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nervous system and genito-urinary tract, and should
therefore be employed in patients with anomalies
pertaining to these systems as well as in those in whom
multisystem anomalies are suspected.

ABSTRACT
Introduction: The present study was undertaken to
evaluate the role of Magnetic Resonance Imaging (MRI)
in fetal anomalies and to compare the findings of prenatal
ultrasonography (USG) and MRI in fetal anomalies.

INTRODUCTION

Methodology: Forty pregnant women with sonographically suspected fetal anomalies underwent fetal
MRI. Patients were followed-up postnatally and observations were recorded and analyzed.

Due to growing sophistication in prenatal and neonatal
care, there is an increasing demand for precision in
antenatal diagnosis. Fetal Magnetic Resonance Imaging
(MRI) has emerged as a clinically useful modality for this
purpose.1

Results: Age of the patients ranged from 18 to 35 years
and their period of gestation varied from 18 to 38 weeks.
Fetal anomalies commonly involved central nervous
(39.5%) and genito-urinary systems (27.9%). Other
anomalies which involved thorax, abdomen, and
extremities comprised 32.6%. With regard to central
nervous system anomalies, MRI correctly diagnosed 95%
(19 out of 20) cases while the USG diagnosis was correct
in only 75% (15 out of 20). MRI established the correct
diagnosis in 78.6% (11 out of 14) and USG in 64.3% (9 out
of 14) cases of suspected genito-urinary abnormalities. Of
the thoracic abnormalities, MRI correctly diagnosed 75%
(3 out of 4) whereas USG correctly diagnosed all cases.
MRI provided additional information in two cases of
abdominal anomalies. MRI was inferior to USG in the
detection of extremity anomalies. Overall, there was
complete agreement between USG, MRI, and postnatal
findings in 62.7% cases; with MRI providing additional
information in 32.5% cases.

Ultrasonography (USG) is the primary imaging modality
for evaluating the fetus. It is safe, inexpensive, widely
available, and allows for real-time imaging.2 It provides
good spatial resolution, permits assessment of fetal wellbeing, and allows assessment of fetal and placental blood
flow with Doppler. However, USG has important
limitations. It is uniquely operator-dependent, provides a
small field-of-view, limited soft-tissue acoustic contrast,
and its resolution is restricted by penetration through soft
tissues and bone.3 Thus, its sensitivity is reduced in obese
patients, women with oligohydramnios, and for
intracranial examination through the ossified bony skull
in late gestation.4,5 In these situations, a radiologist can
benefit from the incremental information provided by
MRI.
Fetal anatomy is well visualized in MRI and is not
significantly limited by maternal obesity, fetal position,
oligohydramnios, or ossified fetal skull.6 Soft-tissue
contrast resolution of MRI is unsurpassed and it also
provides a larger field-of-view. MRI boosts diagnostic
confidence for fetal disorders diagnosed by USG and

Conclusion: USG should continue to be the initial
imaging modality for detection of fetal anomalies.
However, MRI is a valuable tool for characterization of
fetal abnormalities, particularly those of the central
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centers in which fetal therapy is practiced have found that
3
MRI helps to facilitate management decisions. MRI does
have significant disadvantages compared with USG. It is
more expensive, can be difficult for claustrophobic
patients, is not as readily available, and provides less
spatial resolution. Furthermore, MR images are hampered
by fetal motion. Lastly, the safety of MRI in first trimester
of pregnancy is not well established.

msec = 3.4/1.68, field of view = 375 mm, matrix =
256 × 256, section thickness = 5 mm, intersection
gap = 1 mm)
Parameters such as field of view, slice thickness, and
interslice gap were modified according to the gestational
age. Respiratory trigger gating was done for s4SSh_TE80
sequence, whereas breath-hold technique was employed
for s4T1W_IP sequence.

METHODS
The present prospective study was undertaken at a tertiary
care institute. Forty pregnant women with suspected or
definite fetal anomalies on antenatal USG or with risk
factors for congenital anomalies were enrolled in the
study. Women in first trimester of pregnancy or with
contraindications to MRI were excluded.

Following delivery or abortion, the neonate/stillborn
fetus/abortus was assessed clinically and/or with imaging
modalities such as USG, contrast studies (micturatingcystourethrography), MRI, and computed tomography.
Three neonates underwent surgical excision of masses
and their surgical specimens were examined histopathologically.

