinal deformities, club foot, and
cleft lip/palate (1, 4-7). NTDs could be also a component of
syndromic process such as amniotic band syndrome, the
Meckel-Gruber syndrome, etc (4, 8-10).

The current study aimed at describing NTDs distribu-
tion as well as frequency and types of associated anoma-
lies in prenatal ultrasound examinations in Iranian popu-
lation and comparing the obtained results with those of
previous studies. To the authors’ best knowledge, it was
the 1st detailed study designed in Iran to evaluate diagnosis
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process, pattern of involvement, and concomitant anoma-
lies and syndromes in fetuses with neural tube abnormali-
ties.

2. Methods

The current descriptive cross-sectional study was con-
ducted in 18 months from 2014 to 2016. It was conducted at
Yas females hospital, a females referral and teaching hos-
pital at Tehran University of Medical Sciences, which re-
ceives most NTD cases from Tehran and nearby cities. All
referred fetuses with a prenatally detected NTD were in-
cluded in the study. Only 1 of the cases was referred to the
center for the 1st scan. Based on the study design, incidence
rate could not be evaluated in the study. The institutional
Ethics Board approved the protocol of the current prospec-
tive study.

All ultrasound examinations were performed transab-
dominally by a radiologist using a 2 - 6 MHz convex array
transducer (Affiniti50G, Philips healthcare, 3000 minute-
man road andover, MA 01810, USA)

NTD characterization (type, location, content), ges-
tational age, maternal reproductive factors (mother’s
age, and number of previous deliveries and miscar-
riages), associated anomalies (hydrops, face/neck, geni-
tourinary, gastrointestinal, spine, extremities, cord, heart,
thoracic/abdominal wall), and karyotype were recorded.
Furthermore, previous ultrasound examinations (often in
private centers) were recorded and compared with the
final diagnosis. Known maternal risk factors based on
literature (obesity, diabetes mellitus, folate use, consan-
guineous marriage, drug, seizure, family history of NTD)
were also investigated in mothers and recorded. Folic acid
consumption in the study was 0.4 mg/day 1 month before
the subjects attempted to conceive. Fetal karyotyping and
postmortem autopsy were recommended to all of the cou-
ples. The data were analyzed with SPSS software, version 24
(IBM SPSS, Armonk, NY, USA).

3. Results

During the study period, NTD was detected prenatally
in 80 fetuses, of which only 1 was referred to the center
for the 1st scan. In those which had previous examina-
tions, 1 case had normal ultrasound screening, but positive
quad test. Moreover, 4 cases were referred for other abnor-
malities and the associated NTD was detected at the cen-
ter (1 with achondrogenesis, 1 with the Meckel-Gruber syn-
drome, 1 with contracture in extremities, and 1 with amni-
otic band syndrome). The other cases were referred to the
center with correct detection of NTD or report of cranial

signs suggesting NTD. All the cases were diagnosed before
the 21st week of gestation.

Reproductive factors are summarized in Table 1. NTDs
were more common in mothers aged 20 - 29 years (49 cases:
61.3%). In 32 (40%) cases, mothers were primigravid. History
of abortion was positive in 18 cases, among whom 6 cases
had abortion due to NTD.

3.1. Risk Factors

Risk factors are summarized in Table 2. About 41.25% of
NTDs could not be attributed to a known risk factor. In-
sufficient consumption of folate was recorded in a total
of 36 (45%) cases with dominancy in the ex/anencephaly
group (23 cases: 57.5%). The 2nd common associated risk
factor was consanguineous marriage in 25 (31.2%). Only in
few cases, obesity and history of diabetes mellitus were de-
tected.

3.2. NTDs Distribution

Out of these cases, ex/anencephaly was the most com-
mon NTD (40 cases: 50%) and 37 cases were in the 11th to
14th week of gestation (Table 3).

Twenty-two cases (77.27%) were diagnosed with spina
bifida with more prevalence in female fetuses. Only 2 cases
were closed type; 1 with sacral meningocele and the other
with anterior sacral meningocele (Figure 1). Among the
open spina bifida cases, lumbosacral was the most com-
mon location. Eight (40%) cases were detected as myelo-
cele and 12 (60%) cases as myelomeningocele. Among the
myelocele cases, only 2 (25%) fetuses had true diagnosis in
private centers and the others (75%) were referred due to
cranial signs (lemon and banana signs). One referred fetus
with open spina bifida (thoracolumbar myelomeningo-
cele) had normal AFP in the quad test and the diagnosis was
confirmed in the center.

