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Abstract

Magnetic resonance imaging of the upper tract (pyelocalyces and ureters) or MR Urography (MRU) is technically possible
and when performed correctly offers similar visualization of the upper tracts and for detection of non-calculous diseases of
the collecting system similar specificity but with lower sensitivity compared to CTU. MRU provides the ability to simulta-
neously image the kidneys and urinary bladder with improved soft tissue resolution, better tissue characterization and when
combined with assessment of the upper tract, a comprehensive examination of the urinary system. MRU requires meticulous
attention to technical details and is a longer more demanding examination compared to CTU. Advances in MR imaging
techniques including: parallel imaging, free-breathing motion compensation techniques and compressed sensing can dramati-
cally shorten examination times and improve image quality and patient tolerance for the exam. This review article discusses
updates in the MRU technique, summarizes clinical indications and opportunities for MRU in clinical practice and reviews

advantages and disadvantages of MRU compared to CTU.

Keywords Magnetic resonance imaging - Urography - Urothelium

Introduction

Imaging of the upper tracts (e.g. the collecting system which
includes the pyelocalices and ureters) is a common indi-
cation in clinical practice for evaluation of: patients with
hematuria, a dilated or potentially obstructed collecting
system and those patients with documented urothelial cell
carcinoma (UCC) or other tumors of the urinary tract which
require staging or re-staging examinations [1-3]. Imaging of
the upper tracts is typically performed with CT Urography
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(CTU) in most clinical practices throughout the world due to
shorter examination times, improved efficiency and patient
throughput, better availability and decreased technical and
interpretative complexity compared to MR Urography
(MRU) [4-6]. Nevertheless, MRU (when technically opti-
mized) offers similar visualization of the ureters compared
to CTU and for detection of non-calculous diseases of the
collecting system has been shown to be as specific as CTU
albeit with lower sensitivity [7, 8]. MRU is non-ionizing
and presents an ability to image the collecting systems, as
well as, the kidneys and urinary bladder simultaneously as a
comprehensive “one-stop-shop” examination [9]. Advances
in MR imaging techniques including: parallel imaging,
motion compensation and compressed sensing may dramati-
cally shorten examination times improving image quality
and patient tolerance for the MRU examination. This review
article discusses the MRU technique (including technologi-
cal advances), clinical indications and accuracy of MRU and
debates advantages and disadvantages of MRU compared
to CTU.

Technique

A comprehensive MRU requires anatomic coverage of the
kidneys, urinary bladder and the collecting system in its’
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entirety including the pyelocaliceal system and ureters. The
craniocaudal distance required to cover all of the anatomy
of the urinary tract poses a technical challenge for many
MRI systems [9]. Most abdominal and pelvic MRI surface
coils offer an imaging field of view (FOV) of up to 40 cm
[10] which may be too small to cover the entire urinary tract
simultaneously. A simple solution, though time consuming
and somewhat impractical, is to cover the upper abdomen
and pelvis separately. This requires moving the surface coil
in between acquisitions and necessitates re-localization
between stations [11, 12]. Dynamic contrast-enhanced
(DCE)-MRI can only be performed once using this set-up
and can cover either the upper abdomen or the pelvis but
not both. Vendors have proposed various solutions to over-
come this challenge, and include: larger surface coils with
wider useable FOV, integrated surface coils which enable
linking of adjacent coils expanding the useable FOV and
continuously moving table (CMT) MRI [11, 12]. Even when
coverage is possible, acquisition times can be prohibitive if
modifications to existing protocols are not performed. One
simple strategy to reduce acquisition time is to image in the
coronal (as opposed to the axial) plane to reduce the number
of slices required to achieve adequate coverage. Increasing
slice thickness or reducing resolution through reductions in
the number of phase-encoding steps can also shorten acqui-
sition times to improve coverage. Other techniques which
may be used to reduce examination times will be discussed
later.

A basic MRU examination typically includes T2-weighted
(T2W) imaging obtained at standard and very long echo
times (TE ~90 and > 500 ms, respectively), T1-weighted
(T1W) images acquired with dual-echo chemical shift imag-
ing (CSI) and with fat suppression (FS) before and after
gadolinium administration. When gadolinium enhanced
images are acquired through DCE-MRI and when diffusion
weighted imaging (DWI) is added to a basic MRU protocol,
a “multi-parametric” MRU is achieved [9]. Delayed T1W
gadolinium enhanced urographic phase images complete the
protocol. Our institutional MRU protocol is summarized in
Table 1.