Demographic and clinical parameters were noted. History
of exposure to teratogenic agents, previous adverse
pregnancy outcomes, diabetes mellitus, consanguinity, or
family history of heritable disease was also recorded.
After duly filling form F as per the PC-PNDT Act, the
patients underwent detailed sonographic evaluation of the
fetus on PHILIPS HD 11 XE machine using 3.5-5 MHz
curvilinear probe. A meticulous evaluation of the fetal
organ systems was done for the presence of any congenital
anomalies.

The fetal organ systems were grouped into three
categories; namely central nervous system (CNS), genitourinary system (GUS), and others (including thoracic,
abdominal apart from GUS, and extremities). The fetal
organ systems were assessed on both imaging modalities
as to whether normal or not. These were compared with
the post-natal diagnosis, which was taken as the standard
of reference. Sensitivity, specificity, positive predictive
value, and negative predictive value of both USG and
MRI were calculated.

Fetal MRI was done within seven days of the USG on 1.5
Tesla whole body MR Imager InteraAchieva (PHILIPS)
machine. Patients had to fast for four hours and to empty
their bladder immediately before undergoing MRI so as to
reduce post-prandial fetal motion. Clear instructions were
given regarding breath-holding. After acquisition of
gradient-echo localizing images of the maternal abdomen
and pelvis; sequences were planned in three orthogonal
planes with respect to the fetus; parameters for which
were as follows:

RESULTS



A total of forty consecutive patients with suspected or
diagnosed fetal anomalies on USG were included in our
study. Age of the participants ranged from 18 to 35 years
(mean age 25.95 years) and their period of gestation
varied from 18 to 38 weeks. Majority of the patients (35%)
were primigravidas. 42.5% participants had past history
of adverse pregnancy outcome, three participants had a
significant medical history (two were diabetic and one
was a patient of epilepsy on Carbamazepine), and two
participants had history of consanguinity.

4SSh_TE80 sequence (repetition time msec/echo
time msec = 587/80, field of view = 400 mm, matrix
= 512 × 512, section thickness = 5 mm, intersection
gap = 1 mm)



S4T1W_IP sequence (repetition time msec/echo
time msec = 196/4.6, field of view = 375 mm,
matrix = 256 × 256, section thickness = 5 mm, intersection gap = 1 mm)



BFFE sequence (repetition time msec/echo time

Overall, there were 40 patients and 43 anomalies (number
of anomalies exceeds number of patients as some fetuses
had multiple anomalies). Fetal anomalies commonly
involved the central nervous (39.5%) and genito-urinary
systems (27.9%). Other anomalies (32.6%) involved the
thorax, abdomen, and extremities. Comparison of USG
and MRI findings in the assessment of various fetal organ
systems is depicted in tables 1 to 3.
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Table 1: Comparison of findings of USG and MRI in detection of CNS anomalies
Anomaly

USG

MRI

Postnatal

Chiari II malformation

4

4

4

Meningomyelocele

3

3

3

Occipital encephalocele

3

3

3

Aqueductal stenosis

2

2

2

Occipital meningocele

0

1

1

Dandy Walker Syndrome

1

1

1

Dandy Walker variant

1

1

1

Ventriculomegaly

4

1

1

Diastematomyelia

0

0

1

Table 2: Comparison of findings of USG and MRI in detection of GUT anomalies
Anomaly

USG

MRI

Postnatal

Unilateral pelviureteric junction obstruction

4

4

4

Posterior urethral valve

4

3

2

Bilateral renal agenesis

2

1

1

Left multicystic dysplastic kidney

1

1

1

Right grade V vesicoureteric reflux

1

1

1

Right pelviureteric junction obstruction,
left renal agenesis

0

1

1

Horseshoe kidney

0

1

1

Ovarian teratoma

0

0

1

Regarding the performance of the two imaging modalities
in CNS anomalies, both USG and MRI correctly
diagnosed 15 out of 20 cases. MRI provided additional
information in one case of ventriculomegaly by
demonstrating corpus callosum agenesis with an interhemispheric cyst. Four cases were incorrectly diagnosed
on USG but the diagnosis was rectified on MRI (three
cases of ventriculomegaly on USG were normal on MRI;
and a cystic mass at posterior aspect of neck was
incorrectly diagnosed as cystic hygroma on USG but was
found to be an occipital meningocele on MRI). The
diagnosis of diastematomyelia was missed on both
imaging modalities.

