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Abstract

Background: The aim of this study is to elucidate the spectrum of commonly encountered anomalies affecting
fetal genito-urinary system (GUS) on fetal MRI and examine its utility in providing better morphological information
resulting in improved diagnostic accuracy and in detecting additional malformations. The study also aims to
highlight the promising role of fetal MRI in the detection and characterization of renal fusion anomalies like the
horseshoe kidney or developmental abnormalities such as renal agenesis/ectopia.

Results: The mean age of study participants was 29 years ± 3 years. The gestation age of pregnant mothers ranged
from 18 weeks and 1 day to 39 weeks and 0 day. Amniotic fluid was reduced or absent in 41% (N = 13) and normal
in 59% (N = 18) of participating mothers. Overall, urinary obstruction was the commonest anomaly encountered
(29%) followed by the multicystic dysplastic kidney (MCDK) (22%). Bilateral renal disease was seen in all mothers
having features of anhydramnios {B/L MCDK (N = 3), autosomal recessive polycystic kidney disease (ARPKD) (N = 2),
posterior urethral valves (PUV) (N = 2), B/L renal agenesis (N = 3), and megacystis (N = 1)}. Fusion anomalies
(horseshoe kidney) and rotation anomaly (malrotation) were detected in one case each. Additional extrarenal
findings were seen on fetal MRI in 35% (N = 11) cases.

Conclusions: Fetal MRI improves diagnostic accuracy in anomalies affecting the fetal kidney and genito-urinary
systems by better morphological delineation. It has the ability to detect additional extra-renal malformations and
perform a more accurate assessment of associated pulmonary hypoplasia. The diffusion-weighted sequence is
particularly useful in confirming the diagnosis of renal agenesis/ectopia.
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Background
Genito-urinary system (GUS) anomalies constitute an
important and relatively common subset of fetal anomal-
ies encountered in routine antenatal practice, comprising
approximately 30–50% of all malformations detected on
prenatal scans or at birth [1, 2]. They exhibit a wide
range of severity ranging from simple pyelectasis to
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conditions incompatible with life such as bilateral renal
agenesis. In addition, urinary tract disease has the poten-
tial to impact fetal lung maturity which in turn has im-
portant prognostic implications. An accurate diagnosis
of these anomalies is therefore of paramount importance
and can prove to be valuable in formulating manage-
ment strategies and influencing parental counseling [3].
Antenatal ultrasound is invariably the initial screening

modality for fetal anomaly scan and has proven ability in
the detection of most malformations, but occasionally, it
is hampered by lack of amniotic fluid leading to incon-
clusive or diagnostically inadequate examinations. Be-
sides this, other technical limitations like maternal
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obesity and fetal pelvic bone ossification can also com-
promise the diagnostic potential of ultrasound in GU
anomalies. Fetal MRI on the other hand is not signifi-
cantly influenced by a lack of amniotic fluid or maternal
obesity and therefore proves invaluable in establishing
an accurate diagnosis in such cases. This study has been
undertaken to evaluate the role of fetal MRI in improv-
ing the accuracy in the diagnosis of various fetal genito-
urinary system malformations and to examine its role in
the detection of renal fusion anomalies like horseshoe
kidney or developmental abnormalities such as renal
agenesis/ectopia.
Methods
This is a prospective, observational, cross-sectional, and
single-institution study conducted jointly by Departments
of Radiodiagnosis and Obstetrics & Gynaecology of our
tertiary level institute. The study is of 1-year duration
(March 6, 2019 to March 5, 2020) and was conducted
after obtaining approval of the institutional ethics com-
mittee. A total of 31 consenting pregnant mothers having
singleton fetuses with suspected anomalies pertaining to
GUS diagnosed on a previous ultrasound and having ges-
tation age > 18 weeks were enrolled in the study.
Technical considerations and institutional protocol
Fetal MRI technique
MRI was performed on 1.5 T platform (Siemens MAG-
NETOM Aera) using an 18 channel-phased array torso
coil and head first approach. The mother was positioned
in the supine or left lateral posture (in cases of advanced
gestation to avoid IVC compression). No maternal sed-
ation was given, and no intravenous contrast agent was
administered.
Initial localizer was acquired with respect to a mater-

nal axis in orthogonal planes using an ultrafast T2-
weighted sequence for purpose of fetus localization and
pathology identification. The region of interest was kept
in the center of the coil for optimum image quality. Sub-
sequent image acquisition was done with respect to fetal
imaging planes. The following sequences were routinely
acquired in all patients using standard parameters:

1. T2 half Fourier-acquired single-shot turbo spin-
echo (HASTE) in axial, coronal, and sagittal planes
adjusted to a fetal axis

2. True fast imaging with steady precession (True-
FISP) in at least one plane (preferably coronal
plane)

3. T1 volumetric interpolated breath-hold examination
(VIBE) and turbo fast gradient-echo sequence with
a low-flip-angle shot (turbo-FLASH) in at least one
plane (preferably axial)
4. Diffusion-weighted imaging (DWI) (b value 400–
700 s/mm2) in an axial plane including both the
fetal and maternal kidneys.

