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two cases (5.2  %). It was not able to characterize a case 
of gastric duplication and a case of abdominal cystic lym-
phangioma (5.2 %).
Conclusions   Fetal MRI can be used as a complemen-
tary imaging modality to US in prenatal evaluation of 
gastrointestinal anomalies and can be considered a valu-
able tool not only for confirming or excluding but also for 
providing additional information to fetal ultrasonographic 
findings.
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Introduction

The number of studies performed on the use of fetal 
magnetic resonance imaging (MRI) in the evaluation 
of gastrointestinal (GI) anomalies is still limited [1–3]. 
Ultrasound (US) is the modality of choice in the prena-
tal screening of these pathologies for its wide availability 
and its relative low cost [4]. However, its utility could be 
limited in some cases, such as oligohydramnios, maternal 
obesity or unfavorable fetal position [5]. In addition, its 
sensitivity in the detection of GI anomalies depends on 
the features of the pathology, and it is not always possi-
ble to reach an exact prenatal diagnosis, such as in cases 
of abdominal masses, which are often difficult to charac-
terize during US examination [6–9].

Fetal MRI is, therefore, necessary either when a US 
examination is inconclusive or when additional information 
is necessary for prognostic or therapeutic findings [7, 10]. 
Although MRI is not recommended in the first trimester of 
pregnancy, there is no evidence of adverse effects of this 
technique on fetal development [11].

Abstract 
Purpose  This study was done to evaluate the role of fetal 
magnetic resonance imaging (MRI) in the study of gastro-
intestinal malformations in comparison to prenatal ultra-
sound (US).
Materials and methods  A prospective (2010–2012) 
study of 38 fetal MRI scans was performed on 38 fetuses 
between 24 and 38 weeks of gestation. All the fetuses had 
a US diagnosis of gastrointestinal anomalies. T2-weighted 
HASTE, T1-weighted fast gradient echo, TrueFISP and 
diffusion-weighted images of the fetal abdomen were 
obtained on a 1.5-Tesla magnet. All fetal MRI diagnoses 
were compared with postnatal US findings, autopsy or sur-
gical reports.
Results  Fetal MRI was able to confirm the sonographic 
findings in nine of 38 fetuses (23.7  %), to provide addi-
tional information in 23 of 38 fetuses (60.6 %), to exclude 
the US diagnosis in five cases (5.2 %) and to change it in 
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The introduction of ultrafast sequences provided an 
excellent evaluation of fetal anatomy with marked reduc-
tion of motion artifacts [12]. Due to its multiparametric-
ity, MRI allows an optimal tissue characterization, which 
is useful for determining the content of abdominal masses 
and distinguishing between meconium and urine [13].

In our study, we evaluated the role of MRI in confirm-
ing, providing additional information about US findings, 
and changing or excluding the US diagnosis of fetal GI 
anomalies.

Materials and methods

Patients and study

From December 2010 to March 2012, we performed 224 
fetal MRI examinations at our university hospital. Of these, 
we prospectively enrolled in the study 38 cases with suspi-
cious findings of GI abnormalities on previous obstetric US.

In particular, obstetric US identified or suspected: 
congenital diaphragmatic hernia (n  =  8); bowel dilation 
(n  =  15); intra-abdominal cysts of suspected GI origin 
(n = 6); esophageal atresia (n = 5); fetal echogenic bowel 
(FEB) without any abdominal anomalies (n = 3); and iso-
lated ascites (n = 1). All the obstetric ultrasound examina-
tions were performed by an obstetric specialist with more 
than 9-year experience in high-risk obstetric US on a high-
resolution scanner, GE Voluson 730 Expert (General Elec-
tric, Waukesha, Wisconsin). The mean maternal age was 
30 years (range 23–42 years) and the mean gestational age 
was 27 weeks (range, 24-38 weeks).

This single-institution study project was approved by the 
ethics committee of our hospital and written informed con-
sent was obtained from all mothers.