correctly demonstrated right pelvi-ureteric junction
obstruction with left renal agenesis; and in a fetus with
bilateral enlarged echogenic kidneys, fusion of lower
poles was missed on USG but was detected on MRI. USG
and MRI both incorrectly diagnosed a fetus with posterior
urethral valve. Also, in the case of ovarian teratoma, USG
and MRI were only able to demonstrate a non-specific
abdominal cystic mass and suggested possible
differentials but not the exact diagnosis.
Both USG and MRI correctly diagnosed 9 out of 14 cases
of other anomalies. MRI could only detect the presence of
hydrops in the fetus with congenital heart disease and
picked up clubfoot only in two out of four cases. In the
fetus with short rib polydactyly syndrome, MRI was only
able to detect gross limb shortening and the more subtle
findings were overlooked. In the case of meconium cyst,
sonography detected a nonspecific hypoechoic mass in
the fetal abdomen. MRI showed an intraperitoneal mass
with a focus of high T1 signal intensity consistent with

In patients with suspected genito-urinary anomalies, USG
and MRI correctly diagnosed 9 out of 14 cases. MRI
modified the sonographic diagnosis in the following three
cases:one case of suspected posterior urethral valve was
normal on MRI; in a fetus with severe oligohydramnios,
the kidneys were not visualized on USG, however, MRI
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Table 3: Comparison of findings of USG and MRI in detection of other anomalies
Anomaly

USG

MRI

Postnatal

Congenital diaphragmatic hernia

2

2

2

Macrocystic congenital cystic adenomatoid
malformation

1

1

1

Congenital heart disease

1

0

1

Omphalocele

3

3

3

Meconium cyst

0

1

1

Sacrococcygealteratoma

1

1

1

Bilateral clubfoot

3

2

4

Short rib polydactyly syndrome

1

0

1

Table 4: Comparison of diagnostic accuracy of USG and MRI for various fetal organ systems
Sensitivity
USG

MRI

Specificity

Positive Predictive Value

Negative Predictive Value

USG

MRI

USG

MRI

USG

MRI

CNS

88.2% 94.1%

86.9%

100%

83.3%

100%

90.9%

95.8%

GUS

75%

91.7%

92.8%

96.4%

81.8%

91.7%

89.6%

96.4%

Others 85.7% 71.4%

96.1%

96.1%

92.3%

90.9%

92.6%

86.2%

CNS- Central Nervous System, GUS- Genito Urinary System

meconium, in close proximity to bowel and with
prominent fetal stomach bubble. The presence of
meconium was considered indicative of a gastrointestinal anomaly, as confirmed at postnatal surgery.

diagnostic accuracy than USG in anomalies of fetal CNS
and GUS. However, it has lower diagnostic accuracy for
other systems (comprising thorax, abdomen, and
extremities).

When all cases (40 fetuses with 43 diagnoses) in this study
are considered, there was complete agreement between
USG, MRI, and postnatal findings in 27 (62.7%) of 43
cases. MRI provided additional information to that from
USG in six (13.9%) cases and changed the USG diagnosis
in an additional eight (18.6%). In other words, the
addition of MR imaging to the prenatal evaluation
provided valuable information in 14 (32.5%) of 43 cases.

DISCUSSION
The present prospective study was undertaken to evaluate
the role of MRI in fetal anomalies in the second or third
trimester and to compare the findings of prenatal USG and
MRI in fetal anomalies.
Fetal anomalies commonly involved the CNS (39.5%)
and genito-urinary system (27.9%). Other anomalies
(32.6%) involved the thorax (9.3%), abdomen (11.6%),
and extremities (11.6%). Multiple anomalies were present
in seven fetuses. Likewise, out of the 28 cases in the study
by Frates et al2, the majority were related to the CNS
(60.7%). Other anomalies were related to the thorax
(21.4%), the genito-urinary system (14.3%), and other
systems (17.8%).