Moreover, 13 cases were diagnosed with cephalocele.
Among these, 2 cases had only a cystic structure protruded
through a bony defect (meningocele), whereas in the oth-
ers, brain tissue herniated through a bony defect (en-
cephalocele). Occipital region was the most common loca-
tion (Table 4).

Five cases were diagnosed with anen-
cephaly/craniorachischisis. Furthermore, 3 cases had
craniorachischisis and 2 cases had anencephaly.

3.3. Associated Anomalies

Associated anomalies were recorded in 53 (66%) fe-
tuses, with higher prevalence in fetuses with spina bifida
(Table 5). CNS anomalies were evaluated in the spina bifida
and cephalocele groups.
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Table 1. Reproductive Factorsa

Ex/Anencephaly Spina Bifida Cephalocele Anencephaly/Craniorachischisis Total

Maternal age, y

20 - 29 22 (55) 16 (72.72) 9 (69.23) 3 (60) 49 (61.3)

30 - 35 12 (30) 4 (18.18) 4 (30.76) 0 20 (25)

> 35 6 (15) 2 (9.09) 0 2 (40) 11 (13.8)

Previous Abortion

Yes 8 (20) 6 (27.27) 4 (30.76) 0 18 (22.5)

No 32 (80) 16 (72.72) 9 (69.23) 5 (100) 62 (77.5)

Gravidity

Primigravid 15 (37.5) 11 (50) 5 (38.46) 1 (20) 32 (40)

aValues are expressed as No. (%).

Table 2. Risk Factors

Risk Factor Ex/Anencephaly Spina Bifida Cephalocele Anencephaly/Craniorachischisis

Incomplete folate consumption 23 6 5 2

Diabetes mellitus 1 0 0 0

Obesity (BMI > 30 kg/m2) 3 0 0 0

Drug 1 0 0 0

Consanguineous marriage 12 3 7 3

Table 3. NTD Distribution and Gestational Agea

Type of NTD Number of Cases Time of Diagnosis, w

11th - 14th 15th - 20th

Ex/anencephaly 40 (50) 37 (92.5) 3 (7.5)

Spina bifida 22 (27.5) 4 (18.18) 18 (81.81)

Cephalocele 13 (16.25) 8 (61.53) 5 (38.46)

Anencephaly/craniorachischisis 5 (6.25) 3 (60) 2 (40)

Total 80 52 (65) 28 (35)

aValues are expressed as No. (%).

3.4. Ex/Anencephaly

Associated anomalies were found in 22 (55%) fetuses
with ex/anencephaly.

The most common type of associated anomaly in this
group was extremity anomalies (8 fetuses). Club foot/lower
limbs contracture was observed in 6 fetuses. The other
types included: club hand in one side and cutting of the
other side (1 fetus) and bilateral clenched hands (1 fetus).
Thoracic/abdominal wall anomalies were found in 6 fe-
tuses including: abdominoschisis (one fetus), thoracoab-
dominal schisis (2 fetuses), and omphalocele (3 fetuses).

Cardiac anomalies were found in 4 fetuses including: hy-
poplastic left heart syndrome (2 fetuses), atrioventricular
septal defect (1 fetus), ventricular septal defect, and brady-
cardia (1 fetus). In addition, face/neck anomalies were
found in 4 fetuses including: hypertelorism and exten-
sive facial defect (1 fetus); hypotelorism (1 fetus); retrog-
nathia and unilateral microphthalmia (1 fetus); and mi-
crophthalmia and cataract (1 fetus). Finally, spine anoma-
lies including scoliosis and segmentation abnormalities
were found in 4 fetuses. Moreover, 4 fetuses had single um-
bilical cord, 1 fetus had genitourinary anomaly (megacys-
tis), 1 fetus had gastrointestinal anomaly (distended stom-
ach and echogenic bowel), and 1 fetus had hydrops fetalis.

3.5. Spina Bifida

Associated anomalies were found in 20 (90%) fetuses
with spina bifida.

