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Abstract The technical quality of prenatal US and fetal
MRI has significantly improved during the last decade and
allows an accurate diagnosis of bowel pathology prenatally.
Accurate diagnosis of bowel pathology in utero is important
for parental counseling and postnatal management. It is
essential to recognize the US presentation of bowel
pathology in the fetus in order to refer the patient for
further evaluation or follow-up. Fetal MRI has been shown
to offer some advantages over US for specific bowel
abnormalities. In this paper, we review the normal
appearance of the fetal bowel on US and MRI as well as
the typical presentations of bowel pathologies. We discuss
more specifically the importance of recognizing on fetal
MRI the abnormalities of size and T1-weighted signal of
the meconium-filled distal bowel.
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Introduction

With the technical advances in US imaging and in fetal
MRI, prenatal diagnosis has gained accuracy and improved
the quality of prenatal and postnatal management of a large
number of fetal pathologies. An accurate prenatal diagnosis
of bowel pathologies is important for parental counseling
and postnatal management. US remains the first-line

examination for fetal bowel abnormalities and in the hands
of an experienced sonographer or radiologist it gives
excellent information on the bowel wall, bowel content
and abnormalities such as the degree of dilatation or
abnormal peristalsis. However, it has some limitations and
fetal MRI has been shown to be superior to US for the
imaging of some abnormalities. MRI offers a larger field of
view and a better differentiation between small bowel and
colon, allows multiplane post-processing of images and is
less operator-dependant [1, 2]. This paper summarizes the
main advantages and disadvantages of both modalities for
the imaging of fetal bowel pathology.

Normal and abnormal fetal bowel on US

Although the fetal bowel demonstrates a relatively isoecho-
genic appearance to other abdominal structures and the
lumen is difficult to visualize in the first and second
trimesters of pregnancy, the bowel wall and some fluid-
filled bowel loops can be more clearly identified in the third
trimester [3]. Normal peristalsis can also be noticed. In the
third trimester, the fetal colon is filled with a larger amount
of meconium, which is usually slightly less echogenic than
the liver. Haustrations of the wall of the colon can be
noticed.

Proximal accumulation of meconium in the small bowel
can be seen in distal bowel atresia or meconium ileus and
can be mistaken for normal meconium-filled colon on US.
Therefore, fetal MRI should be considered in cases of
suspicion of distal ileal obstruction [4–6].

Echogenic bowel has been largely described as a marker
for chromosomal and congenital anomalies [7, 8]. Echo-
genic bowel is usually defined as being as echogenic as the
surrounding bone and is seen approximately in 1.8% of
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fetuses [8] (Fig. 1). Usually, the hyperechogenicity resolves
after 20 weeks of gestation but can persist beyond that [7].
Most common anomalies associated with echogenic bowel
are chromosomal abnormalities, infection, cystic fibrosis,
IUGR, premature delivery, bowel abnormalities and multi-
ple malformations. The pathophysiological explanation for
the increased echogenicity in the bowel remains for the
most part speculative [10]. The diagnosis of echogenic
bowel justifies a series of additional testing [8]. The
etiologies of echogenic bowel are multiple. It is important
to differentiate the echogenic appearance of the bowel as
the result of increased echogenicity of the bowel content as
it is seen in cystic fibrosis, chromosomal abnormalities or
swallowed blood and in the case of increased echogenicity
of the bowel wall [9]. Echogenic bowel wall has also been
associated with bowel dilatation, and it has been speculated
that it is the result of an ischemic event in utero. Fetuses
with only dilated and echogenic bowel wall but no other
associated abnormalities have been described as having a
good outcome [9].

Persistent echogenic bowel, when chromosomal abnor-
malities and viral infections have been ruled out, might
justify an MRI evaluation of the fetal bowel to rule out
bowel anomalies or other congenital malformations. Larger
studies are necessary to confirm the degree of additional
information brought by MRI in the setting of echogenic
bowel.

Assessment of the fetal bowel on MRI

MR imaging of the fetal bowel requires both T1- and T2-
weighted sequences. It is important to know the normal
distribution of meconium in the fetal bowel at different
gestational ages in order to understand bowel anomalies
and to make a correct diagnosis. The high T1 signal of
meconium is the result of accumulation of material
composed of dry residual of swallowed amniotic fluid,
desquamated cells from the fetal bowel wall and bile salts
[12, 13]. Since meconium has high signal on T1-weighted
images, T1-weighted images are crucial for diagnosis of
any bowel pathology [11].