Alternate interleaved slices were acquired to reduce
cross-talk while planning sequences with thinner or con-
tiguous slices. Sequences were repeated when the image
quality was degraded by fetal motion. Image stacks were
transferred to advanced workstation and interpretation
was done by two radiologists with 20 years and 30 years
of experience respectively in fetal imaging. The final re-
port was always given by consensus. Both the radiolo-
gists were blinded to the antenatal ultrasound diagnosis.
The reference gold standard for diagnosis in all surviv-

ing fetuses having a non-lethal malformation was a post-
natal radiological investigation (ultrasound/MRI/cystour-
etherography) while in lethal malformations, an autopsy
was the reference standard (under parental consent). In
cases where consent was not obtainable for autopsy due
to religious reasons, MRI diagnosis was considered as
final.

Results
There were a total of 31 participants in our study group
with a mean age of 29 years ± 3 years. The youngest
member was 21 years, and the eldest was 35 years of age.
The gestation ages of examined fetuses ranged from 18
weeks and 1 day to 39 weeks and 0 day. Amniotic fluid
was reduced (anhydramnios/oligohydramnios) in 41% (N
= 13) and was normal in 59% (N = 18) of participating
mothers. All mothers who showed evidence of anhy-
dramnios (N = 11) had bilateral renal disease in form of
MCDK (N = 3), ARPKD (N = 2), PUV causing bilateral
hydroureteronephrosis (N = 2), bilateral renal agenesis
(N = 3), and megacystis secondary to urethral atresia (N
= 1). In many cases, MRI picked up additional findings
which ranged from pulmonary hypoplasia, nuchal
hygroma, pleural effusion, and placenta previa. The
spectrum of various genito-urinary anomalies encoun-
tered along with associated findings detected is summa-
rized in Table 1.

Discussion
In recent years, MRI has come to play an increasingly
important role in fetal anomaly scanning. Its domain has
expanded from being an adjunctive modality to one
which is poised to become integral to fetal imaging pro-
tocols. This is because of several advantages like the su-
perior soft-tissue contrast, development of ultrafast
sequences, and ability to overcome the limitations of
ultrasound like a poor sonic window in maternal obesity,
oligohydramnios, and bony ossification [4–6].
The initial assessment of the fetal genito-urinary system

is invariably performed by ultrasound. Unfortunately,
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ultrasound as a standalone modality may be inadequate or
inconclusive in many of the fetuses harboring these anom-
alies due to a frequent association of oligohydramnios or
anhydramnios [7].
Thus, further assessment by fetal MRI is warranted in

such cases for a more complete and informative anomaly
evaluation. Ultrafast T2W sequence like HASTE has
long been considered as the mainstay of genito-urinary
system imaging on fetal MRI as it is relatively resistant
to fetal motion due to sub-second slice acquisition and
also provides exquisitely detailed images of fetal anatomy
with high contrast and resolution. In this sequence, fetal
kidneys are visualized as elliptical structures in a para-
vertebral location having an intermediate signal inten-
sity. The renal cortex displays a slightly hypointense
signal compared to the medulla, and the signal intensity
ratio of the renal cortex to the medulla undergoes a
steady increase with the advancement of gestational age
[8, 9]. The pelvicalyceal system and urinary tract exhibit
hyperintense T2 signal intensity similar to the fluid. Bal-
anced steady state-free precession sequences such as
true-FISP also provide a comparable image quality with
lesser radiofrequency heat generation. The inclusion of
this sequence is useful in the delineation of GU anomal-
ies which show obstructive changes. T1-weighted se-
quences like VIBE and faster versions like turbo FLASH
are acquired as an add-on sequence in fetal GU imaging
protocols. They are plagued by lower spatial resolution
and susceptibility to fetal motion, but nonetheless have
an undeniable complementary value for evaluation of
fetal gastrointestinal tract, liver, and in the detection of
hemorrhage/calcification. T1W images are particularly
useful in differentiating dilated ureters from surrounding
gut loops as meconium-filled large bowel is hyperintense
compared to the hypointense ureter [9].
DWI sequence is an important component of fetal