Associated CNS anomalies were detected in 19 fetuses;
the Chiari II in all cases of open spina bifida, which 5 cases
had also ventriculomegaly. Associated non-CNS anoma-
lies were found in 13 fetuses, in which the spine anoma-
lies (kyphosis or scoliosis) were the most common type (8
fetuses). Extremities anomalies were found in 6 fetuses
including: bilateral club foot (2 fetuses), unilateral club
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Table 4. Location of Defect in Fetuses with Open Spina Bifida and Cephalocele

Open Spina Bifida

Cervical Thoracolumbarsacral Lumbosacral Sacral

Myelocele 1 3 3 1

Myelomeningocele 0 3 9 0

Cephalocele

Occipital Parietooccipital Parietal

Meningocele 2 0 0

Encephalocele 9 1 1

Table 5. Associated Anomalies

Associated Anomaly Ex/Anencephaly (N = 40) Spina Bifida (N = 22) Cephalocele (N = 13) Anencephaly/Craniorachischisis (N = 5)

Hydrops fetalis 1 0 1 0

Gastrointestinal 1 1 1 0

Genitourinary 1 2 1 1

Spine 4 8 2 0

Extremities 8 6 4 1

Heart 4 0 2 0

Cord 4 2 0 1

Face/neck 4 0 5 0

Thoracic/abdominal wall 6 3 2 1

CNS - 19 2 -

foot (2 fetuses), bilateral club hand (1 fetus), and bilateral
clenched hand (1 fetus). Moreover, thoracic/abdominal
wall anomalies were found in 3 fetuses; 2 fetuses with ab-
dominoschisis and the other with omphalocele. Two fe-
tuses had genitourinary anomaly (1 with probable cloacal
extrophy and the other with non-visualized kidneys), 2 fe-
tuses had cord anomaly (both with single umbilical cord),
and 1 fetus had hydrops fetalis.

3.6. Cephalocele

Associated anomalies were found in 10 (76%) fetuses
with cephalocele.

Face/neck anomalies were the most common type in
this group; accordingly, cystic hygroma (1 fetus), cleft
palate (1 fetus), retrognatia and absence of NB (1 fetus), mi-
crophthalmia and cataract (1 fetus), and hypertelorism (1
fetus). Extremities anomalies were found in 4 fetuses; bi-
lateral radial ray deformity (1 fetus), bilateral club foot (1
fetus), bilateral hand polydactyly (1 fetus), and severe mi-
cromelia (1 fetus). CNS anomalies were found in 2 fetuses;
one with cerebellar hypoplasia and hydrocephaly and the
other with vermian agenesis. Thoracic/abdominal wall

anomalies were found in 2 fetuses; 1 with severe narrow
thorax and the other with omphalocele. Spine anomalies
were found in 2 fetuses; 1 with spine segmentation defect
and the other with absence of ossification of sacrum. Heart
anomalies were found in 2 fetuses; 1 with hypoplastic left
heart syndrome and the other with right heart dominancy
and coarectation of aorta. Ultimately, 1 fetus had genitouri-
nary anomaly (polycystic kidneys), 1 fetus gastrointestinal
anomaly (echogenic bowel), and 1 fetus hydrops fetalis.

3.7. Iniencephaly/Craniorachischisis

Associated anomalies were found in 3 (60%) fetuses
with anencephaly/craniorachischisis.

One fetus with single umbilical cord artery and om-
phalocele, 1 with club foot, and the last with bilateral py-
electasis were all diagnosed with craniorachischisis and
none of the fetuses with anencephaly had associated
anomaly.

3.8. Chromosome and Syndromes

In the current series, 9 fetuses were syndromic: 2 fe-
tuses with amniotic band syndrome (1 with exencephaly,
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Figure 1. Ultrasound Images of Anterior Sacral Meningocele at Mid-Gestation

Axial (A) and coronal view (B) are demonstrating a small cystic mass (large arrow) in
presacral region communicating with spinal canal (small arrow).

the other with spina bifida) (Figure 2), 3 with limb-body-
wall complex (1 exencephalic fetus and 2 spina bifida fe-
tuses), 1 with the Meckel-Gruber syndrome (had occipital
cephalocele), 1 with achondrogenesis type 2 (had occipital
cephalocele), 1 with the Dandy-Walker malformation (had
occipital cephalocele), and 1 with caudal regression syn-
drome (exencephalic fetus). Nearly all cases (except 1 case)
of limb-body-wall complex/amniotic band syndrome were
not truly defined by their previous examination and were
referred due to multiple malformations.