Most authors use 3D gradient echo images because
these images provide a fast T1-weighted acquisition in a
fetus where fetal motion interferes with the quality of
images, especially at early gestational ages and in the
case of polyhydramnios. At later gestational ages
(>30 weeks), motion is limited. The 3D GRE can be
done with breath-hold, which improves the quality of
images. The breath-hold of approximately 25 sec is
usually well tolerated by the patient even at advanced
gestational ages. Ideally, T1 acquisitions should be
performed in all three planes, in order to assess the
diameter of the colon and avoid any misinterpretation of
partial volume acquisitions.

At our institution, we perform 3D gradient echo TR/TE:
175 ms/min, flip angle 90 degrees. We use a slice thickness
of 4 mm, spacing of 0.4 mm. Most authors use a slice
thickness of 3–5 mm. Other sequences providing ultrafast
T1-weighted imaging could be used in the future.

Meconium is seen in the small bowel and colon
beginning at 18 weeks of gestation. Then, with progression
of pregnancy and onset of bowel peristalsis, meconium
accumulates first in the rectum and progressively in the
more proximal colon [1, 2, 14, 15]. Several studies show
evidence of defecation of meconium in the amniotic fluid,
mainly between 24 and 33 weeks of gestation, but it is not
completely clear how much meconium is retained in the
amniotic fluid of a normal fetus [16]. The fetal rectum is
consistently the largest area of the fetal bowel through the
entire gestation [17]. This is an essential sign to assess on
fetal MRI, and identification of a high T1 signal in the
rectum should be the starting point of any evaluation of the
fetal bowel [1, 2, 11, 18]. Therefore, lack of high T1-
weighted signal in the rectum should be considered a sign
of bowel pathology. Measurements of the normal size of the
rectum have been reported, as well as measurements of the
fetal colon and rectal diameter [17, 19]. Both types of
measurements have some limitations. The bowel is a soft
and tortuous structure that peristalses and therefore, it is
challenging to obtain reproducible measurements of the
colon diameter in two different patients or in the same

Fig. 1 US image of the fetal abdomen at 19 weeks of gestational age
demonstrates bowel (arrow) with similar echogenicity to that of the
adjacent bone (arrowhead) and classified as echogenic bowel
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patient at different times. Additionally, the degree of
bladder filling may compress the rectum and modify its
diameter. Measurements in three planes are required to
obtain accurate data. A volumetric measurement of the fetus
can be estimated on three-dimensional acquisition images
by multiplying the area containing high signal intensity
meconium by the slice thickness. Volumetric measurement
of the colon provides reproducible data but is more time-
consuming. Volumetric measurements are also subject to
volume averaging in cases such as Hirschprung disease and
colonic atresia, where proximal colon dilatation and micro-
colon coexist [19]. Therefore, the subjective overall
appearance of the colon and the size of the rectum should
be taken in consideration while using this method of
measurements.

In the second trimester, small bowel is filled with
meconium and appears high signal on T1-weighted images.
In the third trimester, it is common to see some residual
meconium in the distal ileum up to 30 weeks of gestational
age but the proximal loops of small bowel are filled with
amniotic fluid. The wall of the proximal bowel and
specifically, any bowel wall thickening can be better
evaluated in the third trimester [1, 2, 11, 12].

Microcolon and associated anomalies

Absence of high signal at the level of the rectum on T1-
weighted images should raise the concern for microcolon or
pathology that interferes with meconium formation or
meconium accumulation in the rectum.

The most clearly defined pathology associated with
microcolon is distal ileal obstruction, as is seen in neonates.
Many cases of ileal atresia can be diagnosed in utero [5, 6,
18]. US images can be misleading in some cases, because
prenatal US is not as accurate as MRI in the differentiation
between meconium-filled distal ileum and normal colon
filled with meconium. This is partly because shadowing
from the pelvic bones on US limits the visualization of the
rectum. MRI is superior to US for visualization of micro-
colon [20].

Differentiating distal ileal atresia and meconium ileus is
difficult because both demonstrate meconium-filled distal
ileum and microcolon.

Proximal bowel obstruction is not typically associated
with microcolon. However, we have found that some
fetuses with clear proximal bowel obstruction also have
abnormal signal intensity or anomalies of size of the colon
or rectum. Abnormal signal intensity of the meconium can
be explained by decreased concentration of the components
that give meconium its high T1 signal such as bile salts.
Abnormally small rectum or microcolon is seen in proximal
bowel obstruction when there is associated distal atresia.
Concomitant signs of proximal bowel obstruction and
microcolon should always raise the concern of multiple
atresias.

