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Abstract 

Background  Fetal MRI is a valuable supplementary study to the prenatal US in accurate diagnosis of fetal gastroin-
testinal anomalies and ventral abdominal wall anomalies, which has an impact on the postnatal outcome.

Aim of work  To establish the additive role of fetal MRI to the prenatal US in the identification of complex fetal GIT 
anomalies.

Methods  This prospective study involved 36 pregnant patients with age range from 19 to 41 years (mean ± SD of 
27.8 ± 5.3 years). Thirty-six fetuses (19 males and 17 females). All cases underwent dedicated 2D obstetric ultrasound 
assessment with a focus on the fetal abdomen and some cases required additional 3D and 4D assessment. Twenty-
seven patients underwent fetal MRI procedures.

Results  In our study, fetal MRI was significantly more accurate than US in the confirmation and accurate delineation 
of the level of small bowel obstruction and differentiation of complete obstruction from luminal stenosis. In cases of 
anorectal malformations, prenatal US and fetal MRI were equally sensitive in the detection of their associated findings. 
While fetal MRI was superior to the US in the case of congenital chloride diarrhea. MRI images added the presence 
of distended oropharynx in esophageal atresia cases while other findings were detected with the same accuracy 
with both US and MRI. In cases of ventral abdominal wall defects, fetal MRI added fine details about the true size of 
the defect, the actual content of the abdominal wall defect as well as the detection of the presence of large bowel 
loops and related complications. In the category of fetal abdominal cysts, fetal MRI was superior to the US owing to 
its greater soft tissue characterization. In the case of sacrococcygeal teratoma (SCT), fetal MRI detected an additional 
intra-pelvic extension upgrading the tumor and detecting the true size of the intra-spinal component. In the category 
of congenital diaphragmatic hernia, MRI was superior in the detection of hernia capsule, herniated liver, and associ-
ated complications as well as accurate estimation of fetal lung volume. Studying the cases of cloacal malformations 
showed that owing to better tissue characterization by MRI the anomaly and its associated abnormal genitourinary 
communication were better delineated by MRI. The sensitivity of MRI to detect congenital anomalies concerning 
postnatal findings was 100%, the specificity was 50% and diagnostic accuracy was 96.6%. The sensitivity of ultrasound 
to detect congenital anomalies concerning postnatal findings was 85.3%, the specificity was 89%, and diagnostic 
accuracy was 80.6%. The sensitivity of combined US and MRI to detect congenital anomalies concerning postnatal 
findings was 100%, the specificity was 89%, and diagnostic accuracy was 93.1%.
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Conclusions  Fetal MRI is a valuable supplementary study to the prenatal US in accurate diagnosis of fetal obstructive 
gastrointestinal anomalies, ventral abdominal wall anomalies, fetal abdominal cysts, masses, and congenital diaphrag-
matic hernia. Fetal MRI is equally sensitive to the prenatal US in anorectal malformations.

Keywords  Fetal MRI, Prenatal US, Fetal GIT anomalies

Background
Organs of the gastrointestinal tract, kidneys, urinary 
tract, suprarenal glands, and genitalia are all affected 
by congenital malformations. During the abnormalities 
screening ultrasound examination, aberrant pictures or 
the absence of normal structures are used to diagnose 
fetal abdominal malformations. Therefore, it is extremely 
important to collect and record standard normal photo-
graphs of the abdomen [1].

Congenital abdominal abnormalities can be detected 
in utero, and this has been shown to affect the baby’s 
postnatal course (improved delivery planning, quicker 
surgical intervention, and fewer frequently occurring 
metabolic problems) [2].

For many years, ultrasound (US) has been the main 
imaging technique for fetal anomaly prenatal diagnosis 
[3]. The use of fetal MRI to visualize prenatal structures 
and the fetus in utero in detail is growing. However, only 
a small number of radiologists and doctors are conver-
sant with fetal MRI.  [4]. Usually, 1.5  T is used for fetal 
MRI. A field strength of 3  T is regarded as safe at any 
stage of gestation, while higher field strengths have also 
been employed [5].

The relative worth of US and MRI will keep changing as 
a result of continual technological advancement and clin-
ical evaluation of both modalities’ advancements. Prena-
tal diagnosticians currently have to decide which imaging 
modality to use to respond to particular clinical queries 
[2].

There are not many papers on the utility of MR imag-
ing in prenatal abdominal diseases, which underlines 
the need for more extensive research to establish the 
function and worth of fetal abdomen MR imaging. We 
provide our knowledge of fetal MR imaging of abdomi-
nal abnormalities in this paper. This research aimed to 
establish the role of fetal MRI as a tool supplementary to 
prenatal US in the diagnosis of fetal GIT and abdominal 
wall anomalies, thus aiding in perinatal management and 
improving postnatal survival rates.

