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ABSTRACT 
Introduction: Antenatal ultrasound has been reported to be an effective tool for detecting neural tube defects including spina 
bifida. Moreover, major structural abnormalities can be detected by ultrasound examination, depending on the time of ultrasound 
scan. 
Objectives: To determine the diagnostic accuracy of ultrasound in detection of spina bifida in the first and second trimester 
using post-natal MRI as gold standard. 
Study Design: Descriptive, Cross-sectional study 
Study duration: 11th February 2019 to 10th August 2019 
Settings: Department of Radiology, Jinnah Hospital, Lahore. 
Materials & Methods: A total of 125 pregnant patients/Gravida presenting in first trimester (11 to 13 weeks) & second trimester 
(14 to 22 weeks) assessed on dating scan, at risk for spina bifida were included. Women with pre-eclempsia and eclempsia 
determined on systolic BP > 140 and protein urea and history of congenital heart defects were excluded. A standard ultrasound 
scan was performed by the same Radiologist on the same ultrasound machine and any findings associated with the spina bifida 
would be noted & recorded on a predesigned Performa (Attached). Patients were followed till delivery and post-natal MRI was 
done to evaluate spina bifida. Presence of absence of spina bifida on USG & MRI was noted.  
Results: All the patients were subjected to first ultrasonography and then MRI. USG supported the diagnosis of spina bifida in 
62 patients. MRI confirmed spina bifida in 63 cases.  In USG positive cases, 58 were true positive and 04 were false positive. 
While in USG negative patients, 58 were true negative and 05 were false negative. Overall sensitivity, specificity, positive 
predictive value, negative predictive value and diagnostic accuracy of ultrasound in detection of spina bifida in the first and 
second trimester  using post-natal MRI as gold standard is 92.06%, 93.55%, 93.55%, 92.06% and 92.80% respectively.  
Conclusion: This study concludes that ultrasonography is a highly sensitive and accurate modality for diagnosing spina bifida, 
and has not only dramatically improved our ability of diagnosing spina bifida but also be a simple, economical and readily 
available alternative to MRI.  
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INTRODUCTION 
Genetic predispositions, environmental variables, and the 
teratogenic effects of medicines all have a role in the development 
of neural tube defects, the most frequent of which are anencephaly 
and spina bifida, both of which have a prevalence of 1-5%. 
Preventative measures include preconception genetic counselling 
and daily folic acid intake [1-2]. Spina bifida can be either (SB) 
occulta, in which the neural tissue is shielded from amniotic fluid, 
or (SB) aperta, in which the neural tissue is exposed to the 
amniotic environment. 
 Sonographic diagnosis of open spina bifida (OSB) used to 
rely on a thorough examination of the foetal vertebrae for 
anomalies, however this method often failed to detect flaws. 
However, after the middle of the 1980s, when the intracranial 
abnormalities in the second trimester were described (the "lemon 
sign" and the "banana sign"), prenatal diagnosis of spina bifida 
was improved [3]. Spina bifida and other neural tube anomalies 
may be spotted during an antenatal ultrasound. In addition, 
ultrasound examination, depending on the time of ultrasound scan, 
can detect serious structural abnormalities [4]. 
 The majority (136/140, or 97.1%) of patients in an Iranian 
study had a prenatal ultrasound, and of them, 58 sonographic 
examinations were conclusive for hydrocephalus and/or 
meningomyelocele (MMC). Meningomyelocele was detected by 
prenatal ultrasonography in 16 (11.8%) cases, hydrocephalus in 25 
(18.4%) cases, and in 17 (12.5%) cases MMC and hydrocephalus 
were detected together. Although some studies have reported 
varying meningomyelocele (MMC) detection rates, the general 
consensus is that 3.4% of MMCs are detected in the first trimester, 
31% in the second, and 65.5% in the third [8]. Results from a 
large-scale European survey showed a range of 33% to 100% 
among nations, with a mean of 68% [9]. According to Lennon & 
Gray, ultrasound can detect open neural tube abnormalities with a 