Severe vascular insult to bowel in utero is believed to be
at the origin of bowel atresia. Some studies have speculated
that a less severe vascular insult results in transiently dilated
bowel and echogenic bowel wall. The latter is usually
associated with resolution of the bowel abnormalities and
good outcome if the fetus had no other abnormalities or

Fig. 2 Transient bowel abnor-
mality. a Sagittal T1-W MR
image of the fetal abdomen with
microcolon at 24 weeks of ges-
tational age. b Image of the
same fetus at 32 weeks of
gestational age with a rectum of
normal diameter. The baby had
normal outcome at birth
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malformations [9, 21]. We have made similar observations
in fetuses with a small diameter of the colon. In our
observation of a small series of fetal patients with micro-
colon in the second trimester, in more than half the diameter
of the colon normalized on a follow-up MRI at 32 weeks or
at delivery. The effects of vascular insult in utero remain for
the most part just speculative and need to be confirmed by
pathophysiological studies (Fig. 2).

Finally, other abnormalities must be considered when the
diagnosis of microcolon is made. These include
microcolon-megacystis-hypoperistalsis, meconium plug
syndrome and Hirschprung disease [20, 22].

Anomalies of the signal of meconium

In the absence of high signal intensity at the level of the
rectum on T1-weighted images, fluid-sensitive images
should be reviewed to evaluate the content of the rectum.
Fluid-filled rectum is seen most frequently in cases of
urorectal septum malformations and in particular in cases of
high anal atresia with urorectal fistula [23]. Urine from the
fetal bladder fills the rectal pouch and mixes with the
meconium. In the presence of urine, meconium precipitates
into intraluminal calcifications, also called enteroliths, most
likely secondary to pH changes in the fetal bowel [23].

Fig. 3 Anal atresia and urorec-
tal fistula in a fetus at 32 weeks
of gestational age. a Axial US
image of the fetal abdomen
shows dilated bowel loops with
fluid (urine) and multiple enter-
oliths (arrow). b Sagittal T2-W
image of the same fetus demon-
strates fluid in the rectum and
some low signal enteroliths
(arrowhead)

Fig. 4 Chloride diarrhea in a
fetus at 32 weeks of gestational
age. a Sagittal US image shows
fluid-distended loops of bowel.
b Coronal fluid-sensitive image
of the same fetus demonstrates
diffusely distended loops of
bowel and polyhydramnios
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Enteroliths can be easily recognized on US and fetal MRI.
On US, the typical appearance of calcified balls floating in
fluid-distended bowel should always raise concern for the
diagnosis of urorectal communication. On MRI, the fluid-
filled rectum is usually more prominent and the low T2-
weighted signal enteroliths are more difficult to see than on
US, especially at early gestational age (Fig. 3).

Fluid-filled colon and rectum can be also seen in cases of
congenital diarrhea [24, 25]. Congenital chloride diarrhea is
a rare autosomal-recessive disorder associated with severe
electrolyte disturbances secondary to abnormal chloride-
bicarbonate channels. Intraluminal chloride concentrations
are very high, with the patient suffering severe hypochlor-
emia and hypokalemia causing metabolic alkalosis [26].
The prenatal diagnosis is essential to allow immediate
correction of the electrolyte unbalance and dehydration at
delivery. Another form of congenital diarrhea is sodium
diarrhea, which has worse prognosis than chloride diarrhea
[27].

Fetuses with congenital diarrhea demonstrate moderately
fluid-dilated small bowel as seen in some small bowel
obstruction, but in congenital diarrhea there is also fluid in
the colon and in the rectum. No high signal meconium is
seen on T1-weighted images and there is associated
polyhydramnios. The diagnosis can be made by prenatal
US [28, 29] but is better assessed by MRI, which confirms
the presence of fluid-filled colon and rectum [11]. Analysis
of the amniotic fluid can help confirm the diagnosis of
congenital diarrhea but the final diagnosis is usually made
postnatally (Fig. 4).

Conclusion

Although US remains the main modality for the diagnosis
of fetal bowel anomalies, fetal MRI provides important
information regarding meconium distribution in the fetal
bowel. The understanding of meconium formation and
distribution in the bowel at different gestational ages helps
to provide accurate diagnosis in cases of bowel abnormality.
However, we are limited in our understanding of bowel
abnormalities; despite improving image quality, fetal MRI
doesn’t allow accurate localization of the level of distal
bowel obstruction. The mechanisms of transient bowel
distension and transient microcolon are also not clearly
understood. Additional studies and ongoing improvement
of MRI technique might improve our understanding of the
congenital bowel abnormalities.

Disclaimer The supplement this article is part of is not sponsored by
the industry. Dr. Rubesova has no financial interest, investigational or
off-label uses to disclose.
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