Patients and methods
This prospective study involved 36 fetuses (19 males and 
17 females). All of the cases presented with suspected 
fetal GIT anomaly and were referred from the gynecol-
ogy outpatient clinic, fetal medicine unit, and women’s 

imaging unit for fetal MRI. The study was conducted at 
our university from October 2019 to March 2022. All of 
the study participants gave informed written consent to 
the study.

Inclusion Criteria: Pregnant patients with suspected 
fetal abdominal anomalies by antenatal ultrasound. 
Exclusion Criteria: a. pregnant patients with claustropho-
bia. b. Implants with electronic, magnetic, and mechani-
cal components. c. Active devices with ferromagnetic or 
electronic controls, such as automatic cardioverter defi-
brillators. d. Artificial heart valves or pacemakers for the 
heart.

All patients were subjected to

a.	 Thorough clinical examination with history taking, 
and gynecological examination.

b.	 All cases underwent dedicated 2D obstetric ultra-
sound assessment with a focus on the fetal abdo-
men and some cases required additional 3D and 4D 
assessment using (Toshiba Aplio 550, trans-abdomi-
nal approach was done using 3–4 MHz).

c.	 Twenty-seven patients underwent fetal MRI proce-
dures (MRI examination not done for all the stud-
ied pregnant patients due to technical difficulty and 
refusal of the patients) using two Philips medical sys-
tems devices (Entera and Achieva), which each used 
a 1.5-T magnet and a torso coil Table  1. MRI tech-
nique was used in this study.

Both MRI and US examinations were interpreted by 
two different expert radiologists, with more than 20 years 
of experience in each.

Statistical analysis and sample size
SPSS (statistical software for social science) version 26.0 
was used to analyze the data on an IBM -compatible 
computer (SPSS Inc., Chicago, IL, USA). The accuracy of 
the qualitative data was evaluated using 2*2 contingency 
table equations of assessing the validity. The qualitative 
data were given as numbers and percentages “n (%)” [6]. 
The calculated sample size is 31 fetuses with GIT and 
abdominal wall abnormality. This number will be large 
enough to detect at least 3% (± 6%) of GI tract abnor-
malities with MRI [2], at a 95% level of confidence and an 
80% power of the study. This number will be increased by 



Page 3 of 14Abbas et al. Egypt J Radiol Nucl Med           (2023) 54:59 	

10% to compensate for possible dropouts, and then the 
final sample size will be 35 fetuses.

Postnatal outcome
After imaging data were conducted, all cases were fol-
lowed up in our obstetrics clinic for determination of the 
date and method of delivery or termination. Postnatal 
imaging in live births and autopsy in stillbirths and intra-
uterine fetal death (IUFD) were used as the gold stand-
ard for definite diagnosis and correlated with a diagnostic 
accuracy of Prenatal US and fetal MRI.

Results
This study was conducted on 36 pregnant patients 
ages ranging from 19 to 41  years (mean ± SD of 
27.8 ± 5.3 years). The studied babies included 17 females 
(47.2%) and 19 males (52.8%). About 30.6% of our studied 
pregnancies ended with termination, while 25% under-
went normal delivery at GA 37–39  weeks, and the rest 
44.4% delivered by CS at 32–39 weeks. The outcome was 
live birth in 44.4% of the cases, stillbirth in 33.3%, and 
IUFD in 22.3%.

Those fetuses were examined by both ultrasonography 
(US) and magnetic resonance imaging (MRI) to detect 
their specificity and sensitivity of them in correlation to 
postnatal imaging or autopsy in the detection of abdomi-
nal anomalies.

Fetal abdominal anomalies in descending order of fre-
quency were encountered in our study as follows:

a.	 Fetal obstructive esophageal and gastrointestinal 
anomalies in 18 cases (50%).

b.	 Fetal ventral abdominal wall defects in 7 cases 
(19.4%).

c.	 Fetal congenital diaphragmatic hernia in 6 cases 
(16.7%).

d.	 Fetal pelvi-abdominal cysts and masses in 5 cases 
(13.9%).

In our study, cases with suspected obstructive esopha-
geal and gastrointestinal anomalies were displayed as 
follows; included four cases of small bowel obstruction, 
three cases with an anorectal malformation, and two 
cases of esophageal atresia.

In instances of small bowel obstruction
Fetal small bowel obstruction was prenatally diagnosed 
by the presence of three major US findings, namely the 
presence of dilated stomach, a dilated segment of small 
bowel loops, and polyhydramnios Fig.  1. On the other 
hand, fetal MRI was significantly more accurate than US 
in confirmation and accurate delineation of the level of 
small bowel obstruction and differentiation of complete 
obstruction from luminal stenosis owing to its ability to 
detect high T1 meconium signals (MR colonography) as 
follows:

a.	 One case with jejunal atresia: The prenatal US pro-
posed the level of obstruction at the jejunoileal junc-
tion with distal collapsed small ileal loops. Based on 