sensitivity of 97% and a specificity of 100%. 10 Ultrasonographic 
markers for Spina bifida were analysed in a case study conducted 
between 11 and 14 weeks of gestation. These markers included 
brain stem diameter (BS), fourth ventricle/intracranial translucency 
(IT), cisterna magna (CM), brain stem/occipital bone distance 
(BSOB), and the ratio between BS and BSOB (BSOB). However, 
few studies evaluate all of these factors simultaneously [6], with 
some focusing just on intracranial translucency (IT) efficacy. 
 Romero et colleagues found that sonography had a 
sensitivity of 94.7 percent and a specificity of 97.3 percent for 
detecting neural tube abnormalities. A foetus with venticulomegaly, 
omphalocele, severe kyphosis, and scoliosis was incorrectly 
diagnosed with spina bifida [11]. Goswami et al. conducted another 
investigation in rural Sindh, Pakistan, and found Due to the lack of 
ulrasonography, only 9 out of 45 cases of NTDs (20%) were 
detected prenatally, while the remaining 38 cases (80%) were 
diagnosed postnatally [12]. 
 Sayed Ali alamdara et al. demonstrated that magnetic 
resonance imaging (MRI) is currently the gold standard for 
evaluating and diagnosing spinal cord disorders; however, MRI is 
an expensive imaging modality and is not available at all 
healthcare facilities [13]. 
 Since no comparable data exists on a national scale, yet 
NTDs account for the majority of all infant deaths and birth 
malformations worldwide, we felt it was important to conduct this 
study. While fetoprotein screening and amniocentesis can help find 
certain cases of spina bifida, there are others where the condition 
may go unnoticed. When performed by trained professionals, 
antenatal ultrasonography provides high-quality images without 
causing any harm to the mother or foetus. Since high-resolution 
ultrasound facilities are now available in secondary and tertiary-
care hospitals with experienced sonographers, it is expected that 
the results of our study will provide a positive evaluation of this 
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modality, which could help reduce the number of disabled children 
and the mortality rate associated with NTDs. The purpose of this 
research is to determine the efficacy of an inexpensive and non-
invasive method for detecting neural tube abnormalities (NTDs) in 
pregnant women, as well as to provide instructions for radiologist 
and gynaecologists in the process of early diagnosis of NTDs. 
 

MATERIALS AND METHODS 
This cross-sectional study was conducted at Department of 
Radiology, Jinnah Hospital Lahore, during from 11th February 2019 
to 10th August 2019. Total 125 pregnant patients/Gravida 
presenting in first trimester (11 to 13 weeks) & second trimester 
(14 to 22 weeks) assessed on dating scan were included. 
Pregnant women with pre-eclampsia and eclampsia determined on 
systolic BP > 140 and protein urea, and pregnant women with 
history of congenital heart defects determined on 
echocardiography.  
 After taking written consent standard ultrasound scan was 
performed by the same Radiologist on the same ultrasound 
machine and any findings associated with the spina bifida would 
be noted & recorded on a predesigned Performa (Attached). 
Patients were followed till delivery and post-natal MRI was done to 
evaluate spina bifida. Presence of absence of spina bifida on USG 
& MRI was noted as per-operational definition. 
 All the data was entered in SPSS version 20 and data was 
analyzed and presented in the form of frequency and percentages. 
Qualitative variables i.e. gender and spina bifida was presented as 
percentages and frequencies. Whereas quantitative data i.e. age, 
etc was presented as mean and standard deviation. 2x2 
contingency table was used to calculate sensitivity, specificity, 
positive predictive value and negative predictive value. Chi-square 
test was used to assess statistical significance with P-value <0.05 
was taken as significant. 
 

RESULTS 
Age range in this study was from 16-45 years with mean age of 
30.19 ± 6.53 years. Majority of the patients 63 (50.40%) were 
between 16 to 30 years of age as shown in Table I. Distribution of 
patients according to trimester is shown in Figure I. Mean BMI is 
29.45 ± 3.39 kg/m2 (Table II).  
 All the patients were subjected to first ultrasonography and 
then MRI. USG supported the diagnosis of spina bifida in 62 
patients. MRI confirmed spina bifida in 63 cases.  In USG positive 
cases, 58 were true positive and 04 were false positive. While in 
USG negative patients, 58 were true negative and 05 were false 
negative (Table III). Overall sensitivity, specificity, positive 
predictive value, negative predictive value and diagnostic accuracy 
of ultrasound in detection of spina bifida in the first and second 
trimester  using post-natal MRI as gold standard is 92.06%, 
93.55%, 93.55%, 92.06% and 92.80% respectively. 
 