The diagnostic accuracy of USG and MRI for various fetal
organ systems is presented in table 4. USG had lower
sensitivity (88.2%) and specificity (86.9%) in the
detection of CNS anomalies as compared to MRI, which
has a sensitivity of 94.1% and a specificity of 100%. USG
also had lower sensitivity (75.0%) than MRI (91.7%) in
detection of genito-urinary anomalies but both USG
(92.8%) and MRI (96.4%) had high specificity in
diagnosis of genito-urinary anomalies. USG had a higher
sensitivity (85.7%) than MRI (71.4%) in the detection of
anomalies other than those of the CNS or GUS, but both
had equally high specificity of 96.1%. MRI had higher

Chiari II malformation was the most common CNS
anomaly in our study (Figure 1) accounting for 23.5% (4
out of 17) cases. Other CNS anomalies detected were
occipital encephalocele (17.6%) (Figure 2), occipital
meningocele (5.9%), aqueductal stenosis (11.7%) (Figure
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3), Dandy Walker syndrome (5.9%) (Figure 4), Dandy
Walker variant (5.9%), corpus callosal agenesis with
interhemispheric cyst (5.9%) (Figure 5), meningomyelocele (17.6%) and diastematomyelia (5.9%). The
2
CNS anomalies detected by Frates et al were
ventriculomegaly, Dandy Walker variant, Chiari
malformation, pontine cerebellar degeneration,
intraventricular hemorrhage, tuberous sclerosis, vein of
Galen aneurysm and corpus callosal agenesis.

and increasing experience in interpretation of fetal MRI in
the interval between the two studies.
Three cases diagnosed as ventriculomegaly on USG were
found to be normal on MRI; this was confirmed on
postnatal follow-up. Hence, USG overdiagnosed
ventriculomegaly. Similar to this, one suspected case of
ventriculomegaly, one suspected case of agenesis of
corpus callosum and two suspected cases of Dandy
Walker variant on USG were found to be normal on MRI
2
in the study by Frates et al. Also, in one fetus with
ventriculomegaly on USG in our study, MRI provided
additional information by demonstrating agenesis of
corpus callosum and a dorsal inter-hemispheric cyst.
Thus, MRI is a valuable tool in evaluation of fetuses with
ventriculomegaly.

MRI correctly diagnosed 95% cases (19 out of 20) of
suspected CNS anomalies. On the other hand, the
diagnosis established by USG was correct in only 75% (15
out of 20) fetuses. However, a limitation in our study is the
bias due to MR images being interpreted with prior
knowledge of the USG findings. A lower percentage
(62%) of CNS anomalies was correctly diagnosed by both
2
modalities in the study by Frates et al. This discrepancy is
possibly due to the small sample size in both the studies

MRI modified the sonographic diagnosis in 25% (5 out of
20) cases of suspected CNS anomalies. This result is in
close approximation to that of a larger study on CNS
7
abnormalities by Levine et al , in which MR imaging

Figure 1a

Figure 1b

Figure 1c

Figure 1d

Figure 1e

Figure 1f

Figure 1: Chiari II malformation. (a,b) USG showed fetal ventriculomegaly with lumbar meningomyelocele;
(c, d) MRI showed herniation of cerebellum through foramen magnum with associated meningomyelocele and
bilateral clubfoot; (e,f) Postnatal MRI confirmed Chiari II malformation and meningomyelocele.
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Figure 2a

Figure 2b

Figure 2d

Figure 2c

Figure 2e

Figure 2: Occipital encephalocoele. (a, b) USG showed a predominantly cystic lesion at posterior aspect of
head; (c, d) Sagittal and axial BFFE images showed occipital bony defect with herniation of brain parenchyma
and meninges; (e) Post-natal picture showing the occipital encephalocele.
horseshoe kidney (8.3%), and ovarian teratoma (8.3%).

findings changed the diagnosis in 31.7% (46 out of 145)
fetuses.

MRI established the correct diagnosis in 78.6% (11 out of
14) fetuses with suspected genito-urinary abnormalities.
Initial sonographic diagnosis was correct in 64.3% (9 out
of 14) cases, and the MRI findings were concordant with
sonography in these cases. The addition of MRI correctly
modified the sonographic diagnosis in 3 fetuses (21.4%).
In a fetus with severe oligohydramnios, the kidneys were
not visualized on USG. However, MRI correctly
demonstrated right pelvi-ureteric junction obstruction
with left renal agenesis. In a fetus with bilateral enlarged
echogenic kidneys, fusion of lower poles was missed on
USG but was detected on MRI. One case of suspected
posterior urethral valve was normal on MRI and postnatal
follow-up. Hence, MRI may help to better characterize
urinary tract anomalies in selected cases, such as in the
setting of oligohydramnios, where sonographic assessment of the fetus is impaired.