Our inclusion criteria were: visualized or suspected fetal 
GI pathologies at a recent prenatal US (from 0 to 7  days 
before MRI), the agreement of the mothers to give infor-
mation about the course of the pregnancy, the delivery 
and the newborn, as well as a gestational age at the time 
of the MRI examination of more than 19 weeks; the gesta-
tional age >19 weeks was adopted as an inclusion criterion 
because obtaining sufficient spatial and contrast resolution 
to provide diagnostic or additional information with respect 
to US examinations is not considered possible before 
19  weeks and all major developmental steps have taken 
place only by this age of gestation [5].

Exclusion criteria were fetal abdominal abnormalities 
of suspected genitourinary (GU) origin (e.g., cystic kidney 
disease, hydrometrocolpos, ovarian cyst), abdominal solid 
masses of non-GI origin (e.g., sacrococcygeal teratoma, 
neuroblastoma) on US as well as general contraindications 
to MRI of the mother, claustrophobia and gestational age 

<19  weeks. We did not include in our study fetuses with 
defects of the abdominal wall (e.g., omphalocele, gas-
troschisis) because to date there is no evidence of greater 
accuracy than US, and the indication for fetal MRI may 
be for surgical planning and defining the manner of birth 
rather than for diagnostic purposes per se [5].

Amniocentesis was performed on 15/38 patients, result-
ing in a normal karyotype in all the 15 cases (nine fetuses 
46, XY; six fetuses 46, XX).

Of the 38 fetuses included in the study, 33 (87 %) were 
brought to term, with 27/33 fetuses being born with natu-
ral birth and 6/33 with Cesarean section; 5/38 pregnancies 
(13 %) were voluntarily terminated due to the presence of 
cloacal malformation in one case and diaphragmatic her-
nia with severe cardiomediastinic shift and lung damage 
in four cases. Three cases of diaphragmatic hernia and two 
cases of esophageal atresia died after birth due to the pres-
ence of respiratory complications.

Of the 38 fetuses in the study, 22 (58 %) were males and 
16 (42 %) were females.

Follow-up was available for all fetuses. Fetal MRI find-
ings were compared to after-birth US in six cases, to autop-
tic data in 10 cases and to surgical findings in 22 cases 
(Table 1).

MRI Technique

All fetal MRI examinations were performed on a 1.5-T 
superconducting magnet (Siemens Avanto, Erlangen, Ger-
many) using one or two phased-array surface coils, depend-
ing on the maternal abdomen size. The women were placed 
in the supine or lateral decubitus position and no contrast 
agent or maternal sedation was used.

Table 1   Data used as gold standard to confirm fetal MRI findings

n number of cases

US ultrasound, MRI magnetic resonance imaging, PUV posterior ure-
thral valve

MRI diagnosis n Postnatal US Autoptic  
findings

Surgical  
findings

Diaphragmatic hernia 8 – 7 1

Choledochal cysts 4 – – 4

Fluid collection 1 – – 1

Bowel atresia 11 – – 11

Cloacal malformation 1 – 1 –

Meconium pseudocyst 1 – – 1

Esophageal atresia 5 – 2 3

PUV 1 – – 1

Isolated ascites 1 1 – –

Normal 5 5 – –

Total 38 6 10 22



395Radiol med (2015) 120:393–403	

1 3

A common scan protocol included:

–– T2-weighted half-Fourier acquisition single-shot 
turbo spin echo (HASTE) sequences (TR 1000  ms, 
TE 119  ms, acquisition thickness 3  mm, FOV 
260 × 350 mm, matrix 256 × 144; TA 14-19 s) in three 
orthogonal planes of the fetal thorax and abdomen 
(axial, coronal and sagittal). T2-weighted cholangio-
graphic coronal MR images were also acquired to better 
evaluate the biliary tract.

–– True–fast imaging with steady-state precession (True-
FISP) sequences (TR/TE  =  3/1, flip angle 60°, FOV 
300 × 300 mm, matrix 256 × 144, acquisition thickness 
4 mm) in three orthogonal planes of the fetal thorax and 
abdomen (axial, coronal and sagittal).