Components of multi-parametric MR urography
(MRU)

Patient preparation

Two key components which are required to achieve a good
quality MRU are adequate hydration status and patient diu-
resis. The patient should be well hydrated before MRU. If
there is no contraindications (e.g. congestive heart failure,
fluid restriction), 250-500 ml of IV saline may be admin-
istered at least 30 min before the start of imaging. The uri-
nary bladder (UB) should be half full at the beginning of the

examination given that an overdistended UB could result
in unwanted motion artifact, cause patient discomfort or
potential delays if, for example, the patient needs to void
during the examination [9, 12]. Alternatively, a completely
collapsed UB is also not ideal since underdistention can also
simulate pathology [13].

T2-weighted imaging (fluid sensitive MRU)

T2W images for MRU use the intrinsically high signal inten-
sity of the urine for image contrast. Single-shot half-Fourier
fast or turbo spin echo (ssFSE/HASTE) T2W images are
routinely performed when imaging the kidneys and ureters
[3]. TE times may vary slightly by system but are generally
performed with moderate T2 weighting (e.g. TE 60-120 ms)
which provides good contrast between the kidneys, col-
lecting systems and disease [12]. Advantages of ssFSE/
HASTE compared to conventional FSE/TSE are mainly
shorter acquisition times and the ability to freeze motion in
any single image to reduce artifact. Disadvantages include
lower spatial resolution and image blur (due to the extended
echo-train) and when staging a primary urothelial cell malig-
nancy in the urinary bladder 2D or 3D TSE/FSE are pre-
ferred. A series of coronal thick-slab fat-suppressed heavily
T2-weighted (e.g. TE > 500 ms) MRCP-type ssFSE/HASTE
images can be acquired in 2-3 s to provide a broad overview
of the collecting systems and potentially differentiate areas
of pathological ureteric narrowing/stricturing from ureteric
peristalsis [9]. Alternatively, heavily T2ZW MRU images can
be obtained as a free-breathing or respiratory triggered 3D
acquisition which can be later partitioned into thin slices and
reconstructed into any imaging plane [14]. An advantage of
T2W MRU is that it does not require gadolinium. In cases of
a moderately to severely obstructed collecting system, T2W
MRU may be the best method to detect a collecting system
abnormality since the urine within the dilated collecting sys-
tem provides excellent inherent image contrast and excretory
phase urographic images in patients with a dilated collecting
system may be poor due to reduced excretion of contrast,
lower opacification and mixing effects between gadolinium
and urine in a dilated system, Fig. 1.

T1-weighted imaging (gadolinium-enhanced MRU)

Gadolinium enhanced T1W MR urography is dependent on
the renal excretory function of the patient [15]. In a patient
with poor or absent renal function, an insufficient amount
of gadolinium may be excreted. In these cases T2W MRU
may be the only alternative. Gadolinium within the collect-
ing systems expectedly shortens the T1 relaxation time of
urine with resultant increased signal intensity of urine on
T1W images; however, as gadolinium concentrates in the
collecting systems an eventual paradoxical loss of signal
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Fig.1 54-year-old woman with history of colorectal cancer who
underwent MR urography for further evaluation of a dilated collect-
ing system detected on ultrasound (not shown). a Coronal maximum
intensity projection (MIP) image from a thick-slab fat-suppressed
(FS) heavily T2-weighted (T2W) 3D fast spin-echo (FSE) MR image
[T2 MR urography (MRU)] shows a moderately dilated left collecting
system with an abrupt narrowing of the left distal ureter (arrow). b
Coronal fat suppressed T2-weighted (T2W) single-shot fast spin-echo

intensity on T1W images occurs due to susceptibility (T2%*)
effects which overwhelm T1 shortening [16]. The loss of
signal intensity may limit adequate assessment of the col-
lecting systems either obscure pathologic findings or simu-
lating a filling defect, Fig. 2 [9, 12]. This is a fundamental

(ssFSE) MR image further identifies the abrupt narrowing of the left
distal ureter (arrow) due to a filling defect causing convex superior
margins. Gadolinium was not administered due to poor excretory
function. ¢ Follow-up oblique coronal reformatted image from a con-
trast-enhanced CT shows an enhancing lesion (arrow) in the left distal
ureter at the site of obstruction. Metastatic colon cancer was diag-
nosed at subsequent ureteroscopic biopsy

difference comparing CTU and MRU, where in the former
longer delays result in improved opacification of the col-
lecting systems, whereas, in the latter may render the study
non-diagnostic. To minimize signal intensity loss from sus-
ceptibility effects, adequate gadolinium dilution is required.