MRI had a higher sensitivity (94.1%) and specificity
(100.0%) in the detection of CNS anomalies compared to
USG (sensitivity of 88.2%, specificity of 86.9%). Our
series lends further support to previous MR studies
establishing the excellent diagnostic capabilities of MR
imaging in fetal CNS anomalies.8
Genito-urinary anomalies were detected in fourteen
fetuses on imaging. However, two fetuses with suspected
posterior urethral valve were found to be normal on
postnatal follow-up. Pelvi-ureteric junction obstruction
(33.3%) (Figure 6) and posterior urethral valve (16.7%)
comprised half the cases of genito-urinary anomalies.
Other diagnoses included bilateral renal agenesis (8.3%),
unilateral renal agenesis with contralateral pelvi-ureteric
junction obstruction (8.3%), vesico-ureteric reflux (8.3%)
(Figure 7), multicystic dysplastic kidney (8.3%),
70
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Figure 3a

Figure 3b

Figure 3c

Figure 3d

Figure 3: Aqueductal stenosis. (a, b) Sonography showed dilatation of fetal lateral and third ventricles; (c,d)
Coronal and sagittal BFFE images confirmed USG findings of non-communicating hydrocephalous with
normal fetal spine and posterior fossa.
diagnosed 75% (3 out of 4) cases of thoracic anomalies.
MRI could only detect the presence of hydrops fetalis in
the case of congenital heart disease but was unable to
identify the heart defect because of high fetal cardiac
activity. This is concurrent with the results of the study by
11
Kubik-Huch et al where MR imaging was found to be
inferior to sonography in assessing the heart due to
missing flow information.

In the study on complementary roles of USG and MRI in
the assessment of fetal urinary tract anomalies by
9
Bargeshyan et al dilated renal collecting systems and
multicysticdysplastic kidneys accounted for 46.2% cases.
The results of our study are in agreement with Bargeshyan
et al.9 who found MRI to be concordant with USG in 24 of
39 cases (61%). The addition of MRI modified the
diagnosis in 14 fetuses (36%) and changed the
management of pregnancy in 1 case (3%).

MRI provided better information about the contents in the
cases of Bochdalek hernia due to its superior soft tissue
contrast. In the study by Levine et al10, MRI findings
represented information additional to that acquired with
US in a lower percentage (38%) of cases. The limited
number of cases of thoracic anomalies in our study may
account for this discrepancy.

Thoracic abnormalities were detected in four cases in our
study. These were two cases of Bochdalek hernia (50%)
(Figure 8), one case of macrocystic Congenital cystic
adenomatoid malformation (CCAM) (25%) (Figure 9)
and one case of congenital heart defect (25%). In the
2
10
studies by Frates et al and Levine et al also, the most
frequently detected thoracic anomaly was congenital
diaphragmatic hernia.

Omphalocele constituted the majority of cases (3 out of 5)
of abdominal anomalies in our study (60%). Other
anomalies pertaining to the abdomen were one case each

USG correctly diagnosed all cases whereas MRI correctly
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Figure 4a

Figure 4b

Figure 4c
Figure 4d
Figure 4: Dandy Walker syndrome. (a) Ultrasonography showed a posterior fossa cystic lesion,
ventriculomegaly and absent cerebellar vermis; (b,c,d) MRI also showed a posterior fossa cystic lesion (b);
ventriculomegaly; (c) and absent cerebellar vermis; (d) confirmative of Dandy Walker syndrome.

Figure 5a

Figure 5b

Figure 5d

Figure 5c

Figure 5e

Figure 5: Corpus callosal agenesis. (a) Sonography showed ventriculomegaly; (b) Axial MRI revealed
colpocephaly; (c) with normal posterior fossa; (d) Absent corpus callosum on sagittal MRI;
(e) interhemispheric cyst communicating with third ventricle on coronal image.
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Figure 6a

Figure 6b

Figure 6c

Figure 6d
Figure 6e
Figure 6: Pelvi-ureteric junction obstruction. (a, b) Ultrasonography showed dilated right renal pelvis with anteroposterior dimension of 13.5 mm; (c, d) Axial T2W MRI image showed right hydronephrosis with normal fetal urinary
bladder suggestive of pelvi-ureteric junction obstruction; (e) Post-natal ultrasound confirmed the diagnosis.

