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The aim of the study was to assess the sensitivity of magnetic resonance urography (MRU) — both native and contrast-enhanced
examinations — in the diagnosis of ureteral strictures and to evaluate its importance in the diagnostic algorithm in patients with different
causes of urinary obstruction.

Materials and Methods. MRU was performed in 62 patients with ureteral strictures, whose average age was 4749.8 years, using
high-field MRU devices Vantage Atlas (Toshiba, Japan) and Ingenia (Philips, the Netherlands) with magnetic field intensities of 1.5 and
3.0 T, respectively. The strictures were primary in 6 cases and secondary (acquired) in 56. In 42 cases (67.7%), excretory MRU was carried
out: the procedure involved intravenous administration of contrast agent. The detected strictures were evaluated in terms of localization,
shape, extension and suprastenotic dilatation extent. The technique sensitivity in detecting the changes in surrounding structures was also
estimated: ureteral wall thickening and paraureteral tissue infiltration were evaluated, the spread of tumor process was assessed when
appropriate. The results obtained by computed tomography urography (CTU) and confirmed by surgical intervention were considered as
reference values.

Results. MRU sensitivity in the diagnosis of ureteral strictures was 96.3%. The technique showed the best results in the lower third of
the ureters: 100% of strictures were identified regardless of their origin. In the upper third, MRU confirmed the strictures detected on CTU
in 97.2% of cases. As for the middle third of the organ, the results were lower than on CTU: 87.4% of strictures were detected. According
to excretory MRU data, the following pathological symptoms were revealed: organ obstruction — in 62 cases (100%), filling defect — in
9 cases (14.5%), suprastenotic dilatation — in 56 cases (90.3%), hydronephrosis — in 52 cases (83.9%), pelvicalyceal system dilation —
in 58 cases (93.5%). Besides, traditional MR sequences, especially the series with suppression of the signal from adipose tissue, are highly
sensitive to edema manifestations and revealed infiltrative changes in the surrounding tissue in 34 (54.8%) and ureteral wall thickening
in 45 cases (72.5%). Accumulation of fluid in the pelvis was found in 8 cases (12.9%). MRU also made it possible to detect changes in
parenchymal organs, the liver, adrenal glands and to suspect the presence of secondary pelvic bone lesions.

Conclusion. Contrast-enhanced MRU demonstrates high efficacy in detection of ureteral strictures similarly to CTU and, in case of
obstruction located in the lower third of the organ, it is superior to CTU and provides additional information about the condition of the organ
wall and the surrounding tissues. Non-contrast MRU provides the possibility to clearly localize the level of obstruction and identify its cause.
The absence of ionizing radiation makes the technique successfully applicable in patients with contraindications to CTU.
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Introduction obstruction revealed on radiological examination may
have benign or malignant nature and be due to extra-

A ureteral stricture is a pathological narrowing of and intra-luminal changes. Statistical data presented
the ureteral lumen, usually causing an obstruction to by the Federal State Statistics Service in the report on
the outflow of urine from the renal pelvis. The ureteral  morbidity rates of the main disease classes among the
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population (2012) show that the incidence of urogenital
pathologies has remained unchanged in recent years
and amounted to 11,718.7 per 100 thousand people
over the past 5 years. Unfortunately, there is no separate
registry of ureteral diseases in the Russian Federation.

There are primary (congenital) and secondary
(acquired) obstructions. Primary obstructions include
congenital obstructing megaureter, e.g. scarring of
the ureteral wall due to existing genetic abnormalities
or compression of the ureter when crossed by blood
vessels. Acquired strictures are numerous. Based on
the obstruction cause, they may be divided into intrinsic
and extrinsic. Intrinsic strictures may be caused by
oncological disease (primary urothelial cancer), follow
urinary infection (tuberculosis, gonorrhea) or passage
of calculi. Extrinsic strictures are formed as a result of
compression of the ureter by an external pathological
process (mass lesions in the pelvis, enlarged lymph
nodes, including those resulting from retroperitoneal
fibrosis, with fibrous tissue growth and development of
one- or two-sided compression of the ureter). Secondary
involvement of ureters (compression, invasion) occurs
in pelvic tumors 6 times more often than primary tumors
[1-2]. According to the etiology, it is also possible to
distinguish non-iatrogenic and iatrogenic obstruction,
whose frequency varies widely: 0.05-30% depending
on the surgeon’s experience and technical complexity
of surgery [3-6]. latrogenic ureteral injuries may be
the result of both open surgery and laparoscopic or
endoscopic procedures and often are not recognized
during the operation itself, therefore statistically the
percentage of their occurrence in literature can be
reduced [4, 7].