–– FLASH (fast low angle shot) T1-weighted gradient echo 
(GRE) breath-hold sequences with and without fat satu-
ration (FS) (TR 362 ms; TE 4.8 ms; acquisition thick-
ness 4 mm; flip angle 70°; FOV 350 × 300 mm; matrix 
256 × 192; mean TA 30 s) in three orthogonal planes of 
the fetal thorax and abdomen (axial, coronal and sagit-
tal).

–– Diffusion-weighted echo-planar imaging (DWI-
EPI) sequences in the axial plane (TR 8,000  ms; TE 
90  ms; TI 185  ms; acquisition thickness: 5  mm; FOV 
420 × 300 mm; matrix 192 × 192; TA 45 s; b-factor 0, 
200 and 700 s/mm2).

The total examination time was less than 30 min.

Analysis of the MR images

MR images were reviewed by a radiologist with 10-year 
experience in fetal MR imaging who was blinded to the US 
findings. In the images, the following parameters and ana-
tomical structures were assessed:

1.	 Presence and location of the stomach;
2.	 Appearance and caliber of small bowel loops (nor-

mal value <3  mm), colon and rectum (normal value 
<5 mm);

3.	 Presence or absence of meconium;
4.	 Liver, bile ducts and gallbladder;
5.	 Presence of ascites;
6.	 Location, extension, morphology and structure (cystic, 

complex cystic-solid or solid mass) of abdominal 
space-occupying lesions;

7.	 Diaphragm.

Results

Fetal MRI confirmed the US findings of GI anomalies in 
nine of the 38 fetuses (23.7 %), provided additional infor-
mation in 23 (60.5 %), excluded the US diagnosis in five 
(5.2 %), changed it in two (5.2 %) and failed in two cases 
(5.2 %) (Table 2).

Fetal MRI correctly diagnosed: bowel atresia in 11 
cases, cloacal malformation in one case, meconium pseu-
docyst in one case, posterior urethral valve (PUV) in one 
case, esophageal atresia in five cases, isolated ascites in one 
case, intra-abdominal cysts in three cases and diaphrag-
matic hernia in eight cases.

In 12 of the 15 fetuses with a US diagnosis of bowel 
dilation, MRI provided more information than US because 
it identified the level of obstruction by evaluating the 
caliber of the bowel loops and the meconium and/or amni-
otic fluid content. In particular, we diagnosed: one case of 
duodenal atresia, one case of both jejunal and distal ileal 
atresia (Fig. 1), three cases of jejunal atresia (Fig. 2), three 
cases of ileal atresia, three cases of colonic atresia and one 
case of cloacal malformation. In the three cases of colonic 
atresia and in the only case of multiple atresia MRI also 

Table 2   Comparison of US and MRI findings

n number of cases

US ultrasound, MRI magnetic resonance imaging, GI gastrointestinal, FEB fetal echogenic bowel

US findings n MRI confirmed US  
findings

MRI provided  
additional findings

MRI excluded US  
findings

MRI changed US  
findings

MRI failed

Diaphragmatic hernia 8 – 8 – – –

Abdominal cysts 6 – 3 1 – 2

Bowel dilation 15 – 12 1 2 –

Esophageal atresia 5 5 – – – –

Absence of GI anomalies 
(only FEB)

3 3 – – – –

Isolated ascites 1 1 – – – –

Total 38 9 (23.7 %) 23 (60.5 %) 2 (5.2 %) 2 (5.2 %) 2 (5.2 %)
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revealed the presence of microcolon, whereas all the other 
cases of bowel atresia presented normal post-atresic bowel 
loops and rectum.

In two cases, MRI changed the US diagnosis of bowel 
dilatation, revealing a meconium pseudocyst in one case 
(Fig. 3) and PUV with the presence of the typical “keyhole 
sign” associated with marked ureteral dilation in the other 
fetus (Fig. 4); bowel loops were normal in both cases.