Figure 7a

Figure 7b

Figure 7c
Figure 7d
Figure 7: Vesico-ureteric reflux. (a) Sonography showed right hydronephrosis and over-distended urinary
bladder; (b, c) Axial and coronal BFFE images showed gross right fetal hydroureteronephrosis with an over
distended urinary bladder; (d) Post-natal MCU showed right grade V vesico-ureteric reflux.
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Figure 8a

Figure 8b

Figure 8c

Figure 8d
Figure 8e
Figure 8: Bochdalek hernia. (a, b, c) USG revealed stomach bubble at level of heart, bowel loops in left
hemithorax, with small abdominal circumference; (d,e) MRI showed defect in left hemidiaphragm with
herniation of bowel and liver into the left hemithorax and hypoplastic lungs.

Figure 9a

Figure 9b

Figure 9c

Figure 9d

Figure 9: Macrocystic CCAM (Congenital cystic adenomatoid malformation). (a, b) Ultrasound showed a cystic
mass in left fetal hemithorax; (c, d) Coronal and sagittal s4SSh_TE80 images showed cystic mass in left fetal
hemithorax separate from the spine.
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Figure 10a

Figure 10b

Figure 10c

Figure 10d

Figure 10: Meconium cyst. (a) Ultrasound showed an intra-abdominal cystic lesion. (b, c) MRI also showed a
septated cystic lesion with small T1W hyperintense component in close proximity to bowel; (d) Following postnatal surgery, lesion was found to be a meconium cyst.

Figure 11a

Figure 11b

Figure 11d

Figure 11c

Figure 11e

Figure 11: Sacrococcygeal teratoma. (a, b) USG showed a large sacral mass with polyhydramnios; (c, d)
Sagittal T2W MRI showed a predominantly external solid-cystic mass in sacral region; (e) Postnatal image
showing a large sacrococcygeal mass; histopathologically confirmed as a teratoma.
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and genito-urinary system with sensitivities of 94.1% and
91.7%; and specificities of 100% and 96.4% respectively.
USG had lower sensitivities of 88.2% and 75%;
specificities of 86.9% and 92.8% for these systems.

of meconium cyst (20%) (Figure 10) and sacrococcygeal
teratoma (20%) (Figure 11). The diagnoses are at variance
with the diverse abdominal diseases detected in the study
12
by Hill et al , probably because the number of cases
involving the fetal abdomen was few in both the studies.

MRI was inferior to USG in assessment of other systems;
for which it had a sensitivity of 71.4% and specificity of
96.1%, whereas USG had a sensitivity of 85.7% and
specificity of 96.1%. Similar comparison was also drawn
11
in the study by Kubik-Huch et al, wherein MR imaging
was found to be slightly superior to USG with regard to
cerebral abnormalities only. MRI was inferior to USG in
assessing the heart and was also limited in the assessment
of extremities.

MRI provided additional information relative to USG in
the fetuses with meconium cyst and sacrococcygeal
teratoma, while it was non-contributory in omphalocele
and simply confirmed the sonographic diagnoses. Hill et
12
al also reported similar results with MRI providing
additional information in 50% cases. Therefore, some
cases of prenatally diagnosed abdominal masses may
benefit from the additional information obtained with
fetal MRI due to its better soft tissue contrast resolution.

CONCLUSION

Clubfoot accounted for the majority of extremity
anomalies (4 out of 5) in our study (80%). The only other
case involving the extremities was of short rib polydactyly
syndrome type II (20%). MRI was inferior to sonography
in the detection of extremity anomalies (sensitivity of
40% versus 80% of USG) due to its inability to image the
fetal extremities in the desired plane in all cases and lack
of real-time imaging capabilities. Same findings were also
reported by Kubik-Huch et al.11

USG is a good initial modality for detection of fetal
anomalies. However, it has certain limitations; and MRI is
an indispensable adjunct to USG for further characterization of fetal anomalies. MRI is most beneficial in
delineating central nervous system and genito-urinary
tract anomalies, and so should be used whenever there is a
suspicion of the same.
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