Table 1  MRI techniques used in our study

(See figure on next page.)
Fig. 1  A 28-year-old pregnant female with a follow-up 4D US reveling fetal small bowel dilatation. Ultrasound findings: A, B axial sections of the 
fetal abdomen showing borderline fetal small bowel dilatation with a maximum diameter of 14 mm. C axial section revealing a normal caliper 
colon. (D) images showing a normal AFI of 14.6 cm3. MRI Findings: E Coronal, F axial T2WIs showing borderline fetal small bowel dilatation up to 
distal ileal loops in the left iliac region with the normal position of duodenojejunal flexure. G, H, I coronal T1WIs show an average caliper fetal whole 
colon down to the normal anorectal junction. J Postnatal fetal erect abdominal X-ray showed no air-fluid levels and the infant passed meconium 
combined US and MRI Diagnosis: Distal ileal stricture rather than atresia. Termination by CS at GA 39 weeks
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Fig. 1  (See legend on previous page.)
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MRI, T2 WIs confirmed the site of the transitional 
zone, and T1WI added the presence of diminished 
meconium signals within distal ileal loops and the 
whole colon suggesting complete jejunal obstruc-
tion. Such a case ended with IUFD and the postnatal 
autopsy showed complete distal jejunal atresia.

b.	 One case with ileal atresia: The prenatal US detected 
increased fetal abdominal circumference by virtue of 
multiple dilated small bowel loops with a collapsed 
colon. On the other hand, T2WIs confirmed the 
level of obstruction, and T1WIs added the presence 
of an averagely distended fetal colon with a normal 
amount of fetal meconium up to the level of anorec-
tal junction excluding the presence of multiple sten-
otic bowel segments. The infant was born by emer-
gency CS with a markedly distended abdomen and 
postnatal US images confirmed the diagnosis.

c.	 One case with proximal ileal obstruction: Follow-
up prenatal 4D US in scanning at the third trimes-
ter showed mildly dilated proximal ileal loops with 
no evidence of polyhydramnios or dilated stomach 
suggesting ileal stenosis versus malrotation. T2WIs 
detected the same US findings and excluded mal-
rotation by the normal position of the duodenoje-
junal junction, and T1WIs added the presence of 
well-distributed meconium in distal ileal loops and 
whole colon suggesting incomplete ileal obstruc-
tion. The fetus was delivered by normal vaginal 
birth at 36  weeks and an immediate postnatal erect 
abdominal X-ray showed no air-fluid levels. Later on, 
that infant passed meconium excluding small bowel 
obstruction.

d.	 One case with duodenal obstruction: in which 
advanced prenatal US detected typical two bubble 
sign of dilated stomach and duodenum with severe 
polyhydramnios. Unfortunately, IUFD occurred 
before fetal MRI was done. The postnatal autopsy 
revealed a markedly distended fetal abdomen with 
complete duodenal obstruction.

In suspected anorectal malformation cases Fig. 2
Prenatal US showed a distended fetal abdomen with 
dilated bowel loops up to the level of anorectum as 
well as severe polyhydramnios with one case show-
ing echogenic well-defined structures within the dis-
tended rectum (enterolith) suggesting the presence of a 
recto-vesical fistula. T2 WIs confirmed the presence of 
dilated fluid-filled small and large bowel loops and poly-
hydramnios as well as the presence of enterolith in one 
case appearing as low signal well-defined intra-luminal 
structures within the distended rectum. T1WI was very 
helpful as it detected reduced caliber and meconium 

signals at the site of rectal atresia in two cases and sur-
prisingly the absence of meconium in one case suggest-
ing the diagnosis of congenital chloride diarrhea (CCD) 
rather than an anorectal malformation. The case with 
suspected anal atresia with recto-vesical fistula ended 
with IUFD and autopsy confirmed the diagnosis. Other 
cases with suspected anorectal malformation were born 
by emergency CS with postnatal imaging confirming the 
diagnosis. The MRI suggested a case of CCD was born by 
elective CS with postnatal US showing dilated small and 
large bowel loops and the infant had severe watery diar-
rhea, confirming the diagnosis.

In suspected esophageal atresia cases
Prenatally, both US and T2WIs showed persistent small-
sized fetal stomach in presence of polyhydramnios, T2 
sagittal MRI images added the presence of a distended 
oropharynx in one out of 2 cases. Yet both US and MRI 
failed to identify the proximal esophageal pouch in the 
fetal neck (pouch sign). One case was born as stillbirth 
and an autopsy was not done, and another case was born 
living with postnatal gastrografin swallow confirming the 
diagnosis.

In the study of ventral abdominal wall defects
The results of the prenatal advanced 4D US of these 
cases were reported as follows; four cases of body stalk 
anomaly, one case of Gastroschisis, one case of Ompha-
locele, and one case of ruptured Omphalocele. Fetal MRI 
was done for only two cases, namely the Omphalocele 
and Gastroschisis cases. The other five cases underwent 
termination soon after diagnosis by advanced 4D US, so 
fetal MRI was not conducted.