MRI GU imaging protocols in many institutions. Owing
to the high water content of fetal organs, the echoplanar
Fig. 1 Right-sided multicystic dysplastic kidney disease: maternal age: 25 ye
TRUFI coronal (b): Left kidney is normal (blue tracing) while right kidney (re
non-communicating and clustered internal cysts. DWI axial (c) shows a low
left kidney
DWI images are acquired at low b values of 400–700 to
attain a better contrast. DWI sequences are particularly
useful in the detection of renal parenchyma and assess-
ment of its functionality. The normal fetal kidneys show
restricted diffusion owing to the high cellularity resulting
in a high DWI signal. This sequence is useful in making
a confidant diagnosis of renal developmental abnormal-
ities like renal agenesis or ectopia. An empty renal fossa
in combination with absent DWI bright signal elsewhere
favors agenesis while empty renal fossa with extrarenal/
pelvic location of bright signal points to ectopia. A dis-
eased or pathological fetal kidney has decreased cellular-
ity and will therefore show reduced DWI signal
brightness. This property can be exploited for prediction
of renal function by a comparative feto-maternal renal
apparent diffusion coefficient (ADC) map value evalu-
ation with increased ADC values indicative of impaired
renal functions.
MRI is also useful in the assessment of any associated

anorectal abnormalities which can occur as part of
VATER (vertebral, anal atresia, trachea-esophageal fis-
tula, renal anomalies syndrome). The various genital sys-
tem diseases such as ovarian cysts or diseases affecting
perineal structures like cloacal exstrophy can be also
better characterized by this modality.
For discussion purpose, the anomalies of the fetal

genito-urinary system encountered in our study have
been categorized into broad aetiological groups as
follows:

Cystic renal disease
This group comprises conditions like multi-cystic dys-
plastic kidney (MCDK) or simple cysts of kidneys.
MCDK may be sometimes difficult to differentiate from
hydronephrosis on ultrasound. On MRI however, owing
to its superior soft-tissue contrast, the disease morph-
ology is better seen. In MCDK renal parenchyma is
absent consequent to the aberrant ureteral bud
ars; period of gestation: 38 weeks 1 day; T2 HASTE axial (a) and T2
d tracing) displays lobulated contour with multiple, variable-sized,
signal in the right kidney (arrowheads) with normal bright signal in



Fig. 2 Bilateral multicystic dysplastic kidney disease: maternal age: 20 years; period of gestation: 21 weeks 2 days: T2 HASTE coronal (a) and axial
(b) images show multicystic dysplastic changes involving both kidneys (red tracing) with associated anhydramnios. Axial DWI (c) shows loss of
normal hyperintense signal in both kidneys (arrowheads)
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development and is replaced by multiple peripheral and
central non-communicating cysts distorting the renal
shape (Fig. 1a, b and Fig. 2a, b). The lack of identifiable
renal parenchyma results in low signal on DWI images
which can be a useful pointer for differentiation between
the two entities (Figs. 1c and 2c). In our study, we en-
countered 7 cases of MCDK (unilateral in 4 and bilateral
in 3 cases). All the bilateral cases expectedly showed evi-
dence of anhydramnios and pulmonary hypoplasia. We
found MRI to be especially useful in evaluating bilateral
MCDK cases as the associated lack of amniotic had
compromised the sonic window. Our observation that
MRI is helpful in differentiating MCDK from hydrone-
phrosis is in consonance with similar observations re-
corded in earlier studies [1, 5, 10, 11]. According to
these studies, MRI is helpful in displaying the disease
morphology in a better manner, and in MCDK, it shows
multiple variable-sized non-communicating cortical and
Fig. 3 Bilateral autosomal recessive polycystic kidney disease: maternal age
and axial (b): nephromegaly with diffusely increased signal on fluid-sensitiv
urinary bladder was not visualized (not shown); there was also evidence of
medullary cysts having hyperintense T2 signal and low
DWI signal. In case of hydronephrosis, the dilated renal
pelvis shows a more central location, and intercommuni-
cation between the dilated calyces is also better appreci-
ated allowing for a differentiation between the two
entities.
In one rare case of a solitary cystic variant of

MCDK seen in our study, MRI proved helpful in dis-
tinguishing the MCDK cyst from pelviureteric junc-
tion obstruction (PUJO). The contralateral kidney
however showed typical MCDK features with a multi-
cystic appearance.