Fig.2 25-year-old woman undergoing MRU for evaluation of hema-
turia. a Axial T1-weighted (T1W) FS gradient-recalled echo (GRE)
MR image obtained during the urographic phase shows blooming
artifact (arrows) in the renal sinuses due to concentrated gadolinium,
limiting evaluation. Artifact is also simulating filling defects within

the renal pelvis. b, ¢ Axial FS echo-planar diffusion-weighted image
(DWI) with b value of 600 s/mm? and ADC map image show T2*
artifact (arrows) in renal sinus with a complete signal void and geo-
metric warping due to concentrated gadolinium in renal hilum

@ Springer
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This can be achieved either by increasing the amount of
volume in the collecting system (through the administration
of IV fluids) or by the administration of diuretics (e.g. IV
Furosemide injected at doses of 10-20 mg) or both [5, 9].
Alternatively, reducing the dose of administered extracel-
lular GBCA or using a combined extracellular/hepatobiliary
contrast agent (e.g. Gadoxetic acid, marketed as Primovist in
Canada or Eovist in the United States] can also be performed
to dilute the concentration of gadolinium in the collecting
systems [17, 18], Figs. 3 and 4.

Functional imaging [diffusion-weighted imaging (DWI)
and dynamic contrast enhanced (DCE)-MRI]

DCE-MRI is routinely obtained in the corticomedullary and
nephrographic phases for the detection, characterization and
staging of renal parenchymal neoplasms [10, 19]. Tumors of
the pyelocalyceal system and ureters, mainly urothelial cell
carcinomas (UCC) can be identified after contrast adminis-
tration as enhancing lesions corresponding to filling defects
on T2W [20]. To our knowledge the use of DCE-MRI for
upper tract lesion characterization has not been formally
reported. In a study by Kim et al., a time-resolved DCE-
MRI was able to diagnose areas of ureteric peristalsis [21].
Future studies may evaluate upper tract neoplasms with
DCE-MRI, which may be now technically possible due to
recent technological advancements which enable more rapid
or motion-compensated DCE-MRI of the upper abdomen,
discussed below.

Diffusion weighted imaging (DWI) has been incorporated
into most abdominal and pelvic MRI protocols and has an
important role in renal and urinary bladder mass evaluation
[22-25]. A comprehensive explanation of DWI, as it applies
to oncologic imaging, is beyond the scope of this manu-
script but has been described elsewhere [26-29]. DWI has

Fig.4 60-year-old male who underwent MRU for evaluation of colo-
rectal cancer metastases and hematuria using a mixed extracellular—
hepatobiliary phase contrast agent (Gadoxetic acid, Bayer Pharma-
ceuticals). Coronal MIP image shows excellent opacification of the
pyelocalyceal systems and upper ureters without significant suscepti-
bility artifact. The dual excretion of the gadolinium and lower admin-
istered dose results in sufficient dilution in the urinary tract to prevent
unwanted susceptibility artifact

been investigated and shown to be useful for the detection
of upper tract tumors [22, 30, 31] and also for prediction of
histopathological grade and T stage [32]. It is important to
emphasize that DWI, when imaging the collecting systems,
requires the use of a high b value image (e.g. > 600 mm/s?)
to suppress the unwanted signal from urine and emphasize
the abnormal signal from upper tract tumors, Fig. 3. Through

Fig.3 54-year-old male with right distal ureteric urothelial car-
cinoma. a Axial TIW FS GRE MR image in the urographic phase
shows a filling defect in the opacified right distal ureter (arrow).
b and ¢ Axial DWI (b value, 600 s/mm?) and ADC images show

@ Springer

marked restricted diffusion in the lesion (arrows). Note that at high
b value DWI the signal intensity of the urine decreases (due to unre-
stricted diffusion), whereas the signal intensity of the tumor remains
bright improving lesion detection
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the use of commercially available software, high b value
images can be calculated or extracted from a DWI acquisi-
tion of low and intermediate b values which has been shown
to not only shorten examination times but also improve con-
trast to noise ratio when imaging at very high b values in the
prostate [33, 34]. When combining a high b value acquisi-
tion with a low (& intermediate) b value, apparent diffusion
coefficient (ADC) map images are obtained which highlight
tumors as having low signal intensity contrasted to hyper-
intense urine which shows T2 shine-through effects. It is
important to recognize that most clinical DWI in the abdo-
men and pelvis continues to be acquired using single-shot
echo-planar imaging (EPI) techniques which are extremely
sensitive to susceptibility artifact. Therefore, DWI should
be acquired prior to administration of gadolinium to mini-
mize susceptibility artifact from gadolinium in the collecting
systems which may render DWI non-diagnostic [9], Fig. 5.

