National Cancer Institute, Kyiv

ﬂyquaﬂ ANarHoCTukKa, Jjty4dyeBasd Tepanusa

ANATOMICAL AND FUNCTIONAL
CHANGES IN THE UPPER URINARY TRACT
IN PATIENTS WITH MUSCLE INVASIVE
BLADDER CANCER

The paper presents the results of analysis of a comprehensive radiation exami-
nation of 250 patients with muscle invasive bladder cancerthat, in 75 cases, was
complicated by ureterohydronephrosis. The possibilities of MR urography were
studied with the use of paramagnetic contrast agents and forced diuresis in the
diagnosis of anatomical and functional changes in the upper urinary tract.
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INTRODUCTION

It is known that in the diagnosis of dis-
eases of upper urinary tract radiation meth-
ods play a significant role in influencing
the formation of diagnosis and subsequent
treatment strategy [1].

The discovery in 1929 of excretory urog-
raphy by Binz and Rath was an outstanding
achievement in science that influenced the
development of urology and nephrology,
and is now widely used in various algorithms
in the examination of patients and in different
modifications [2]. However, there is a rather
large group of patients in whom the excretory
urography is little informative or its applica-
tion is impossible, namely, with a blocked
kidney, renal insufficiency, and renal colic.
There are also well-known contraindications
to the use of iodine-containing contrast
agents: hyperthyrosis, expressed hepatic and
renal failure, hypertension in decompensation
stage, pregnancy, allergy to iodine. In addi-
tion, traditional radiographic methods give
an idea of the anatomical and functional
status of the upper urinary tract, but the pos-
sibility of identifying the causes of urinary
tract obstruction, tumors of the ureters and
of the urinary tract, is limited. Besides,
it is necessary to consider radiation exposure
on the patient. It should be noted that for
a long time it was impossible to get an image
of upper urinary tract without using ionizing
radiation and iodine-containing contrast me-
dia infusion. But at the end of the 20" century,
a fundamentally new method of diagnosis ap-
peared based on nuclear magnetic resonance,
which use was originally limited due to the
low hardware and software support [3]. With
the development of technical facilities and
experience,the magnetic resonance imaging
(MRI) is included in mandatory research
protocols recommended by international
urological associations [6].

Technique of magnetic resonance urog-
raphy (MR urography) is based on obtaining

high-intensity MR signal from the slow-
moving or stationary liquid. A set of images
taken in consecutive MRI scans is used for
the construction of additional oblique views
and three-dimensional image, and against the
background of less intense tissue in the area
of research we get sharper images of upper uri-
nary tract. Not dilated urinary tract due to the
small amount of liquid is visualized fragmen-
tarily; sometimes it is not differentiated against
of the surrounding structures. Accordingly,
with the dilatation and increase of the liquid
contents the MRI study allows establishing
the degree of dilatation, its level and, in many
cases, the cause of obstruction [4].

Best upper urinary tract visualization can
be obtained at excretory MR urography using
paramagnetic contrast agents and diuretic
loading which makes possible to determine
the functional state of the kidneys and ure-
ters, visualize the bladder or urinary reservoir
after intestinal plastic [3].

It should be emphasized that, unlike X-
ray cystography, MRI allows evaluating the
bladder in any projection and clearly identify
pathological changes in the bladder wall, which
isoften the cause of ureterohydronephrosis [ 5].

Objective: To examine the anatomical
and functional changes in the upper urinary
tract using MR urography with the paramag-
netic contrast agents and forced diuresis. As-
sess the effectiveness of MRI in the diagnosis
of ureterohydronephrosis.

MATERIALS AND METHODS

The results were analyzed of examination
and treatment of 250 patients with invasive
bladder cancer who were treated at the
department of plastic and reconstructive on-
courology since 2010 to 2012. In 75 cases the
primary disease was complicated by uretero-
hydronephrosis. The age of patients ranged
from 27 to 73 years. Men — 52 (69.3%),
women — 23 (30.7%).