In our study, cases with body stalk anomaly were diag-
nosed solely by advanced prenatal US by compilation of 
findings detected in all eight cases in form of large ventral 
abdominal wall defect with herniation of liver and small 
bowel loops being adherent to the amniotic membrane 
with associated very short umbilical cord, severe bowing, 
and angulation as well as shortening of fetal limbs with 
kyphoscoliosis of the fetal spine. The two cases with rup-
tured Omphalocele were suspected by the advanced US 
due to herniation of the liver with an overlying thin dis-
continuous membrane through a large ventral abdomi-
nal wall defect with cord insertion on top of membrane 
remnants.

A fetal MRI added fine details about the true size 
and actual content of the abdominal wall defect. As 
in Omphalocele cases Fig.  3, the US revealed a central 
large abdominal wall defect with herniation of the right 
hepatic lobe and a few small bowel loops through a defect 
with a very thin covering membrane with umbilical cord 
insertion on top. Fetal MRI T2WIs added herniation of 
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part of the fetal stomach as well as tenting of the fetal uri-
nary bladder base while T1WIs excluded the herniation 
of large bowel loops owing to high meconium signals in 
T1WIs.

Also, in Gastroschisis cases; the US revealed hernia-
tion of a long segment of the fetal small bowel through 
a para-umbilical defect to the right of the umbilical 
cord insertion in the fetal abdomen with no overly-
ing membrane. Fetal MRI T2WIs added the presence 
of thick-walled herniated bowel denoting mesenteric 
venous congestion (due to large hernia content com-
pared to the rather small defect), and again TWIs 
excluded herniation of the large bowel loops.

Fetal abdominal cysts and masses (5 cases)
Two cases of fetal mesenteric cysts, one case of fetal 
ovarian cyst, one case of encysted ascites with hydrops 
fetalis, and one case of sacrococcygeal teratoma were 
included in our study. Their diagnoses were confirmed 
postnatally by imaging in live births and autopsy in 
stillbirth and IUFD. In this category, fetal MRI was 
superior to the US owing to its greater soft tissue char-
acterization enabling accurate delineation of lesions 
and their relation to surrounding structures.

In fetal mesenteric cysts Fig.  4: prenatal US revealed 
well-defined thin-walled cystic lesions with clear ane-
choic fluid. They are either in the right upper quad-
rant or both left upper and lower quadrants. The US 
excluded their genitourinary and biliary origin. Fetal MRI 
T2WIs confirmed the US findings and excluded the cyst 

A B C

D E F G

Fig. 2  A 34-year-old female 28 weeks pregnant underwent a routine 4D US revealing multiple fetal anomalies. Ultrasound findings: A Axial 
trans-abdominal image of the fetal pelvis, B sagittal transvaginal image of fetal abdomen and pelvis shows the dilated sigmoid colon and 
rectum down to the level of the anorectal junction with absent echogenic anal dimple and multiple echogenic intra-luminal well-defined 
lesions (enterolith). A The image also shows a well-defined cystic structure posterior to the dilated rectum with a thin echogenic wall. C Axial 
trans-abdominal image of fetal neck revealing subcutaneous cystic lesion in the fetal nape with communication with a bony defect in the occipital 
bone. Fetal MRI findings: D, E, F, G axial, coronal, sagittal, and coronal T2WIs, respectively, revealed dilated rectum, sigmoid, and descending colon 
with multiple enteroliths (arrowed) within (low T2 signals oval structures) and detected narrowed rectal segment below the apex of the bladder 
(low type). D The axial image revealed a low T2 signals of a cystic lesion (arrowed) posterior to the rectum (denoting calcification). G Coronal 
T2WIs revealed smooth fetal perineum with an absent anal dimple. F The sagittal image revealed the occipital cystic lesion. Combined US and 
MRI Diagnosis: Low-type anorectal malformation with recto-vesical fistula, meconium pseudocyst, and occipital encephalocele likely representing 
sequel of VACTERL anomaly. IUFD at GA 29 weeks
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Fig. 3  A 26-year-old pregnant female with a routine 2nd trimester 4D US showing large ventral abdominal wall defect. Ultrasound findings (A), B 
axial sections of the fetal abdomen show a large central abdominal wall defect with herniation of the right hepatic lobe and bowel loops through. 
C, D sagittal 4D images revealing clenched hands and rocker bottom feet deformity. MRI findings: E, H sagittal T2WIs showing herniated liver and 
small bowel loops with an overlying thin membrane and associated rocker bottom feet. F, G axial T2WIs showing the size of the hernia defect, 
content as well as clenched hand. I sagittal T1WIs showing meconium signals within herniated bowel distal ileal loops. Diagnosis: The combination 
of skeletal anomalies with large Omphalocele suggested underlying chromosomal abnormality and trisomy 18 was diagnosed by postnatal 
chromosomal analysis. Termination by C.S. at 37 weeks
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communication with any segment of the fetal bowel as 
well suggesting their mesenteric origin.