Adding DCE-MRI with DWI to an MRU examination
results in a full multi-parametric MRU. Though multi-par-
ametric MRU is not well studied, there are instances where
the combination of imaging findings may improve diagnos-
tic accuracy. For example, an important scenario arises in
clinical practice when a central/hilar tumor involving the
pyelocalyceal system is identified on imaging. In this con-
text, the two leading considerations are a hilar renal cell
carcinoma (RCC, most frequently clear cell subtype) and

Fig.5 70-year-old male with |

clear cell renal cell carcinoma w
-
. -

sinus mimicking a urothelial
cell carcinoma. a Axial T2W
ssFSE image shows a well
circumscribed T2W hyperin-
tense mass in the renal sinus
of the left kidney. b Axial

FS T1W GRE MR image in
the corticomedullary phase

of enhancement shows avid
heterogeneous enhancement in
the mass (arrow) ¢ and d Axial
DWI (b value, 600 s/mmz) and
ADC map images show only
mild restricted diffusion

(RCC) extending into the renal

UCC. Differentiating between these two diagnoses pre-
operatively is important. Management for clear cell RCC is
accomplished by nephrectomy or complex partial nephrec-
tomy [35], whereas for UCC reference standard management
for high grade disease is with nephroureterectomy and resec-
tion of the bladder cuff with alternative strategies reserved
for selected patients who are poor operative candidates or
require preservation of renal function [36]. Pre-operative
histological diagnosis may be challenging due to the deep
hilar location of these central tumors which may be difficult
to biopsy percutaneously or endoscopically [37]. Studies
have evaluated the ability of MRI to differentiate between
hilar clear cell RCC and UCC with good results [38]. Clear
cell RCC typically show increased T2W signal intensity,
may contain microscopic fat which can be depicted on TIW
in- and opposed-phase dual-echo GRE images [39], show
modest restricted diffusion and enhanced avidly and het-
erogeneously in the corticomedullary phase with washout
kinetics. Conversely, UCC show low T2W signal intensity,
no microscopic fat, marked restricted diffusion and progres-
sive fairly homogeneous low enhancement, Figs. 5 and 6.

@ Springer
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Fig.6 62-year-old woman with urothelial carcinoma involving the
right renal hilum. a Axial T2W ssFSE image shows a homogene-
ously T2W hypointense mass lesion centered in the right renal pel-
vis. b Axial FS T1W GRE MR image obtained in the nephrographic
phase of enhancement shows mild homogenous enhancement in the

Advanced Imaging techniques and potential applications
for MRU

Recent technological advances in abdominal and pelvic MRI
have attempted to significantly shorten examination times or
acquire good diagnostic quality free-breathing images using
motion correction techniques. These techniques have been
discussed in detail in a recent review article summarizing
advances in gadolinium-based contrast agent imaging in the
genitourinary tract [40]. Briefly, through advanced paral-
lel imaging and compressed sensing techniques, acquisition
times can be shortened substantially. Both methods shorten
examination times by reducing the number of phase-encod-
ing steps (undersampling k-space) and then reconstruct
a final image while attempting to maintain image quality
and minimize noise and other artifacts. These reductions
in acquisition times can be used in MRU to achieve shorter
breath-holds (improving patient tolerance), greater ana-
tomic coverage in the slice selection axis or can be used to
improve spatial resolution. Alternatively, novel prospective
or retrospective motion-compensated imaging techniques
could enable a free-breathing urographic phase acquisition
with 3D T1W gradient recalled echo sequences at isotropic
resolution. When these free-breathing motion-compensated

@ Springer

mass (arrow). ¢ and d. Axial DWI (b value, 600 s/mm?2) and ADC
map images show marked restricted diffusion in the mass. e. Coronal
FS T1W GRE MR image in the urographic phase shows the mildly
enhancing mass lesion as a filling defect in the renal pelvis

techniques are combined with advanced parallel imaging
and compressed sensing, completely free-breathing stud-
ies including DCE-MRI are now technically possible [40].
With application of machine-learning techniques, historical
shortcomings of MRU including longer acquisition times
and reduced patient tolerance may become even less prob-
lematic in the future.