All patients were examined with the
method of MR urography using hydrography
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Fig. 1. MRl of patient O. with invasive bladder cancer, where: a, b) in Cor T2-weighted
image the moderate dilatation of the left ureter in the form of a stasis of urine, the renal
pelvis complex of the left kidney is structural, with preserved parenchyma; c) after
Lasix administration: urine passes freely through the upper urinary tract, additionally,
the cyst was detected in the lower pole of the left kidney

Fig. 3. Patient C. Bladder cancer condition after radical cystectomy, and ileoneocys-
toplasty; Sag T2-weighted image after administration of Lasix where: a) the ureter can
be traced, more distal than dilatation area; b) the stricture is present of the left ureter
in lower third up to 3 mm and within 20 mm of length; c) the dilated ureter is visualized
above the stricture

Fig. 4. MRI of patient L. with relapsing bladder cancer, where: a, b) in Cor T2-weighted
image, the dilatation of the left doubled ureters is observed. The irregular thinning of renal
parenchyma, and a treelike deformation of dilated calyx-pelvis complex were found, the
level of obstruction is visualized; ¢) after administration of Lasix the increased ectasia is ob-
served of the upper urinary tract on the left-side above the level of obstruction. A treelike
dilatation of calyx-pelvis complexis observed, the left ureters are traced that are dilated all
over the length to the iliac vessels. The bladder is filled, and deformed on the left rear wall

mode on magnetic resonance imaging scan-
ner of General Electric Signa Ovation 0.35T.

In all the cases, the adapted MRI pro-
tocols were used to assess the anatomic and
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functional status of upper urinary tract and
bladder. Before being scanned, the patients
underwent an anti-peristaltic diet as prepara-
tion to study.

Fig. 2. MRI of patient M. with invasive
bladder cancer, where: a) inCor T2-
weighted image the moderate dilatation
of left renal pelvis complex is observed,
the parenchyma is preserved. Dilatation
of the left ureter in distal part; b) after
administration of Lasix the increase
in dilation of the upper urinary tract was
observed above the obstruction level

The method is as follows: 30—40 minutes
prior to scan the oral hydration of patients
was performed. Patient is scanned lying
on the back, arms along the body. Scanning
is performed in the radio frequency coil
forthe body. Synchronization with breath-
ing is not used. The patient should lie still.
Area of study necessarily involves the upper
urinary tract and the bladder. The tomogram
is done in three orthogonal projections.

To diagnose the condition of upper uri-
nary tract the optimal scan marking was per-
formed to obtain T2-weighted images in the
coronal plane. Then the patients received
Lasix at the rate of 0.8 mg/kg. Afterwards,
the study protocol included scanning in the
axial plane in T1 and T2-weighted images
and in the sagittal plane in T2-weighted im-
ages. Further scanning was performed in the
coronal plane in the mode of fat suppression
with the study area including the upper
urinary tract and the bladder. The protocol
includes mandatory use of paramagnetic
contrast agents (at the rate of 0.2 mg/kg)
in T1-weighted images.

Position, shape, size, and condition
of the upper urinary tract and the bladder
were assessed before and after pharmacologi-
cal test. In assessing ureterohydronephrosis,
the thickness of the renal parenchyma was
analyzed, as well as the extent and shape
of the renal pelvis complex dilatation, the
functional state of dilated ureter, and the
level and cause of obstruction.

RESULTS

As a result of the study the unilat-
eral ureterohydronephrosis was diagnosed
in 60 (80%) patients, and bilateral —
in 15 (20%) patients.

Analysis of typical anatomical and
functional changes in the upper urinary tract
allowed dividing patients into 4 groups.

Characteristic feature of changes in the
upper urinary tractin groupl of 24 (32%)
patients wasa slight dilatation of the ureter,
which is manifested in the form of stasis
of urine. After intravenous Lasix administra-
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Puc. 5. MRl of patient Z. with invasive bladder cancer, where: a, b) in Cor T2-weighted
image, a significant ectasia is observed of calyx-pelvis complex, the ureter is dilated,
knee-like bended, the kidney parenchyma is thinned and is visualized fragmentarily, the
level of obstruction is found; ¢) in Sag T2-weighted image the ureter above the obstruc-
tionis dilated. The cause of obstruction is tumor invasion in the area of the right meatus;
d) the right upper urinary tract ectasia is observed above the level of obstruction. The
bladder is filled and deformed on the right rear wall; e) after administration of Lasix the
effectisinsignificant, the ureter is atonic, dilated. Breakage of image and persistent filling
defect in the projection of the distal part of right ureter and the right wall of the bladder

Fig. 6. Patient C. with urothelium cancer in calyx-pelvis complex of the right kidney,
where: a) inCor T2-weighted image the obturation of ureter by tumor masses in the
upper third,the kidney is in the form of polycystic formation; b) in AX T2-weighted
image the perirenal tissue edema, and partial rupture of thinned renal parenchyma

tion the urine passes freely through the upper
urinary tract. Renal parenchyma is preserved,
the renal pelvis complex is not dilated (fig. 1).