In our prenatally diagnosed fetal ovarian cysts cases, 
prenatal US detected the presence of a left-sided unilocu-
lar anechoic pelvic cyst in a female fetus and fetal MRI 
confirmed the US finding and excluded its urinary and 
bowel origin.

In cases with ascites and hydrops fetalis, the US sus-
pected the presence of encysted fluid around the fetal 
liver and free fluid in all other quadrants together with 
diffuse subcutaneous edema and bilateral pleural effu-
sion. On the other hand, fetal MRI T2WIs excluded the 
presence of septations within the fetal abdominopelvic 
free fluid and confirmed the other US findings.

In cases of sacrococcygeal teratoma Fig.  5, prenatal 
US in the early 2nd trimester detected the presence 
of fetal lower back large mixed solid and cystic vascu-
lar mass lesion located at the lower lumbar and sacral 
regions with posterior neural element bony defect and 

a herniated intra-spinal lesional component. A compli-
mentary fetal MRI was done twice (at 19 and 26 weeks). 
The 2nd MRI session was additive in the detection of 
an additional intra-pelvic extension, thus upgrading the 
tumor extension, and the actual size of the herniated 
intra-spinal components was precisely determined. 
Also, the prediction of complicated fetal hydrops was 
done owing to extensive humoral neovascularization 
(appearing as multiple signal void structures within the 
tumor) and resultant volume overload-induced heart 
failure.

Congenital diaphragmatic hernia Fig. 6
The antenatal US detected and measured the diaphrag-
matic defect. Also, the herniated small bowel and stom-
ach to hemithorax, the liver diaphragm ratio, as well as 
fetal lung volume (except in two cases owing to unfavora-
ble fetal lie) were measured. Yet, the US was limited in 
the detection of large bowel loops and hernia capsules. 

A

DC

B

Fig. 4  A 33-year-old pregnant female with antenatal US showing a well-defined cystic structure in the fetal abdomen in the early 3rd trimester. 
Ultrasound findings: A, B Axial, sagittal, and axial sections of the fetal abdomen show well-defined hypoechoic cystic lesion at the right 
hypochondrium. MRI findings: US C axial T2WI, D coronal T2WI of fetal abdomen and pelvis revealed a well-defined cystic structure located in the 
right hypochondriacal and lumbar space with fluid signals within, compressing and displacing the stomach to the left side and abutting the visceral 
surface of the liver. MRI excluded its communication with the Gall bladder and surrounding bowel loops. Combined US and MRI Diagnosis: Large 
fetal mesenteric cyst. Termination by vaginal delivery at GA 39 weeks
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Fetal MRI was additive in this category and helped in the 
prediction of postnatal outcome (live birth or stillbirth) 
as well as the post-surgical survival rate of the fetus as 
follows;

a.	 Delineating the presence of hernia capsule owing 
to the good definition of hernia content on T2WIs. 
In four out of eight cases, their hernia capsule was 
delineated.

b.	 In the setting of herniation of the liver (n = 2) (owing 
to a rather hyperintense signals of liver tissue on 
T1WIs and hyperintense signals of the portal vein 
and hepatic arteries on T2WIs), MRI was additive in 
the diagnosis of the resultant complicated herniated 
liver. The hepatic congestion was reported by differ-
ential hyper-intensity of the herniated liver tissue on 
T2WIs denoting parenchymal edema.

c.	 MRI was also able to detect large bowel loop hernia-
tion in six cases owing to their intra-luminal high T1 
meconium signals (MR Colonography).

d.	 MRI was also able to accurately measure the fetal 
lung volume as well.

In our study, the prenatal US detected GIT anomalies 
in 86.1% of the studied babies, while MRI detected 96.9% 
of those cases who undergo fetal MRI. Table 2. Postnatal 
imaging or autopsy (Gold standard) of our studied GIT 

cases revealed their actual presence in 94.4% of the stud-
ied babies.

According to postnatal data, our prenatal ultrasound 
had a sensitivity of 85.3%, a specificity of 89%, a positive 
predictive value of 93.5%, and a negative predictive value 
of 96.7% for detecting congenital GIT anomalies. The 
diagnostic success rate was 80%. On the other hand, in 
our investigation, MRI had 100% sensitivity, 50% speci-
ficity, 100% positive predictive value, and 100% negative 
predictive value with regard to postnatal findings. There 
was 96.6% diagnostic accuracy. Table 3. Concerning post-
natal results, our combined US and MRI had a 100% sen-
sitivity, 89% specificity, 93.1% positive predictive value, 
and 96.7% negative predictive value for detecting congen-
ital GIT anomalies. There was 93.1% diagnostic accuracy. 
Table 3.