Texture analysis of medical images is an emerging field
which has drawn particular attention for genitourinary
application [21, 36-38]. Texture analysis offers the ability
to quantitatively assess for differences in pixel values which
are not perceptible to the human eye and has been prelim-
inarily studied in urothelial cell carcinomas of the upper
tract and urinary bladder on CT and MRI [42—45]. Further,
larger scale studies are needed to validate preliminary results
and apply texture analysis to machine-learning algorithms
for automated detection and characterization of upper tract
disease.
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Clinical applications of MRU
lodinated contrast allergy and other concerns

Patients with known severe allergic reactions to iodinated
contrast material alternatively can be imaged with gadolin-
ium-enhanced MRU [1, 3] to avoid the potential risks related
to re-exposure of iodinated contrast media in the context
of a prior severe allergic reaction. Gadolinium-enhanced or
T2W MRU may also be preferred to CTU in patients where
iodinated contrast media are considered less desirable (e.g.
in patients with compromised renal function, on dialysis or
with renal transplants). Moreover, in patients whose con-
dition (e.g. pregnancy) or preference is to avoid all forms
of contrast media, T2W-MRU offers an alternative imaging
strategy avoiding contrast media altogether [39].

Radiation

MRU is considered the first line examination in young
patients with complex congenital abnormalities or warrant-
ing multiple serial follow-up examinations [12]. Addition-
ally, T2W MRU is also recommended in the evaluation of
obstructive uropathy in pregnant patients [1]. As model
based and artificial intelligence based iterative reconstruc-
tion techniques continue to lower radiation dose on CT
[46-48], radiation is less of a concern in clinical practice;
however, in selected patients, MRU provides an excellent
alternative imaging modality.

Ureteric calculi

MRI is relatively insensitive for the detection of renal cal-
culi compared to CT [49-51]. Currently, patients with sus-
pected or documented urolithiasis requiring imaging should
undergo low-dose unenhanced CT rather than MRU [12]. In
unsuspected patients with urolithiasis undergoing MRI or
MRU, secondary findings of significant calculous disease
such as: hydroureteronephrosis, a delayed nephrogram, renal
engorgement, perinephric stranding or fluid and urothelial
thickening may be findings which herald an underlying cal-
culus as a potential cause. Typical findings of a renal cal-
culus on MRI include a persistent filling defect on T2W or
excretory MRU without enhancement [3] which may or may
not show susceptibility artifact comparing signal intensity
on longer TE in-phase to shorter TE-opposed-phase images.
In the absence of obstruction, non-obstructing renal calculi
are commonly overlooked on MRI.

Dilated and potentially obstructed collecting system

MRU is considered more sensitive and specific for noncal-
culous causes of urinary tract obstruction than unenhanced

CT [52]. A variety of intrinsic and extrinsic causes for
urinary tract obstruction can be encountered on MRU
[4, 20, 53]. Benign strictures of the ureters can be due
to adjacent abdominal and pelvic inflammatory processes
such as appendicitis, Crohn’s disease or endometriosis or
result from previous surgical or radiotherapy. Benign stric-
tures are typically smoothly tapering and not associated
with a soft tissue mass [12], whereas malignant strictures
may present with an enhancing mass at the site of ureteral
obstruction, abrupt change in caliber and a meniscus at
the tumor—urine interface. Differentiation between benign
and malignant strictures can be difficult when urothelial
carcinoma presents as concentric ureteral thickening and
enhancement [19]; DWI and in particular ADC measure-
ments could be useful additional features for imaging
differentiation; however, differentiating malignant from
benign ureteric lesions with wall thickening remains a
challenge [54]. It is important to differentiate strictures
from normal ureteric peristalsis which can be accom-
plished readily at MRU using a series of thick-slab heav-
ily T2W MRU single-shot ssFSE/HASTE images or less
commonly using time-resolved DCE-MRI [21].

Upper tract neoplasms

UCC represents approximately 90% of primary pelvi-
calyceal malignancies with squamous cell carcinoma
accounting for the remaining 10% [55]. A hallmark of
UCC is high recurrence rates and multiplicity of disease,
requiring strict surveillance of the urothelium [56]. UCC
is typically divided into upper urinary and lower urinary
tract tumors, based on differences in the natural history of
disease and treatment approaches. Upper tract UCC can
be seen in nearly 2-4% of patients with bladder cancer;
therefore, imaging surveillance of the upper urinary tract
is considered a key factor in the management of bladder
tumors [57, 58]. On the other hand, approximately 40% of
patients with upper tract UCC will develop a bladder can-
cer, highlighting the importance of bladder surveillance
during the oncologic follow up of patients with upper tract
UCC [56, 59]. As discussed above, multi-parametric MRU
can reliably differentiate between UCC involving the pye-
localyceal system and central or hilar RCC. Ureteric UCC
can be diagnosed at MRU when noting a filling defect or
mass in the ureter on T2W or excretory phase TIW MRU
which enhances on early DCE-MRI, Fig. 7.