In one case MRI excluded any GI malformation, which 
was also excluded by postnatal US. A gastric dilation 
was detected in three of the 15 fetuses with US diagnosis 
of bowel dilation (Fig.  2), whereas a small stomach was 
observed in the five cases with a US suspicion of esopha-
geal atresia, which MRI confirmed without providing any 
additional information.

In all the eight fetuses with a US diagnosis of diaphrag-
matic hernia, MRI provided more information than US 
because of a more accurate evaluation of the diaphragm 
and a more precise detection of the abdominal structures 
herniated inside the thorax (Fig. 5). In particular, we stud-
ied the presence of stomach, colon, small bowel loops, liver 

(liver up vs. liver down) and kidney (kidney up vs. kidney 
down) in the thorax and the presence of lung damage and/
or cardiomediastinic shift (Fig.  5), which was detected in 
4/8 cases. In all cases, there was small bowel and stomach 
herniation, in 5/8 cases also liver up and colon herniation 
and in 2/8 cases also kidney up, liver up and colon hernia-
tion (Fig. 5).

We also evaluated the presence of abdominal space-
occupying lesions, making a correct diagnosis in 3/6 
abdominal cystic masses diagnosed on US. In one fetus 
with US findings of an abdominal cyst in the right upper 
quadrant of the abdomen, the cyst was detected neither on 
fetal MRI examination nor on postnatal US. It correctly 
identified the organ of origin in three fetuses with chole-
dochal cyst, postnatally confirmed by surgical data (Fig. 6). 
In these three cases, MRI provided more information than 
US because it determined the fluid content of the mass 
and its connection to the biliary tract. It was not possible 
to characterize the cystic lesion in 2/6 fetuses: in one case, 
the MR findings led us to suspect a choledochal cyst, but 
after birth a careful surgical evaluation made a diagnosis 

Fig. 1   A 34-week fetus with dilated bowel loops due to the presence 
of both jejunal and distal ileal atresia. a Axial sonogram of the fetal 
abdomen performed 7 days before MR examination shows anechoic 
tubular structures (white arrows). b, c A TrueFISP axial MR image 
shows hypointense dilated bowel loops (b, white arrows), which are 
hyperintense on a fat-saturated T1-weighted axial MR image due to 

the meconium content (c, black arrows). d, e A TrueFISP coronal 
MR image (d) and a T2-weighted HASTE sagittal image (e) show 
the subhepatic (d, open arrow) and anterior (e, white arrow) location 
of the dilated bowel loops in the fetal abdomen. f Colon of reduced 
caliber, distal to the obstruction, on a fat-saturated T1-weighted axial 
MR image (black arrow)
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of gastric duplication; in the other, MR only confirmed the 
sonographic finding of a cystic mass, but the absence of 
septa led us to suspect a fluid collection. The final diagno-
sis of abdominal cystic lymphangioma was made on post-
natal surgical evaluation.

MRI confirmed the US finding of isolated ascites, 
excluding the presence of any GI or genitourinary (GU) 
tract anomalies. Postnatal US examination showed disap-
pearance of the ascites one month after birth.

In the three cases of FEB without any abdominal 
anomalies, fetal MRI and postnatal US examinations 
confirmed the absence of bowel dilation or other fetal GI 
abnormalities.

Discussion

Several authors have compared the efficacy of US and 
MRI in the diagnosis of fetal anomalies, revealing that 
MRI provides additional information in comparison to US 
in 36–57 % of cases [14–17]. Most of them evaluated the 
accuracy of MRI in the diagnosis of central nervous system 
diseases, which are the most common indications for fetal 
MRI [18–20], but little has been written on the use of fetal 
MRI in confirming or excluding US diagnosis of fetal GI 
abnormalities [1, 2, 10, 21].