Ureteral injuries during gynecological and obstetric
interventions in women are due to the abundance of
vascular neoplasms and close anatomical relationship
between the internal reproductive organs and the urinary
tract. The frequency of ureteral injury resulting from
gynecologic surgery in the pelvic cavity is estimated at
between 0.3 and 1% [6, 7]. Usually the ureter is damaged

Table 1
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during gynecologic surgery for benign and malignant
neoplasms of the uterus and ovaries, iatrogenic injuries
to the upper urinary tract are caused by hysterectomy in
54% of cases [7-10]. Kachrilos from the Royal London
Hospital [11] proposed his own classification of ureteral
strictures based on the nature of the stricture and
involvement of the ureteral lumen (Table 1).

Today, the widespread technique of excretory
urography (EU) is used less often due to its restrictions
and numerous cases of ambiguous results and the gold
standard for diagnosis of ureteral strictures and other
causes of urinary obstruction appears to be computed
tomography urography (CTU). This examination is
a quick and revealing way to assess the state of the
urinary tract [12, 13]. However, in some patients the
use of ionizing radiation is undesirable. These include
individuals requiring multiple dynamic examinations
(especially the young), pregnant women, patients
with impaired renal function and persons with allergic
reactions to contrast agent. In these situations, fast
developing magnetic resonance urography (MRU) may
become a method of choice making it possible to carry
out comprehensive examination of the entire urinary
tract similarly to CTU.

Magnetic resonance examination of the urinary tract
can be performed in two ways: by means of static non-
contrast urography using ultrafast T2-weighted images
(T2-WI) like those applied in magnetic resonance
cholangiopancreatography and wusing T1-WI after
intravenous administration of contrast agent (similar to
X-ray EU). Non-contrast MRU technique is based on
obtaining a high-intensity magnetic-resonance signal
from motionless or slow-moving fluid located in natural
and/or pathological structures of the examined area,
the signal from the surrounding tissues being much less
intense. T2-WI images in the frontal plane are the basic
sequence for static MRU, they allow clear visualization
of the urinary tract with its narrowing, cysts of different
localization, the vertebral canal.

Today, MRU is a fast developing technique. A number

Classification of ureteral strictures based on the cause of their appearance
and involvement of the ureteral lumen (by S. Kachrilas et al., 2013)

Lumen narrowing

Transitional cell carcinoma of the ureter
Pelvic tumors (prostate, bladder)

Strictures External compression
Malignant Gynecological malignancies
Colorectal cancer
Cancer-associated lymphadenopathy
Primary/secondary retroperitoneal malignancy
Benign Idiopathic retroperitoneal fibrosis

Endometriosis

Infection (tuberculosis)

Traumatic injury

latrogenic injury

Ureteral intestinal anastomosis

Kidney transplantation

Effects of radiation therapy/chemotherapy
Ureterolithiasis
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of studies have demonstrated its high efficacy in
detecting the level of urinary obstruction [12, 14, 15].
However, the potential of the method in identifying
the causes of urinary tract abnormalities remains
understudied [16].

The aim of the study was to assess the sensitivity
of magnetic resonance urography (both native and
contrast-enhanced examinations) in the diagnosis of
ureteral strictures and to evaluate its importance in the
diagnostic algorithm in patients with different forms of
urinary obstruction.

Materials and Methods

A total of 62 patients with the upper urinary tract
abnormalities underwent  complex  radiological
examination at the City Clinical Hospital named after
S.I. Spasokukotsky, City Clinical Hospital named after
S.S. Yudin and the Branch Clinical Diagnostic Center
of PJSC Gazprom (Moscow) over the period from 2013
to 2017. The examination included EU, ultrasound,
dynamic CTU and MRU.

The study complies with the Declaration of Helsinki
(2013) and was performed following approval by the
Ethics Committee of A.l. Yevdokimov Moscow State
University of Medicine and Dentistry. Written informed
consent was obtained from every patient.

Of 62 patients with ureteral disorders included in
the study, 6 patients (9.7%) had primary strictures, 56
(90.3%) — secondary (acquired). The mean age of
patients was 47+9.8 years. The distribution of patients
under study is shown in Figure 1.

Magnetic resonance urography was performed using
high-field devices Vantage Atlas (Toshiba, Japan) and
Ingenia (Philips, the Netherlands) with magnetic field
intensities of 1.5 and 3.0 T, respectively. A larger FOV
index was applied to visualize the entire ureter. Patients
were administered Buscopan (120 mg) or Drotaverine
(120 mg) per os 30 min prior to the examination to
reduce the number of motor artifacts and intravenous

Developmental

Retroperitoneal
abnormalities

fibrosis
Effects
of inflammation

Urothelial cancer
of the ureter

Involvement
V, of the ureters
latrogenic in volumetric
strictures processes
of the pelvis

Figure 1. The pattern of ureteral changes (%)
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diuretic in the form of Furosemide (10 mg) 15 min before
the procedure. In 42 cases (67.7%), excretory MRU
was performed: the procedure involved intravenous
administration of contrast agent (Gadovist — 0.1 mmol/
kg body weight), in 20 patients (32.3%), it was limited to
static native examination alone.