Discussion
During the abnormalities screening ultrasound exami-
nation, aberrant pictures or the absence of normal 
structures are used to diagnose fetal abdominal malfor-
mations. Therefore, it is extremely important to collect 
and record standard normal photographs of the abdomen 
(1.). For many years, ultrasound (US) has been the go-to 
imaging technique for prenatal diagnosis of fetal abnor-
malities. Prenatal ultrasonography and fetal magnetic 
resonance imaging (MRI) are regarded as complementary 

Fig. 5  A 22-year-old pregnant female with late 1st trimester and another early 2nd trimester US revealing large fetal sacral mass lesion. Ultrasound 
findings: A, B Axial and coronal sections of the fetal lower back showing a large mixed solid and cystic mass lesion arising from the fetal sacral 
region with small intra-spinal extension and extensive neovascularization on Doppler interrogation. C Axial image at the level of fetal liver revealing 
marked skin thickening and subcutaneous edema. MRI findings: D, E, F axial, and sagittal T2WIs revealing the mixed solid and cystic sacral mass 
lesion with its smaller pelvic extension (arrowed) at the level of the fetal urinary bladder and actual size of intra-spinal extension (arrowed). Note 
associated diffuse fetal subcutaneous edema. Combined US and MRI Diagnosis: A large mixed solid and cystic highly vascular fetal sacrococcygeal 
teratoma with a smaller intra-pelvic and intra-spinal extension (stage IV) and complicated fetal hydrops. IUFD at 30 weeks
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diagnostic modalities for complex fetal abdominal abnor-
malities [3].

In our study, we highlighted the additive role of 
the MRI to the routinely made prenatal US in GIT/
abdominal wall anomalies. AS fetal MRI was capa-
ble of accurate delineation of the level of small bowel 
obstruction and differentiation of complete obstruction 

from luminal stenosis. Also, T1 was surprisingly sug-
gesting the diagnosis of congenital chloride diarrhea 
in one case by the absence of meconium. In suspected 
esophageal atresia, T2 images added the presence of 
a distended oropharynx in one out of 2 cases. Fetal 
MRI added fine details about the true size and actual 
content of the abdominal wall defect as well as any 

C ED

F G H

A B

Fig. 6  A 39-year-old pregnant female with antenatal US showing large congenital diaphragmatic hernia. Ultrasound findings: A, B Axial and 
coronal sections of the fetal abdomen and chest showing left diaphragmatic hernia with herniation of the stomach and bowel into chest. MRI 
Findings: C, D, E sagittal T2WI, B coronal T2WI, and E axial T2WIs showing a large left-sided rather posterior diaphragmatic defect with herniation of 
the whole stomach, small bowel loops, and left hepatic lobe into whole left hemithorax with consequently marked compression of the left lung, 
shift and compression of heart to the left side with compressed right lung (arrowed). F sagittal TWI showing high meconium signal within herniated 
colon into the left hemithorax. Combined US and MRI Diagnosis: Large left-sided intra-pleural hernia with marked mass effect on both lungs and 
heart with concluded poor postnatal survival rates. Termination by C.S at GA 37 weeks
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related complication to the herniated organs. Also, 
MRI excluded the presence of septations within the 
fetal abdominopelvic free fluid in cases of abdominal 
cysts. And, the detection of an additional intra-pelvic, 
intra-spinal extension in the setting of SCT. In the set-
ting of congenital diaphragmatic hernia, fetal MRI was 
additive in this category and helped in the prediction of 
postnatal outcome (live birth or stillbirth) as well as the 
post-surgical survival rate of the fetus.

Congenital obstructive gastrointestinal anomalies 
were the most frequently encountered in our study, rep-
resenting 50% of our studied cases. This is agreed with 
both studies by Werner and Tonni [4] and Cassart et al. 
[7] who reported approximately similar incidences of 
48 and 46%, respectively, of obstructive gastrointestinal 
anomalies among other studied groups of fetal abdomi-
nal anomalies.

We were in line with Furey et al. [8] and Fukuta et al. 
[9] on the diagnosis of fetal small bowel obstruction by 
the presence of three major US findings, namely the pres-
ence of dilated stomach, a dilated segment of small bowel 

loops and polyhydramnios. Also in those cases, fetal MRI 
was supplementary to the US in confirmation and accu-
rate delineation of the level of small bowel obstruction. 
This coincides with the fetal MRI stated significance by 
He et  al. [10] in their cases of small bowel obstruction. 
Fetal MRI in our study also helped in the differentiation 
of complete obstruction from luminal stenosis. Fukuta, 
et al. [9] and Li et al. [11] highlighted this differentiation 
as a major additive value of fetal MRI to the prenatal US.

High T1WIs meconium signals was particularly use-
ful in our studied group of small bowel obstruction as 
it aided in the separation of jejunal atresia from ileal 
atresia and also in the exclusion of multiple stenotic 
bowel segments. He et  al. [10] and Liana and Lesnic 
[1] also used this characteristic sign in their study as an 
advantage to the US to exclude multiple stenotic bowel 
segments which had a great effect on postnatal and 
post-surgical survival rates of their studied infants.