Thanks to a wide field of view, its intrinsic multipara-
metricity and multiplanarity MRI provides a detailed 

Fig. 2   A 34-week fetus with dilated stomach, duodenum and jeju-
nal loops due to the presence of jejunal atresia. a Axial sonogram of 
the fetal abdomen performed 4 days before MR examination shows 
dilated stomach (open arrow) and duodenum (white arrow). b–f 
Axial (b), sagittal (d), coronal (f) TrueFISP MR images and a coro-
nal T2-weighted MR image (e) show hyperintense dilated stomach 
(open arrow) and duodenum (white arrow), which are hypointense on 

a T1-weighted MR axial image (c), due to the presence of amniotic 
fluid. Dilated small bowel loops (asterisks), hyperintense on True-
FISP (b, f) and T2-weighted (e) images and slightly hyperintense on 
the T1-weighted image (c) due to the poor content of meconium, pre-
sent thin wall because of the increased intraluminal tension (f, black 
arrow)
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evaluation of the whole fetal GI tract and could be help-
ful in identifying the various intestinal segments [1, 2, 10]. 
In cases of bowel obstruction, sonography usually detects 
only the dilated loops proximal to the atresia [22] without 
providing any significant information about the presence 
of meconium and/or amniotic fluid. In our study, in 12 of 
the 15 fetuses with a US diagnosis of bowel dilation, MRI 
detected the level of obstruction, determining the content 
and the caliber of both the pre- and post-atresic bowel 
loops and rectum. As previously reported, the signal of 
the bowel content depends on the site of the atresia. In a 
proximal atresia, only fluid will accumulate, with a high T2 
and a low T1 signal, whereas in a distal atresia MRI shows 
high pre-atresic bowel loops signal on T1- and low signal 
on T2-weighted images, due to the presence of more or less 
hydrated meconium [1]. In our study, MRI showed high T2 
and low T1 signal intensity proximally to the obstruction, 
due to presence of amniotic fluid, in fetuses with jejunal 
and duodenal atresia and intermediate T1 and T2 signal, for 
the simultaneous presence of meconium and amniotic fluid, 
in fetuses with ileal atresia. In the case of multiple atresia 
and in the three fetuses with colonic atresia, the pre-atresic 
bowel loops had meconium-like signal, high on T1- and 

from low to intermediate on T2-weighted images; in these 
fetuses MRI also detected a microcolon, showing a reduced 
caliber of the bowel distal to the obstruction and rectum 
along with a poor meconium content with low to intermedi-
ate T1 signal intensity. This last finding is often undetected 
on US although its diagnosis is important for optimal surgi-
cal planning [1].

In fetuses with cloacal malformation, the urinary tract, 
the vagina and the rectum converge above the perineum, 
create a common channel with a single external opening. 
This condition is often associated with intestinal dilation, a 
high distal bowel position and anomalies of the genitouri-
nary (GU) system [23]. US often leads to a misdiagnosis of 
this anomaly as other abnormal abdominal structures [1]. 
In our case, MRI provided additional information revealing 
a dilated rectum and colon with abnormal increased T2 and 
decreased T1 signals, indicating communication between 
the urinary tract and rectum, which was separated from the 
bladder wall by a third structure with intermediate T1 and 
T2 signal.

MRI also distinguished between bowel and ureteral dila-
tion in the case of PUV described, because urine has high 
signal intensity on T2-weighted and low on T1-weighted 

Fig. 3   A 36-week fetus with 
meconium pseudocyst. a Axial 
sonogram of the fetal abdomen 
performed 6 days before MR 
examination shows hypoechoic 
tubular structures. b–d A cystic 
formation of about 2.5 cm is 
located in the left iliac fossa 
(white arrow) and presents 
inhomogeneous hyperinten-
sity on T2-weighted axial (b) 
and coronal (c) MR images, 
and high hyperintensity on 
a T1-weighted axial FS MR 
image (d). The small bowel 
loops are not dilated (b, circle). 
The MRI findings are highly 
suggestive of a meconium 
pseudocyst
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sequences [13, 24] and showed the typical “keyhole” sign, 
which refers to the appearance of the dilated posterior ure-
thra associated with thick-walled distended bladder [25].