Table-1: Distribution of patients according to Age (n=125). 

Age (years) No. of Patients %age 

16-30 63 50.40 

31-45 62 49.60 

Total 125 100.0 

Mean ± SD = 30.19 ± 6.53 years 

 

 
Figure-1: Distribution of patients according to trimester (n=125). 

Table-2: Distribution of patients according to BMI (n=125). 

BMI (kg/m2) No. of Patients %age 

≤30 57 45.60 

>30 68 54.40 

Mean ± SD = 29.45 ± 3.39 kg/m2 

 
Table-3: Diagnostic accuracy of ultrasound in detection of spina bifida in the 
first and second trimester using post-natal MRI as gold standard. 

 Positive result 
on MRI  

Negative result 
on MRI 

P-value 

Positive on USG   58 (TP) 04 (FP)  
0.0001 Negative USG  05 (FN) 58 (TN) 

TP=True positive FP=False positive FN=False negative TN=True negative 

 
 Sensitivity: 92.06% 
 Specificity: 93.55% 
 Positive Predictive Value (PPV): 93.55% 
 Negative Predictive Value (NPV): 92.06% 
 Diagnostic Accuracy: 92.80% 
 

DISCUSSION 
Spina bifida, also known as an open or closed spinal defect, is 
characterised by abnormal closure of the spine during 
development, and can manifest in both open and concealed forms, 
with or without neurological involvement. Myelomeningocele and 
meningocele, two open forms of spina bifida that can have serious 
neurological consequences, account about 0.5 to 0.8 per thousand 
live births [14]. Environmental and genetic factors can contribute to 
this disorder. Folate insufficiency, maternal diabetes, zinc 
deficiency, alcohol consumption in the first three months of 
pregnancy, and exposure to medicines like carbamazepine and 
valproic acid during pregnancy are all possible causes [15]. Folic 
acid supplementation in the periconceptional period, beginning 3 
months before to conception and continuing until the third month of 
pregnancy, can prevent spina bifida [16-17]. 
 This abnormality has a window of opportunity for treatment, 
both in utero and after birth [18–20]. Prenatal foetal surgery for 
myelomeningocele improved cognitive and motor development at 
30 months of age, according to the MOMS study (Management of 
Myelomeningocele Study). Fetuses with open spina bifida between 
trimester 1 and trimester 2 were prioritised for inclusion in this 
study. As a result, it is crucial to make an accurate evaluation of 
the lesion level prior to determining whether or not to proceed with 
surgery [21-24]. Ultrasonography is the gold standard for 
diagnosing spina bifida in the womb, detecting between eighty 
percent and one hundred percent of cases [25]. 
 Evaluation of intracranial translucency between the 11th and 
14th weeks of pregnancy shows promise as a first-quarter 
screening tool. There is no fourth ventricle in a foetus with spina 
bifida because the hindbrain develops too far to the back of the 
skull [26, 27]. Second and third quarters are optimal for evaluating 
the spinal lesion directly with either two- or three-dimensional 
ultrasonography. Counseling of the pregnant lady, her family, and 
the specialists involved is required because the level of the lesion 
is regarded to be the defining factor of foetal prognosis and the 
prediction of possible secondary issues. Two-dimensional 
ultrasonography defines exactly the post-delivery levels of the 
vertebral lesion in only 38% of the cases; this setting increases to 
96% within two levels and reaches 100% within three levels when 
performed in reference centres by trained professionals. However, 
Bruner et al [28] stated that the method presents some limitations 
as to the correct diagnosis of the lesion level. The fact that 
mistakes of up to three levels are possible casts doubt on its utility 
as a deciding factor in the treatment of this malformation, as they 
lead to widely varying injury prognoses in terms of ambulation, 
motor strength, especially in the lower limbs, and control of vesical 
and anal sphincters. 
 Although 3D ultrasonography has been hailed as an 
invaluable adjunctive tool for assessing a wide range of prenatal 
abnormalities, whether or not it is more accurate than 2D 
ultrasonography for determining the extent of harm in a foetus with 
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spina bifida remains debatable [29–33]. In this study, I used post-
natal MRI as the gold standard to evaluate the diagnostic accuracy 