The detected strictures were evaluated in terms of
their localization, shape, extension and suprastenotic
dilatation extent. The technique sensitivity in detecting
changes in the surrounding structures was also
evaluated: ureteral wall thickening, paraureteral
tissue infiltration and the spread of tumor process
when appropriate. CTU results confirmed by surgical
intervention were considered as reference values.

Results

MRU sensitivity in the diagnosis of ureteral strictures
amounted to 96.3%. The technique demonstrated the
highest results in the lower third of the ureter: 100% of
strictures were identified regardless of their origin. In
the upper third, MRU confirmed the strictures revealed
by CTU in 97.2% of cases. As for the middle third of the
organ, the results were lower than those obtained by
CTU: 52 strictures (83.9%) were revealed. In 44 cases
(71.0%), the localization of strictures was also confirmed
by cystoscopy and subsequent surgery: 27 patients
(43.5%) underwent Boari flap ureteroplasty, 17 patients
(27.4%) underwent Da Vinci robot-assisted uretero-
ureteroanastomosis (Intuitive Surgical, USA). In 18
cases (29%), ureteral bougienage followed by stenting
was performed, partial patency of the organ preserved.

Static MRU showed enlarged upper urinary tract
characterized by a hyperintensive magnetic resonance
signal on T2-WI: due to a high signal from the urine,
the kidneys, ureters, and bladder were visualized
simultaneously. T2-WI with thick slices allowed obtaining
images in different planes and reconstruct MIP images
from them. In 11 cases (17.7%), excretory MRU revealed
and clarified the boundaries of a soft tissue component
of the existing tumor not visualized in non-contrast
series. In 4 cases, accumulation of contrast agent by
the thickened walls of the organ and surrounding cellular
tissue infiltration confirmed the assumption about the
infectious process.

According to MRU data, the following signs of
urinary tract disease were revealed: ureteral obstruction
(n=62; 100%), filling defect (n=9; 14.5%), suprastenotic
dilation (n=56; 90.3%), hydronephrosis (n=52; 83.9%),
pelvicalyceal system dilation (n=58; 93.5%) (Table 2).
Stricture length varied from 11 to 83 mm, the lumen
width of the narrowed ureter — from 0.8 to 3.6 mm (the
normal width of the ureter is 4—7 mm).

In 2 cases (3.2%), small volume formations of the
ureter (up to 3 mm) were overlooked by MRU, probably
due to the limited spatial resolution, these formations
were detected during dynamic observation, CT and were
confirmed by biopsy.
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Ureteral wall thickening of various
length was found in 23 cases (37.1%),
that was a manifestation of the
inflammatory process during dynamic
observation in 4 patients, it accompanied
primary urothelial cancer of the ureter in 3
patients and cicatricial changes of the wall
due to strictures in 16 cases (26.7%). The
software capabilities enabled effective
image post-processing and ascertaining
ultrasound and CT data (Figure 2).

Besides, MRU provided additional
information on the surrounding organs
and tissues in 18.2% of cases as
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Table 2

The signs of ureteral pathology according to the data obtained
by radiology and other verification methods (n=62) (abs. number)

Sign Bl Us MRy DY
Filling defect 7 — 9 1
Retention changes in the upper urinary tract 49 50 52 52
Surrounding tissue infiltration — 21 28 28
Ureteral wall thickening — — 23 23
Delay in contrast agent excretion 10 — 8 8

compared to CTU. Static MRU revealed infiltrative ~resonance sequences and especially the series with
changes in the surrounding cellular tissue in 28 patients ~ suppression of the signal from adipose tissue. _
(45.2%) due to high sensitivity of traditional magnetic Accumulation of fluid in the pelvis was detected in 8

Figure 2. Ureteral pathology revealed in patient F. (aged 58) by different radiology methods:

CTU of the abdominal cavity in the coronal (a), (b) and axial (c) projections: (a) in the native phase of
the examination there is left ureteropelvic wall thickening (weakly hyperdense in relation to urine)
(arrow); (b), (c) early diffuse mural accumulation of contrast agent at the level of this thickening (arrows);
(d) an echogram of the left kidney: only dilated calices are visualized; post-processed MRU images in the
coronal (e) and axial (f) planes: a “map” of direct contrast agent accumulation by left ureteropelvic junction
walls (the image marked CONTRAST) as a result of subtraction of image (b) from image (a)
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Figure 4. Patient S., 42 years, with intraoperative ureteral trauma:
MRU: modes T2 Fat Sat (a) and post-contrast T1-WI (b) the changes
in the images are not convincingly visualized; DWI (c) and ADC (d)
clearly defined areas of restricted diffusion corresponding to apostemes
(arrows); CTU in the coronal (e) and axial (f) planes after removal of the
right kidney