Autosomal recessive polycystic renal disease (ARPKD)
ARPKD is characteristic by marked symmetric nephro-
megaly with maintained reniform shape and diffusely in-
creased T2 signal intensity which occurs due to
increased water content of renal parenchyma. Usually,
: 27 years; period of gestation: 32 weeks 6 days; T2 HASTE coronal (a)
e sequences involving both the right and left kidneys (green arcs); the
anhydramnios and bilateral pulmonary hypoplasia



Fig. 4 a Pelviureteric junction obstruction (PUJO): maternal age: 22 years; period of gestation: 32 weeks 2 days: T2 HASTE (a): the right kidney
shows dilatation of the pelvicalyceal system with pelviectasis out of proportion to caliectasis and non-visualization of the ipsilateral ureter
consistent with PUJO (yellow arrow); b, c Unilateral hydronephrosis: T2 HASTE coronal (b) and axial (c) images show moderately dilated
pelvicalyceal system (red arc) with maintained bright signal on DWI (d). Note the posteriorly directed renal pelvis (asterisk) suggestive
of malrotation
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cysts are not visualized in ARPKD but sometimes few
tiny cysts (not exceeding 1–2 cm in size) may be present.
In bilateral cases, the urinary bladder is frequently not
visualized [12] and amniotic fluid is often reduced mani-
festing as oligohydramnios or anhydramnios. We came
across 2 cases of bilateral ARPKD in our study with typ-
ical MRI imaging findings of nephromegaly with high
T2 signal (Fig. 3a, b). In both cases, associated findings
of anhydramnios and lung hypoplasia were present

Urinary tract dilatation
Urinary tract dilatation is one of the commonest entities
seen in fetuses with GUS anomalies with mild pelviecta-
sis at the least severe end of the spectrum. Of the multi-
tude of causes resulting in urinary obstruction, PUJO is
the most frequent with an incidence of approximately
35% [7], followed by uretero-pelvic junction obstruction
(UPJO) with an incidence of close to 10%. Other notable
causes of fetal urinary tract dilatation include vesico-
ureteric reflux (VUR) disease, ureterocele (mostly in as-
sociation of duplication anomaly), posterior urethral
valves (PUV) anomaly, urethral atresia, and megacystis
microcolon hypoperistalsis syndrome. In our study too,
anomalies resulting in urinary tract dilatation were the
most frequent, comprising 29% of the total GUS anom-
alies encountered, and among these, PUJO was the most
common entity (Fig. 4a) followed by HDN (Fig. 4b–d).
We found MRI to be very useful in delineating confi-

dently the level of obstruction as the collecting system
upstream to this level gets dilated and shows a hyperin-
tense signal on FFE and ultrafast T2 sequences, thus
making it more conspicuous. Additionally, MRI was use-
ful in assessing pelvic anatomy particularly in cases of
lower urinary tract obstruction. The typical keyhole ap-
pearance of the dilated posterior urethra was also much
better appreciated on MRI (Fig. 5a–d). Recent studies
too have espoused the benefits of fetal MR in better pel-
vic anatomical delineation. They also observed that
owing to an excellent spatial resolution of fetal MRI and
non-affection of image quality by fetal pelvic bone ossifi-
cation, MRI allows a better and more accurate identifica-
tion of perineal structures and pelvic anatomical
landmarks like the rectum, bladder, vagina, and uterus.
T1 hyperintense signal of meconium laden rectum is



Fig. 5 Posterior urethral valves: maternal age: 26 years; period of gestation: 39weeks 0 days; coronal T2 TRUFI images (a, b) showing gross bilateral
hydroureteronephrosis (red tracing in a and arrowheads in b). T2 TRUFI sagittal (c) showing trabeculated bladder outline and the T2 HASTE Coronal
image (d) showing “typical key hole appearance” of the dilated posterior urethra (yellow trace). There is also evidence of anhydramnios
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particularly useful in assessing the inter-relationship of
pelvic organs with each other which is pivotal for diag-
nosing complex genito-urinary anomalies. Cloacal ab-
normalities, ectopic ureteral insertion in renal
duplication anomalies, and posterior urethral dilatation
are some of the anomalies which are better diagnosed
[1, 5, 6, 13–15].
MRI can also be utilized for providing additional use-

ful information on some other renal features like cortical
thickness and signal intensity of renal parenchyma. Se-
vere hydronephrosis results in cortical thinning whereas
increased parenchymal T2 signal intensity may be seen
in dysplastic changes [10, 11, 16].
Fusion anomaly
Prenatal diagnosis of fusion anomaly like the horseshoe
kidney is a rare occurrence. We diagnosed a case of fetal
horseshoe kidney in our study which was missed
altogether on ultrasound (Fig. 6a–c). Additionally, the
left moiety of the horseshoe kidney showed dysplastic
changes with small cysts; however, the ureters were nor-
mal caliber in our case. It is recommended that in the
horseshoe kidney, ureters should routinely be assessed
for any anomalous course or dilatation [4].