Meconium peritonitis is caused by a bowel perforation 
linked to various conditions, such as the presence of intes-
tinal atresia, meconium ileus [26] or intussusception [27]. 
Calcifications or pseudocyst may be seen on US due to 
meconium peritonitis and localized ascites. Tissue charac-
terization is usually inferior with MRI because of low sen-
sitivity of MR for detection of calcification [7]. However, 
in our study US did not detect any cystic formation, which 
MRI was able to identify in one case. MRI also showed 
the meconium content of the cyst due to the high T1 sig-
nal, allowing differentiation of other intra-abdominal cysts, 
such as mesenteric or duplication cysts.

In a case of US diagnosis of bowel dilation, fetal MRI 
did not show any abnormality. This could be explained by 

fetal intestinal peristalsis with sonographic image of tran-
sient bowel dilation, as previously reported by Bronshtein 
[28]. Also in the three cases of isolated FEB, no fetal GI 
anomalies were detected by MRI. FEB is a US finding 
which can be observed in cases of cystic fibrosis, prena-
tal infections or other fetal pathologies, where it is often 
associated with other US findings, such as ascites or bowel 
dilatation [29]. According to Carcopino, we demonstrated 
that fetal MRI does not add significant data to US in cases 
of isolated FEB. However, because FEB is associated 
with 33.3 % of poor perinatal outcome and 5.5 % of peri-
natal mortality [29], it is important to exclude other fetal 
associated anomalies in case it tends to persist during the 
pregnancy.

Some studies have demonstrated the usefulness of fetal 
MRI in determining the origin [1, 2, 14, 30] and in provid-
ing an accurate characterization of abdominal fetal cystic 

Fig. 4   A 37-week fetus affected by posterior urethral valve (PUV) 
associated with bilateral ureteral dilation. a Axial sonogram of the 
fetal abdomen performed 7  days before MR examination shows 
dilated tubular anechoic structures. b–e The dilated ureters (white 
arrows) are hyperintense on a T2-weighted HASTE axial (b) and a 
TrueFISP coronal (d) image and hypointense on T1-weighted axial 

(c) and coronal (e) MR images, because of the presence of urine; the 
rectosigmoid colon (open arrow) is located in the middle of the fetal 
abdomen and presents low signal intensity on T2-weighted (b) and 
TrueFISP (d) images and high signal intensity on T1 (c, e), due to its 
meconium content. f The typical “keyhole sign” (open arrow) on a 
T2-weighted HASTE sagittal image suggests the diagnosis of PUV
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masses [7, 14, 21]. However, in our study, MRI was not 
able to characterize 2/5 cases of abdominal cystic masses. 
In the first, the intraperitoneal location and the fluid con-
tent of the lesion were not sufficient to make the diagnosis 
of cystic lymphangioma. Some authors reported the MRI 
diagnosis of this abnormality [14, 31], but in our case the 
absence of septa, which are usually present in this kind 
of anomaly, led us to wrongly diagnose a fluid collec-
tion. In the second, the proximity of the cystic formation 
to the biliary tract directed us to the incorrect diagnosis of 
choledochal cyst, but the postnatal examination revealed 
a gastric duplication. In the other three cases, the evident 
connection of the cystic lesion to the biliary tract, not visu-
alized at US, and the fluid content of the lesion, led us to 
correctly diagnose the presence of a choledochal cyst, 

confirming the role of MRI in recognizing this fetal malfor-
mation, as previously reported by Chen [32]. In one fetus, 
the US detection of an abdominal cyst located in the right 
upper abdomen was not confirmed by MRI and was likely 
to be of hepatic origin. The intrauterine disappearance of a 
hepatic cyst can be expected especially when the cysts are 
peripheral [33].

