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IntroductionSpine, spinal cord and CNS lesion occuring from neuraltube defects are collectively called dysraphisms. Incidenceof NTD is 1 -2 per 1000 live births [1]. NTDs are the mostcommon congenital disorder with associated withsignificant mortality and morbidity [1,12]. NTDs areclassified as cranial dysraphism and spinal dysraphism.Cranial dysraphism consists of anencephaly,excencephaly, iniencephaly, amnionic band syndrome,limb body wall complex and cephalocele [1]. Spinaldysraphismare classified into Open spinal dysraphism(OSD) and closedspinal dysraphism (CSD), which arebased on the overlying skin covering. CSD are furtherclassified based on with and without subcutaneous mass.Lipoma with neural defect, lipomeningocele andlipomyelocele, meningioceleand terminalmyelocystoceleare the examples of CSD withsubcutaneous mass. CSD without subcutaneous mass arefurther divided into complex dysraphic state, which

Abstract
Neural tube defects are of hereditary, non-hereditary; syndromic, non syndromic complex group of malformations resulting
from failure of normal neural tube closure before 4th and 5th weeks of embryogenesis. The most common neural entities
are anencephaly, encephalocele, spinal dysraphism, iniencephaly, diastematomyelia, caudal regression syndrome and
sacral agenesis etc. Most of the complex entity defects with its association are assessable with 2D, 3D/4D ultrasound and
can be confirmed with fetal MRI. We have described in this prospective radiolocal study, the following neural tube defects
from June 2017 till Jan 2019 and their imaging features by using USG Machines - SAMSUNG HS70 A & GE Voluson 730.
In significant  number of cases MRI correlation  was also performed using GE SIGNA explorer 1.5T to confirm the
diagnosis and to diagnose  further associated subtle anomalies, if any.
The exact incidence of neural tube defects is lacking in India, probably because of lack of central reporting and many of
the neural tube defects are preventable by antenatal folic acid supplementation. So, every radiologist and concerned
clinician should have basic knowledge of imaging features of common and uncommon neural tube defects.
Key words:
NTDs - Neural Tube Defects, ACM – Arnold-Chairi Malformation, CSD - Closed Spinal Dysraphism, OSD - Open Spinal
Dysraphism, DWM – Dandy Walker Malformation, ACC – Agenesis of Corpus Callosum, SCT – Sacrococcygealteratoma

include caudal agenesis, segmental spinal dysgenesis,dorsal enteric fistula and neuroenteric fistula &diastematomyelia and simple dysraphic state whichinclude intraductal and intramedullary lipoma,filarlipoma, tight filumterminale, dorsal dermal sinus andpersistent terminal ventricle. Open spinal dysraphismconsists of Myelomeningocele, Myelocele, Hemimyelocele,Hemimyelomeningocele.The present article is aimed at documenting the variousclassical antenatal ultrasound features of NTD and theircorresponding MRI imaging findings.The objective of the study is to improve the diagnosticaccuracy and to share our knowledge and experience inantenatal and post natal detection of NTDs to our fellowradiologists and to our fellow clinicians.
Materials and MethodsThe present study is  prospective study done over a periodof one yearseven months  from June 2017 till January2019 in PESIMSR, Kuppam, a rural medical collegeadjoining three southern states  i.e. Karnataka, AndhraPradesh and Tamil Nadu. The present study is prospectivestudy done over a period of one year seven months fromJune 2017 till Jan 2019  in PESIMSR, Kuppam and a rural
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medical college as part of routine ANC scanning and ifnot done, follow up post institutional deliveryinfantograms were taken. The spinal dysraphism caseswere subjected to spinal ultrasound and MRI to confirmthe diagnosis.
ResultsTotal no. of 25 cases, out of which 18 cases were antenatalimaged and 7 cases i.e Chairi I, sacral agenesis, sacrococygeal teratoma, lipomyelocele, segmental spinaldysgenesis, Lipomyelocele Flium terminale lipoma andacradiac twin were imaged by radiography, spinalultrasound and MRI .The list of NTD of our study includes:
Type Number of Cases
Acrania 1
Excencephaly 1
Anencephaly 5
Arnold chiary malformation 1 3
Arnold chiary malformation II 6
Arnold chiary malformation III 1
Iniencephaly 3
Occipital encephalocele – Isolated 1
Diastematomyelia 1
Sacral agenesis 1
Sacrococygealteratoma 1
Lipomyelocele 1
Flium terminale lipoma 1
Segmental Spinal dysgenesis 1
Acradiac twin 1
Total 25