Silva et  al. [12] stated that late 3rd trimester iso-
lated fetal bowel dilatation may be connected to a dif-
ferent postnatal outcome where some of their studied 
cases presented with late small bowel dilatation with 
no associated polyhydramnios and on their postnatal 
evaluation was free of any intestinal anomalies. This 
presumption agreed with the outcome of our suspected 
cases of ileal obstruction in the late 3rd trimester which 
was born normally and postnatal erect abdominal 
X-ray showed no sign of bowel dilatation or obstruction 
questioning the isolated value of bowel dilatation in the 
late 3rd trimester in accurate diagnosis of small bowel 
obstruction. This questioning partially disagreed with 
Furey et al. [8] who considered that fetal bowel dilata-
tion is an important sonographic and MRI sign of small 
bowel obstruction.

The characteristic double bubble sign of duodenal atre-
sia stated as US and MRI diagnostic sign by Furey et al. 
[8] and Li et  al. [11] was encountered in our US-diag-
nosed cases of complete duodenal atresia coinciding with 
its significance.

Anorectal malformations as a separate subgroup were 
diagnosed by prenatal US in our study depending on the 
presence of dilated rectal pouch with suspected stenosis/
obstruction of distal rectum together with dilated small 
bowel loops and polyhydramnios which agreed with US 
diagnostic criteria of anorectal malformations stated by 
Podberesky et  al. [13] and Rohrer et  al. [2]. T1WI was 
again particularly useful in this subgroup as they deline-
ated the abnormality in the rectal caliber and meconium 
signal and showed the relation between the rectal pouch 
and urinary bladder and this coincided with the signifi-
cance of MR colonography in cases of anorectal malfor-
mations stated by Podberesky et al. [13].

Table 2  Postnatal imaging or autopsy

N = 36

US

 Detected 31 (86.1%)

 Not detected 5 (13.9%)

MRI (n = 27)

 Detected 28(96.6%)

 Not detected 1 (3.4%)

Table 3  Accuracy of antenatal US and MRI in the detection of 
congenital GIT anomalies with reference to postnatal findings 
among our studied group

TP: true positive, FP: false positive, TN: true negative, FN: false negative

Postnatal findings

Anomaly detected No anomaly Total

Us findings

Anomaly detected 29 (TP) 2 (FP) 31

No anomaly 5 (FN) 0 (TN) 5

Total 34 2 36

MRI findings

Anomaly detected 27 (TP) 1 (FP) 28

No anomaly 0 (FN) 1 (TN) 1

Total 27 2 29

Combined US and MRI findings

Anomaly detected 27 (TP) 2 (FP) 29

No anomaly 0 (FN) 0 (TN) 0

Total 27 2 29
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The associated recto-vesical fistula was concluded in 
one of the cases due to the presence of echogenic par-
tially calcified well-defined structures within the dis-
tended rectal pouch on the US and low signals intensity 
structures in the fetal rectum on T2WIs which agreed 
with Masseli et al. [5] who claimed that in cases of recto-
vesical fistulae, urine from the fetal bladder fills the rectal 
pouch and mixes with the meconium, which precipitates 
into intra-luminal calcifications, also known as entero-
liths, and is used as an indirect sign of the condition. The 
PH of the fetal bowel mostly was the main cause of this 
condition.

Fetal MRI was able to accurately diagnose our case 
of congenital chloride diarrhea owing to the absence of 
intrinsic high T1 signals of meconium on T1WIs being 
replaced by low T1WIs signals (fluid signals). Dimitrov 
et al. [14] and Kawamura et al. [15] also stated that fluid 
in the colon replacing the expected meconium together 
with dilated small bowel loops strongly suggests the 
underlying congenital chloride diarrhea.

We and Garabeclian et al. [16] agreed on the diagnosis 
of esophageal atresia (EA) by a combination of the persis-
tent small-sized/absent stomach and early 2nd trimester 
polyhydramnios. Yet, both US and MRI failed to detect 
pouch signs in the fetal neck in our study. This partially 
agreed with. Werner and Tonni [17] considered that a 
combination of a small/absent fetal stomach together 
with a pouch sign increases the likelihood of an accurate 
diagnosis of EA.

T2WIs of the fetal head and neck also added the pres-
ence of dilated oropharynx as an additional finding in 
EA cases which agreed with Werner and Tonni [17] who 
stated that dilated hypopharynx aids as a secondary sign 
in the diagnosis of EA cases.

In the category of Ventral abdominal wall defects, fetal 
MRI added fine details to the size, content of the defect, 
and presence of complications which aided in the post-
natal management of these cases. Victoria et  al. [18] 
and Masseli et al. [5] the prognostic assessment of Gas-
troschisis with intestinal atresia or of complications of 
Omphalocele looked to be commonly employed by MRI, 
enabling better prenatal care and parental counseling.

Differentiation of Omphalocele from Gastroschisis in 
our study depended on two major findings, namely the 
presence of an overlying membrane and its relation to 
cord insertion. Adams et al. [19] and Nakagawa et al. [20] 
also used these two major findings in their differential 
diagnosis of the type of ventral abdominal wall defect.