Karyotype was evaluated only in 3 fetuses (2 fetuses
with spina bifida and 1 with cephalocele), which were all
reported as normal. All other cases referred in the 2nd
trimester had low-risk 1st-trimester screening result. Au-
topsy was not performed on any fetuses.

4. Discussion

The current study provided detailed information on
the risk factors, diagnostic process, distribution, associ-
ated anomalies, and syndromes in Iranian fetuses with
NTDs.

Ultrasound screening is the non-invasive modality of
choice for prenatal detection of NTD due to its safety, cost-
efficiency, easy access of patients, and high detection rate.
In addition to operator dependency, detection rate is sig-
nificantly influenced by gestational age and type of NTD.
For example, detection rate for spina bifida in 1st trimester
ultrasound screening is 40%, while in the 2nd trimester
screening it is 92% - 95% (11). On the other hand, the detec-
tion of ex/anencephaly is straightforward by demonstrat-
ing the absence of cranial vault; moreover, its detection
rate in 1st trimester ultrasound is about 90% - 100% even
in inexperienced operators (11, 12). Ultrasound specificity
to diagnose open spina bifida is almost 100% by expert op-
erators (13, 14). In the current study, 65% of the cases were
detected in the 11th to 14th weeks of gestation, probably
due to the routine NT evaluation. In Iran, the 1st trimester
screening is recommended to all pregnant females. Early
detection of NTD is helpful for obstetricians to make the
proper plan and for parents to prepare themselves psy-
chosocially and medically to have a disabled child or de-
cide to terminate pregnancy.

The prevalence of NTD in Iranian population, based
on previous studies in different parts of the country, is
28.7-50.1 per 10000 births with the most common types
being spina bifida and anencephaly (15-17). In the cur-
rent series, ex/anencephaly was detected as the most
common type of NTD. Although the prevalence of anen-
cephaly/craniorachischisis is reported as 1.5% of all NTDs
(3), it was 6.25% in the current series. Moreover, 78 cases
with abnormal findings in the 1st or 2nd trimester screen-
ing ultrasound were referred to the center for confirma-
tion of the diagnosis and decision-making to terminate the
pregnancy. Only one case was referred to the center due to
positive quad test despite the normal ultrasound screen-
ing in a private center; moreover, 1 case was detected dur-
ing routine sonography in the center.

In the current series, 61.3% of the cases were in the age
group of 20 - 29 years and none of the cases had a mater-
nal age under (18). In the ex/anencephalic group, 47.5% of
the cases had maternal age of 30 years or more. History of
previous abortion was positive in 22.5% and only 7.5% had
previous aborted fetus with NTD.

In addition, 45% of mothers had incomplete fo-
late consumption; more prevalence was recorded in
ex/anencephalic fetuses and overall, most of them began
folate consumption after pregnancy. This fact should alert
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Figure 2. Ultrasound images of amniotic band syndrome and a lumbosacral myelomeningocele

A, Banana sign in head, (B) amniotic band (larger arrow) adherence to bowel loops and myelomeningocele (small arrow), (C and D) amniotic band adherence to bowel loops
and extruded liver, respectively.

obstetricians and the health care system to provide an ef-
fective program for females of childbearing age.

The 2nd associated risk factor after incomplete folate
consumption was the history of consanguineous marriage
(31.2%). This finding was compatible with the results of
studies conducted by Samadirad et al. in North-West Iran
and Behrooz et al. in South-West Iran (15, 19).

In the current study, the proportion of cephalocele
(16%) was similar to that of Nielsen et al. (18%), with the
higher rate of anencephaly (50% vs 43%) and that of Pinar et
al. in proportion of anencephaly cases (53%) (4, 18). Among
the open spina bifida cases, lumbosacral (60%) was the
most common location similar to those of Mennuti et al.
and Nielsen et al. (4, 20). The rate of the current study mye-
locele cases (40%) was higher in comparison with that of
the previous study by Ghi et al. (3.7%) (21). Moreover, 75% of
the cases referred to private centers only based on cranial
signs without diagnosis of the location of myelocele. This
confirmed the importance of cranial signs to detect open
spina bifida cases.