In the eight cases of diaphragmatic hernia MRI detected 
the site of the defect, the extent, the content of the her-
niation, and the mass effect of the herniated organs on 
the thoracic structures, with the presence of cardiomedi-
astinic shift and lung damage [34, 35]. On T2-weighted 
sequences, structures with fluid content, such as the stom-
ach or the proximal small bowel, showed high signal inten-
sity. T1-weighted sequences allowed us to distinguish the 

Fig. 5   A 28-week fetus with diaphragmatic hernia on the left side of 
the diaphragm. a An axial sonogram of the fetal abdomen performed 
2  days before MR examination shows an increased echogenicity of 
the left side of the thorax suggesting the presence of a diaphragmatic 
hernia (black arrow). b–d Axial (b) and coronal (c) T2-weighted MR 
images show the presence of small and large bowel loops in the left 
emithorax (b, c, circle) associated with shift of the heart to the right 

side of the thorax (white arrow). A T1-weighted sagittal MR image 
shows the presence of hyperintense large bowel into the thorax (d, 
black arrow). e–f Coronal (e) and sagittal (f) HASTE T2-weighted 
MR images show the presence of the upper pole of the left kidney 
(open arrow) and of the right lobe of the liver (white arrow) in the tho-
rax along with compressed parenchyma of the right lung (e, asterisk)
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liver, relatively hyperintense compared to the heart, from 
the colon, typically hyperintense because of the presence 
of meconium. Furthermore, MRI was superior to US in 
the assessment of the position of the liver and the kidney 
in relation to the diaphragm, which is considered an inde-
pendent predictive factor and defined as liver up versus 
liver down and kidney up versus kidney down [36].

Another frequent abdominal finding is the presence of 
ascites, usually caused by an obstructive uropathy or a GI 
disorder. Some authors believe that if no factor is etiologi-
cally correlated with the presence of ascites, this could be 
related to the presence of a chylous peritoneal fluid, caused 
by the obstruction of lymphatic vessels or the presence of 
a lymphatic dysplasia [37]. In our case of isolated ascites, 
fetal MRI showed a hyperintense abdominal fluid collec-
tion on T2-weighted sequences with no associated GI or 

GU abnormalities. This finding disappeared without any 
intervention and no abnormality was present at birth [38].

Finally, our study revealed that MRI can confirm the US 
suspicion of esophageal atresia showing the presence of a 
small stomach and polyhydramnios, although Matsuoka 
demonstrated that MRI can also provide several additional 
findings to US diagnosis of this fetal abnormality [39].

There were some limitations in the present study. One 
main limit was that only fetuses with a sonographic suspi-
cion of GI anomalies underwent MR examination and these 
cases probably benefit more from the advanced imaging. 
Furthermore, the greater number of patients in some anom-
aly groups—bowel dilation and diaphragmatic hernia—
where MRI is particularly able to refine the US diagnosis, 
could have determined the ability of MRI to provide addi-
tional information in our study.

Fig. 6   A 32-week fetus with a choledochal cyst. a Axial sonogram of 
the fetal abdomen performed 2 days before MR examination shows 
an anechoic cystic mass (white arrow) adjacent to the liver with sig-
nificant posterior acoustic enhancement. b–c A subhepatic cystic 
formation of 3  cm is hyperintense on a T2-weighted HASTE axial 
MR image (b, open arrow) and hypointense on a T1-weighted FS 
image (c, white arrow) due to its fluid content. d–e A T2-weighted 

cholangiographic coronal image and a T2-weighted HASTE coronal 
image show the cyst (open arrow) and the stomach (white arrow). f A 
T2-weighted HASTE sagittal image confirms the subhepatic location 
of the cyst (white arrow) and the connection to the biliary tract (black 
arrow). The bladder is located below the abovementioned cystic for-
mation (open arrow)
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 In conclusion, our study demonstrated that Fetal MR imag-
ing can be used as a complementary method in prenatal imag-
ing to improve diagnosis in cases of complex GI abnormalities 
or if US could not easily visualize the GI tract, providing addi-
tional information to prenatal US in 60.5 % of cases.

In particular, we confirmed its role in adding informa-
tion about the level of obstruction in cases of bowel atre-
sia, by determining the caliber and content of bowel loops, 
and in providing a more detailed evaluation of the herniated 
organs in cases of diaphragmatic hernia and the exact char-
acterization of some abdominal cystic masses.
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