of ultrasound for detecting spina bifida in the first and second 
trimesters of pregnancy. 
 Each patient was scanned using an ultrasound machine and 
subsequently an MRI machine. In 62 of those patients, USG 
confirmed the diagnosis of spina bifida. Sixty-three of the instances 
of spina bifida were confirmed by magnetic resonance imaging. 
We found that 58% of USG-positive cases were accurate readings 
and 4% were false positives. Among USG-negative patients, 58 
were genuine negatives, while 5 were misreads. When compared 
to postnatal MRI as the gold standard, ultrasound's overall 
sensitivity, specificity, positive predictive value, negative predictive 
value, and diagnostic accuracy for detecting spina bifida in the first 
and second trimesters are 92.80%, 92.06%, 93.55%, and 92.80%. 
For the diagnosis of neural tube abnormalities, Romero et al. found 
that sonography had an overall sensitivity of 94.7% and a 
specificity of 98.3%. There was a misdiagnosis of spina bifida in a 
foetus with venticulomegaly, omphalocele, severe kyphosis, and 
scoliosis [11]. Goswami et al. found that, in interior Sindh Pakistan, 
only 09 of 45 instances of NTDs (20%) were discovered prenatally, 
while the remaining 80% were diagnosed postnatally due to a lack 
of ulrasonography [12]. 
 The "banana sign" of the cerebellum and the "lemon sign" of 
the front of the skull are ultrasound detectable indicators of open 
SB [34-36]. Because closed SB does less damage to the skull, it 
cannot be detected by ultrasonography as easily as open SB [37]. 
The ultrasonography has been demonstrated to have a high 
sensitivity and specificity for open SB, with previous investigations 
showing values close to 100% [38]. We identified a sensitivity of 
92.8% in the Danish study population; however, because our data 
includes contains certain closed SB types, the true sensitivity is 
likely to be less than 100%. 
 In Denmark, 88.5% of the overall population with SB was 
diagnosed before gestational week 22 and 93.9% at any 
gestational age. Prenatal detection rates are reported to be 
between 81% and 90% by the EUROCAT society and other 
studies [39,40]. Our overall prenatal detection rate was much 
higher than the proportion (89.3%) reported by the EUROCA, 
demonstrating that the Danish prenatal screening programme 
exceeds that of other European nations that pursue various 
methodologies for prenatal screening for anomalies. The success 
of the Danish programme is likely attributable to its widespread 
adoption and popularity. This is supported by data from the 
Netherlands [40], where 88% of SB diagnoses occur in the second 
trimester and where the same percentage of pregnant women 
accept a second-trimester scan. 
 There was a high rate of termination after ultrasound 
diagnosis (81.6% among all Danish SB cases): 90.3% among 
those detected before week 22 of pregnancy. Prenatal diagnostic 
ToP rates were greater than those reported by the EUROCAT 
(66%; [41]), but comparable to those in Alsace, France (97%; [34]) 
and the region of Emilia-Romagna, Italy (92%; [35]) (only open 
SB). Third-trimester diagnosis rates of 34% were reported in 
Atlanta, Georgia, USA [35] and of 78.6% were reported in northern 
regions of the Netherlands [36]. With the advent of prenatal 
ultrasound, parents expecting a child with a deformity like SB with 
no known hereditary route can now receive genetic counselling, a 
service that was previously only available for children with known 
hereditary disorders. One tenth of the isolated SB had a 
chromosomal aberration, which is consistent with previous reports 
[34]. It is recommended that all women experiencing a pregnancy 
complicated by SB be offered chromosomal tests and counselling 
from a multispecialist team [42], as this indicates a higher chance 
of chromosomal defects in these pregnancies compared with 
normal-appearing foetuses. 
 

CONCLUSION 
The results of this research show that ultrasonography is an 
effective and reliable alternative to MRI for the diagnosis of spina 

bifida, and that it has greatly increased our capacity to detect this 
condition. Therefore, we advocate for universal screening for spina 
bifida using ultrasonography to lessen the number of disabled 
infants and deaths caused by neural tube defects (NTDs). 
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