Renal agenesis
MRI can play a very important role in the evaluation of
renal agenesis especially if it is bilateral. In such cases,
there is invariably severe oligohydramnios or anhydram-
nios, and assessment by ultrasound is unreliable [17].
DWI can be particularly useful in the demonstration of
missing bright signal in renal fossa [18]. We had four
cases of renal agenesis (three of bilateral and one of
unilateral) and found DWI to be a helpful sequence in
increasing the diagnostic confidence (Fig. 7a–d). Pulmonary
hypoplasia is a frequent accompaniment of bilateral
agenesis and can be assessed more accurately on
MRI. This in turn has important implications on fetal
prognosis.

Ovarian cyst
An ovarian cyst is a relatively common intra-abdominal
mass in female fetuses, and MRI is indicated mainly to
clarify anatomy, provide additional diagnostic details like
intracystic hemorrhage or occurrence of complex



Fig. 6 The horseshoe kidney in a case of heterotaxy syndrome: maternal age: 26 years; period of gestation: 30 weeks; T2 HASTE axial (a, b) and
DWI axial (c) images show typical horseshoe configuration of the fetal kidney (green tracing) with small dysplastic cysts (arrows)
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changes. The T1-weighted sequences are useful in de-
tecting bleed as it will give increased signal intensity
even in dilution. We had one case of unilocular ovarian
cyst (Fig. 8a–b) which remained uncomplicated through-
out the pregnancy but underwent torsion leading to oo-
phorectomy a few days after birth. Serial ultrasounds are
always recommended whenever an ovarian cyst is
Fig. 7 a, b Unilateral renal agenesis: maternal age: 25 years; period of gesta
normal fetal kidney with bright DWI signal (green tracing) while the on con
missing (red arc). c, d Bilateral renal agenesis: maternal age: 21 years; period
bilateral renal fossae are empty (arrows) with absent DWI bright signal in b
There is also evidence of anhydramnios and bilateral pulmonary hypoplasia
diagnosed prenatally. Monitoring of cyst size is consid-
ered important from a treatment point of view since
cysts smaller than 50mm may regress and are therefore
are kept on observation whereas cysts greater than 50
mm are unlikely to regress, prone for torsion and may
therefore be treated by in utero or post-delivery aspir-
ation [19, 20].
tion: 24 weeks 2 days; T2 HASTE axial (a) and DWI axial (b) show one
tralateral side the renal fossa is empty and bright DWI signal is
of gestation: 25 weeks 4 days; T2 HASTE axial (c) and DWI axial (d):

ilateral renal fossae (red arrows); urinary bladder was not visualized.



Fig. 8 Ovarian cyst: maternal age: 24 years; period of gestation: 35 weeks 2 days: T2 HASTE axial (a) a simple ovarian cyst in the left
abdominopelvic region (labeled “cyst”) adjacent to the bladder (labeled as b) with no features of complications. Axial T1 VIBE image (b) clarifies
the inter-relationship of cyst with adjacent T1 hyperintense meconium-filled colon loops
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Limitations of our study were the selection bias that
occurred because the study sample comprised of cases
of fetal GUS anomalies already diagnosed or suspected
on ultrasound. Another limitation was the lack of depic-
tion of a complete spectrum of GU system anomalies
mainly because of shorter study duration, low prevalence
rates, and focus on one system only.

Conclusion
Fetal MRI plays an important role in a confident assess-
ment of anomalies affecting genito-urinary system. It
overcomes the obstacles posed by a lack of amniotic
fluid and has added value in terms of refining, modify-
ing, or adding to the diagnostic information provided by
ultrasound. It has a promising role in the detection of
renal fusion anomalies like the horseshoe kidney or de-
velopmental abnormalities such as renal agenesis/ectopia
and may detect additional abnormalities pointing to an
underlying syndromal etiology or give added information
on extrarenal organ systems like lung hypoplasia. It also
has the potential to guide management strategies and in-
fluence parental counseling. In many non-lethal anomal-
ies of GUS, accurate and timely diagnosis by fetal MRI
can result in the institution of appropriate therapeutic
intervention which can translate into improved survival
benefit and better quality of post-natal life. Fetal MRI is
hence recommended in the diagnostic workup of genito-
urinary tract anomalies whenever ultrasound is non-
informative or equivocal.
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