In the case of Gastroschisis, fetal MRI elaborated the 
presence of thick-walled herniated bowel loops with 
characteristic “peel sign” described by Mărginean et  al. 
[21] to be a result of venous congestion brought on 
by restriction of the mesentery and an inflammatory 

reaction brought on by exposure to intestinal waste prod-
ucts in amniotic fluid. T1-weighted fetal MRI was also 
able to detect the presence of herniated large bowel loops 
owing to high meconium signal within which agreed with 
Victoria et al. [18]. He claimed that because meconium in 
the intestine is hyperintense on T1WI, it can be used to 
tell the gut apart from the umbilical cord.

In our study, the US-diagnosed cases of ruptured 
Omphalocele owing to the presence of herniated liver 
with an overlying thin discontinuous membrane which 
coincided with Adams et  al. [19]. He noted that while 
extruded liver may be visible in a ruptured Ompha-
locele, extracorporeal liver is rarely seen in cases of 
Gastroschisis.

The presence of a short umbilical cord with fetal organs 
attached to the placenta as well as severe limb and spine 
anomalies were stated by Winkle, et al. [22] and Leyder 
et al. [23] as cornerstones for the diagnosis of limb body 
wall defect. Such major findings were all detected in our 
studied four cases of body stalk anomaly coinciding with 
their significance.

As regards fetal abdominal cysts and masses, fetal MRI 
was superior to the US owing to its greater soft tissue 
characterization enabling accurate delineation of lesions 
and their relation to surrounding structures. That was 
in line with the conclusions of Nemec et  al. [24], who 
claimed that prenatal magnetic resonance imaging (MR) 
has been shown to be useful in the identification, char-
acterization, and precise examination of the extent of 
different abdominal cysts and complements the role of 
sonography.

Fetal MRI was very useful in the accurate detection of 
the true size of the intra-spinal component and in the 
detection of intra-pelvic extent of the sacrococcygeal 
teratoma which affirmed the findings of Hedrick et  al. 
[25], who said that fetal MRI was superior to sonography 
in determining the intra-pelvic and intra-spinal extent 
of malignancy, allowing for better perinatal care. Owing 
to large tumor size and the presence of extensive neo-
vascularization, our studied case ended with IUFD in 
2nd trimester which coincided with Victoria et  al. [18] 
stated that fetuses with tumors that are primarily cystic 
and avascular in appearance have a better prognosis than 
fetuses with tumors that are generally solid and highly 
vascularized.

Compared to the US, fetal MRI was more effective at 
diagnosing congenital diaphragmatic hernia (CDH) in 
our study by its ability in differentiating points between 
capsulated hernias and free hernias, detect the resultant 
complicated hepatic congestion, and accurately meas-
ure the fetal lung volume to detect CDH associated 
with fetal lung hypoplasia. Those advantageous findings 
of MRI were reported by studies by Victoria et  al. [18], 
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Meholin-Ray et al. [26], Spaggiari et al. [27], and Daltro 
et al. [28], respectively.

The sensitivity of ultrasound to detect congeni-
tal anomalies with reference to postnatal findings was 
85.3% and the specificity was 89% which was lower than 
the sensitivity of 96.3% and specificity of 95% stated by 
Rohrer et al. [2]. The US had a positive predictive value 
of 93.5% and a negative predictive value of 96.7%, both 
of which are higher than the country’s declared positive 
predictive value of 69.7% and negative predictive value 
of 96%. Meholin-Ray et  al. [26] in their studied group. 
The diagnostic accuracy of the US was 80.6% which was 
lower than the accuracy stated by Chalouhi et al. [29] to 
be 94.3%.

The sensitivity of MRI to detect congenital anomalies 
with reference to postnatal findings was 100%, and the 
specificity was 50% which was much higher than its sen-
sitivity of 78% and nearly equal specificity of 48.6% stated 
by Daltro et al. [28]. The positive and negative predictive 
values of MRI were 100% and 100%, respectively, which 
is much higher than their respective values of 74.3% and 
65.4%, as reported by Victoria et al. [18].

In relation to postnatal results, the combined US and 
MRI had a 100% sensitivity, 89% specificity, 93.1% posi-
tive predictive value, and a 96.7% negative predictive 
value for detecting congenital abnormalities. Diagnostic 
precision was 93.1%, which was consistent with Chalouhi 
et  al. [29], Liana and Lesnic [1], and Hedrick et  al. [25]  
that combined the US and MRI was more valuable in the 
detection of fine details of complex abdominal anomalies 
which aided in their postnatal management compared to 
the US alone.

The limitations of this study are the relatively small 
number of patients.

Conclusions
Fetal MRI is a valuable supplementary study to the pre-
natal US in accurate diagnosis of fetal obstructive gastro-
intestinal anomalies, ventral abdominal wall anomalies, 
fetal abdominal cysts, masses, and congenital diaphrag-
matic hernia. Fetal MRI is equally sensitive to prenatal 
US in anorectal malformations.
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