Figure 3. The results of examination of patient K.
(aged 35) admitted with a diagnosis of “right-sided
renal colic”:

CTU in the axial (a) and coronal (b) planes: the
enlarged cecum and ileum with inflammatory changes
in the surrounding tissue are defined in the right iliac
region (red arrows); MRU of the abdominal cavity
(T2-WI with suppression of the signal from adipose
tissue) in the axial (c) and coronal (d) planes: there is
an enlarged and fluid filled appendix (yellow arrow),
infiltrated changes of cecum and distal ileum walls, the
adjacent omentum and paracolic adipose tissue (red
arrows), a small amount of free fluid in the cecum

The results of tomographic examination led to the
conclusion about the presence of acute appendicitis,
local peritonitis, omentitis, typhlitis, terminal ileitis

Standard T2-WI and sequences with suppression
of the signal from adipose tissue enabled
visualizing fluid accumulations and differentiating
them from such formations as ovarian cysts and
follicles.

When there were areas of local pain as well
as clinical and laboratory manifestations of
inflammation, CTU and MRU were the most
informative in differentiating the diagnosis of
urinary obstruction from other diseases. CTU
data were used to define the presence of
calculi, the level of ureteral obstruction, perifocal
infiltration in the cellular tissue, the signs of
intestinal obstruction, the presence of free and
localized fluid and gas accumulations in the
abdominal cavity and retroperitoneal space.
When using T1-WI and T2-WI in the axial
and coronal planes (including sequences with
suppression of the signal from adipose tissue
as well as diffusion-weighted images), MRU
provided additional possibility to reveal even the
minimum volume of reactive effusion, changes
in the walls of the source organ, syntopic organs
and the surrounding tissue (Figure 3).

MRU also made it possible to detect
complications of ureteral surgery, such as
pyelonephritis, in 8 patients (12.9%). In 4
patients, the information obtained by MRU
was unique. For example, in 2 patients, the
use of DWI-MRU enabled finding small liquid
accumulations in the cortical substance of
the kidney which were not visualized on CTU
(including that with contrast-enhancement).
These areas were classified as manifestations

patients (12.9%). The effusion was equally well detected  of apostematous pyelonephritis and were the reason
both on magnetic resonance images and during for changing the management of patients: the affected
ultrasound due to high sensitivity of both methods. kidneys were removed (Figure 4). Besides, magnetic
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Figure 5. The results of radiology
examination of patient L., 29 years,
at pregnancy week 36-37:

(a) echogram: hypoechogenic areas
with fuzzy contours detected in the right
kidney (arrows) enabled suspecting
inflammatory changes, another
hypoechogenic structure (not marked)
corresponds to a simple cyst; MRU:
(b) T2-WI in the sagittal plane, the
uterus is enlarged in accordance with
the term of pregnancy, in the uterine
cavity there is one fetus in cephalic
presentation; (c) image Co 3D MRCP,
no convincing data on the presence of
calculi have been revealed, the signal
from the pelvicalyceal system and the
ureter is weak due to weak current of
fluid inside of them; (d), (¢) modes DWI
and ADC, areas of restricted diffusion
indicate the regions of purulent
inflammation (arrows)

resonance examination revealed purulent inflammation
of the kidneys in 2 pregnant patients for whom it was
impossible to undergo CTU and ultrasound could only
help suspect the cause of fever (Figure 5).

MRU also revealed changes in parenchymal organs
(the kidneys, liver, pancreas, adrenal glands) and the
presence of secondary pelvic bone lesion that was found
in 17 cases (27.4%).

Conclusion

Magnetic resonance urography and computed
tomography urography have similar diagnostic efficacy
in detecting ureteral strictures of different genesis. It is
possible in both cases to make a full comprehensive
single-step evaluation of the urinary tract as a whole. At
the same time, magnetic resonance urography provides
the possibility to obtain additional diagnostic information
about the condition of the organ wall and surrounding
tissue infiltration. The possibility to evaluate the
abdominal and pelvic organs comprehensively enables
us to rule out other pathology and determine the tactics
of patient management.

The absence of ionizing radiation makes magnetic
resonance urography the method of choice in
examination of pregnant women, children, and patients
with impaired renal function. High diagnostic efficacy of
the method makes it applicable for dynamic control of
treatment results in persons of different age groups.
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