Based on ultrasound examination, all the anoma-
lies previously reported in association with NTDs were

recorded in details (mainly based on autopsy findings).
Anomalies assumed to be the consequences of the primary
NTDs and various defects of syndromic cases were also in-
cluded. This could be one of the reasons for the higher
rates of associated anomalies (66.25%) in the current study
in comparison with other studies (6-8, 10) and similarity to
those of Nielsen et al. and Gale et al. (5). In 11.25% of these
cases, the associated anomalies and NTDs were parts of a
recognizable syndrome. Between the associated anoma-
lies detected in the current series, CNS anomalies were the
most common type (26.26%); compatible with the reports
of Nielsen et al. (4), the Chiari II was found in all fetuses
with open spina bifida, nearly similar to the findings of
studies performed by Ozgun et al. and Ghi et al. (12, 21).
The rate of ventriculomegaly in the current study (30%) was
lower than that of previous studies by Ghi et al. (47%) and
Nielsen et al. (64%) (4, 21), which could be due to lower ges-
tational age of the current study cases. The 2nd common
associated anomaly was extremitiy abnormalities (23.75%)
with more prevalence in the spina bifida group (36.36%);
club foot and lower extremity contracture were the most
common anomalies. The 3rd common associated anomaly
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was spine deformities (17.5%) with dominancy of kyphosco-
liosis.

Among the syndromic fetuses, more than 50% had
limb-body-wall complex or amniotic band syndrome and
its rate in all of the current cases was 6%. Only 1 of the
cases was referred with true diagnosis of amniotic band
syndrome, while in the remaining 4 cases, only a few de-
fects were detected. These complex anomalies included
defects in craniofacial, limb, and ventral wall. Between
them, 3 cases had exencephaly and 2 cases had spina bi-
fida. The most common associated syndromes were chro-
mosomal abnormalities (15%) and the Meckel-Gruber syn-
drome (6%) in the study by Nielsen et al. while they
were chromosomal abnormalities (3%) and the amniotic
band syndrome (2.7%) in that of Stevenson et al. (4, 8).
Among the other syndromic fetuses, only 1 (1.6%) was diag-
nosed with the Meckel-Gruber syndrome (presented with
cephalocele, polycystic kidneys, polydactyly in both hands,
and oligohydramnios as known parts of this syndrome),
similar to that of Stevenson et al. (1.6%) (8). One fetus
had the Dandy-Walker malformation in association with
a small occipital cephalocele and ventriculomegaly; 1 fe-
tus had caudal regression syndrome with lower limb con-
tracture, echogenic bowel, and dilated stomach, and 1 fe-
tus had achondrogenesis type 2 (confirmed by radiogra-
phy of aborted fetus) with occipital cephalocele, cystic hy-
groma, severe micromelia, hydrops, delayed ossification of
sacrum, and macrocrania.

Association of NTD with chromosomal abnormalities
are reported as 9% to 16% in different studies (4, 18, 22, 23).
Autopsy and karyotyping were recommended to all par-
ents in the current study; however, only for 3 fetuses, kary-
otype was examined and no case underwent autopsy. It was
the most important limitation of the current study and
could be due to 3 factors in Iran, resulting in low recom-
mendation by clinicians to do autopsy and karyotyping: 1)
1st trimester screening tests were performed in most of the
current study cases with low risk result for chromosomal
abnormalities; 2) The 2nd and more important reason was
financial problems; 3) Limited awareness of parents and
clinicians. These data showed that more efforts should be
made to increase awareness in community and ask for help
from government to overcome situations arising from fi-
nancial limitations.

In conclusion, the current study reported the risk
factors, diagnostic process, distribution, and associated
anomalies in NTD cases. It showed the diagnostic capabil-
ity of detailed ultrasonography to define syndromic pro-
cesses and associated anomalies influencing prognosis,
parent counselling, and planning. Limb-body-wall com-
plex/amniotic band syndrome was the most common iden-
tified associated syndrome with higher incidence. The cur-

rent study results also emphasized the supplementation
by folic acid as an important underlying risk factor.
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