Infection

Urinary tract infection (UTI) can occur anywhere in the
urinary tract from the urethra to the kidney and is most
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Fig.7 67-year-old woman with history of urinary bladder urothelial
cell carcinoma status post-transurethral resection of bladder tumor
undergoing MRU for surveillance of disease in the upper tracts.
a Axial FS TIW GRE MR image obtained in the urographic phase
shows a 4 mm filling defect in the opacified left distal ureter (arrow).

commonly due to bacterial infections. Imaging is gen-
erally not performed for the majority of UTI; however,
can be crucial when assessing for complications related
to infection. In pregnant patients, MRI is considered the
best imaging modality for the evaluation of complicated
UTI [60]. MRI can be especially useful for diagnosis
and follow-up of renal abscesses [60]. It is important to
highlight the limitation of MRI, compared to CT, for the
detection of calculi (in the context of a suspected septic
stone) and air (in the context of emphysematous pyelitis
and pyelonephritis).

Retroperitoneal masses which may be extrinsic
to the collecting systems

A wide variety of retroperitoneal benign and malignant
conditions can secondarily involve the ureters and renal
pelvis resulting in hydroureteronephrosis either from mass
effect/compression or frank invasion. To our knowledge,
CT and MRI have not been directly compared for assessing
retroperitoneal disorders but, in our opinion, are compara-
ble in terms of diagnostic accuracy. Retroperitoneal fibro-
sis is an uncommon fibrotic reaction characterized by the
development of a fibrous plaque in the retroperitoneum,
frequently surrounding the ureters and causing obstruction
[61, 62]. The disease progresses from active inflammation
to fibrous scarring [63, 64]. On imaging, as the matura-
tion process evolves from the periphery to the center, the
lateral edges of the lesion tend to be hyperintense on T2W
and enhancing after contrast administration, whereas the
central areas tends to be more fibrotic with low signal

@ Springer

The lesion was not prospectively reported. b Axial FS T1W GRE
MR image obtained in the urographic phase in the same patient on a
2-year follow-up MRU shows the lesion has grown and now fills the
distal ureter measuring 16 mm (arrow). Ureteric UCC was confirmed
at ureteroscopic biopsy

intensity on T2W [64]. Assessment of disease activity is
relevant for planning of further medical or surgical therapy
[65]. Several methods had been proposed in the evalua-
tion and differentiation of disease activity including posi-
tron emission tomography and DCE-MRI [65-67]. DWI
has been proposed as an alternative for the assessment of
disease activity. In a study conducted by Kamper et al. a
calculated DWI-index was significantly higher in untreated
patients than in patients under therapy [68]. Up to two-
thirds of the idiopathic cases of retroperitoneal fibrosis
are believed to be associated with IgG4 disease [69, 70].
Imaging findings are characterized by the development of
abnormal soft tissue thickening and fat stranding in the
retroperitoneum which can be iso- to hypointense on TIW
and of variable signal intensity on T2W images, depending
on the degree of active inflammation [71]. Three subtypes
of retroperitoneal fibrosis are described according to the
imaging pattern: (1) Abnormal soft tissue surrounding the
abdominal aorta and its branches, (2) periureteral masses
often related with hydronephrosis and (3) Plaquelike ret-
roperitoneal mass [69, 70]. Enhancement after contrast
administration varies according with the maturity of the
fibrous tissue [71].

Conclusion

Technically optimized MRU can be considered an excellent
technique for evaluation of the entire urinary tract. The com-
bination of functional sequences with conventional MRU
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offers the possibility of a MP-MRI examination, which is
the reference standard for renal mass and bladder cancer
in clinical practice. The application of motion correction
techniques, radiomic features, and incorporation of machine-
learning algorithms may further improve examination toler-
ance and diagnostic efficacy. MRU is the preferred technique
for the evaluation of the urinary tract in pediatric patients,
individuals with history of severe allergy to iodinated con-
trast agents or young patients requiring frequent repeated
imaging. As future technological developments are imple-
mented into clinical practice we look forward to improved
utilization of MRU for many other clinical indications.
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