Discussion

EmbryologyThe process of neural tube formation and closure are ofparamount importance in understanding the neural tubedefects. The neural induction leads to the formation ofneural ectoderm which appears as neural plate. Neuraltube which differentiated into brain and spinal cordcloses from caudal to cephalic end by primary neurulationand secondary neurulation. The whole process takes placefrom 17 days to 28 days of gestation [2, 3].
Classification of NTDClassification is  mainly based on stage of neurulisation asexplained in the above section. Primary neurulastion defectsis due to tube closure or mesodermal defect whereassecondary neurulation defect are seen in the spin [13, 14].

1. Acrania – Excencephaly – Anencephaly
sequence.Failure of cephalic end of neural pore closureresults in anencephaly. Incidence is 1 in 1000 livebirths [15]. Spinal dysraphism, cleft lip-palate,cardiac, gastrointestinal and genitourinaryanomalies are the associated features.Polyhydramniosmay also be a feature after 25weeks of pregnancy. Acrania and exencephaly willlead to anencephaly as the disorganized braintissue will lead to exencephaly due to the exposureto amniotic fluid. Anencephaly is characterized byabsences of cerebral hemisphere with little or nocerebral tissue and classical absence of calvariaabove the bony orbit giving frog-face likeappearance. Ultrasound detection has 100%sensitivity and can be detected by TAS and by TVSas early 11 weeks of gestation. Exencephaly showsabsence of calvaria and cephaloid orbits(above theorbit) with relatively abnormally developedcerebral tissue [1].

Fig 1. Antenatal scan of 11 weeks showing absence of cranial bone
above the orbit with disorganized cerebral tissue.

Fig 2. Antenatal scan of 14 weeks gestation showing the absence
of skull vault above the orbits with little disorganized brain tissue
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Spinal dysraphism can also  be classified based on embryological events, , which is formatted based on studies by Tortori and Caffey(.Moore
K. Congenital Abnormalities of the Spine In: Coley BD, editor. Caffey’s Pediatric Diagnostic Imaging. Philadelphia, PA: Elsevier Saunders;
2013. pp 449-60. )

Fig. 3 : Antenatal scan of 18 weeks gestation showing features of excencephaly, TOF, pericardial effusion and had polycystic kidneys,
right club foot, polyhydramnios and echogenic amniotic fluid.
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Fig . Acrania

Fig . Acrania

2. IniencephalyIniencephaly is characterized by fusion of occiputand inion with rachischisis of the cervical andthoracic spine with persistent retoflexion of headand short neck - star-gazing position. Theincidence is 0.1 to 10 per 10,000 [16] live births.It is associated with multisystemic anomalies.Iniencephaly can be diagnosed at 11 to 30 weeksof gestation by measuring fronto-maxillary facialangle [5].

Cephaloceles are protrusion of intracranial contentsthrough a defect in the cranium and duramater.Depending on the contents they are classified into:1) Cranial meningocele – protrusion of leptomeningesand CSF;2) Cranial glioceles – Protrusion of glial lined cyst;3) Meningoencephalocele – herniation ofleptomeninges, CSF and brain parenchyma;4) Atreticcephalocele – Degenerative form of
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A B C
Fig 4.(A) Antenatal scan of 14 weeks of gestation showing absence of the cranial bone posteriorly with herniation of intracranial structures,

exaggerated cervicothoraciclordosis and fixed fetal head retroflexion with spinal deformity.
(B) Post abortum specimen showing star-gazying appearance due to short neck and retoflexion of head.
(C) Radiogram of the specimen.cephalocele consisting of dura and fibrous tissue.Cephaloceles are named according to their locations.Cephalocelesmay be isolated or may be associated withsyndromes like Meckle-Gruber syndrome, ACM type III,and may also be associated with chromosomal anomalies.Associated anomalies like cerebellar cortical dysplasia,

grey matter heterotropia,Dandy walker malformations,Arnold Chiary Malformation and Agenesis of CorpusCollasum are also seen. The exact cause remains debatable[1].Occipital encephalocele accounts for 75 % to 85% of totalcases involving the calvarium and skull base [17].

Fig 5.(A) Antenatal scan of 31 week gestation showing a large defect in the occipital bone with herniation of cerebrum and cerebellum
with dilatation of the ventricles. (B)  MRI T2 coronal section showing the same findings.

3. Meningomyelocele

Fig  . Meningomyelocele