Group 2, of 27 (36%) patients,was char-
acterized by dilatation through all the length
of the ureter up to 15 mm of length. Renal
parenchyma was preserved, with moder-
ate dilatation of pelvis and calyces. After

infusion of Lasix patients were divided into
two categories: in 14 (52%) the increased
diuresis and suprasthenic ureteral ectasia
was observed, indicating a stable obstruc-
tion while maintaining the reserve function
of kidney (fig. 2). In 13 (48%) the reduction
of ectasia of upper urinary tract was noted
due to compensated ureteral stricture in the
distal third (fig. 3).

Group 3 (21 patients — 28%) was
characterized by the growth of retention
characteristics in the form of sustainable
ectasiaof calyx-pelvis complex, the ureter
dilated along the entire length, twisted.
Infusion of Lasix showed itself not effective
in 14 patients (65%), contractile properties
of upper urinary tractwere absent. 7 patients
(35%) manifested little effect, and chaotic
contraction of the ureter. Due to changes the
renal parenchyma is not uniformly thinned,
visualized fragmentarily (fig. 4, 5).

Group 4 (3 patients — 4%) was charac-
terized by atony of dialtedafunctional ureter,
renal parenchyma is thinned in the form
of polycystic formation (fig. 6).

In all the cases when comparing the re-
sults of MRI before and after the administra-
tion of Lasix, a clearer visualization was noted
ofthe upper urinary tract after Lasix infusion.

Thus MRI has exceptional opportunities
for application, in case when it is not pos-
sible to perform the excretory urography, for
example, for anafunctional kidney, at low
urinary tract contrasting in renal failure.

Using MR urography with diuretic load
we diagnosed the ureteral stricture in five cases.

In all the cases the MR imaging with
MR urography allowed clearly establish-
ing the level and in 92% of cases the cause
of obstruction.

CONCLUSIONS

MR urography is a technique that allows
you to visualize the upper urinary tract with-
out invasive intervention, radiation exposure
and contrast use. It is a highly informative
method for studying the obstructive pro-
cesses of the upper urinary tract that can
be applied to patients with severe renal fail-
ure, with severe allergic reactions to iodine-
containing contrast. Use of MR-urography
allows, in addition to the level of obstruction
and the degree of dilation of the urinary tract,
to detect intra-and extra-abdominal causes
of urine outflow. In addition to information
about the urinary tract, MR-urography
provides important information about the
renal parenchyma, the processes occurring
in the walls of the urinary tract and adnexa.

The use of MR-urography with diuretic
load gives information about the anatomical
and functional status of upper urinary tract.
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AHaToMO-(hyHKLNOHaIbHbIE N3MEHEHNS BEPXHUX AHaToMO-(yHKLiOHanbHi 3MiHM BepXHiX
MoYeBbIBOOSILLLNX I'IyTel7I y OONbHbIX C MbILLEYHO- CeY4yoBUBIOHUX WNNAXIB Yy XBOpUX Ha M'AA3eBO-
MHBa3UBHbIM pakKOM MO4Y€BOIo ny3bipa iHBa3suBHUN paK ce4oBOro Mixypa
T.C. I'oaosxo, O.M. Taspuarok T.C. I'onosxo, O.M. Taspunrox

HauwnoHnanbHbIli NLHCTUTYT paka, Kues HauionanbHwii inctutyr paky, Knis
Pesiome. B ctatbe npencTaBiieHbI pe3y/IbTaTbl aHAIN3a KOMILIEKC- Pesiome. ¥ craTTi npencrasieHo pesyabTaTh aHali3y KOMII-

HOTO0 JTydeBoro oocnenoBanust 250 G0TbHBIX C MBIIIIEYHO-MHBA3MBHBIM ~ JIEKCHOTO TIPOMEHEBOTO 00cTexkeHHsS 250 XBOpUX Ha M’SI3€BO-
PaKOM MOYEBOTO My3bIpsi, KOTOPBIH B 75 cydasix ycyryouscsl ypere- — iHBa3MBHMI pak CEYOBOIO MiXypa, SKUii B 75 BUTIaKaX YCKIaIHUBCS
porunpoHedpozoM. M3yueHbl BO3MOXKHOCTA MArHUTHO-PE30HAHCHOW  ypeTeporiapoHedpo3om. BuBueno moximBocti MP-yporpadii 3
yporpacdui ¢ UCTIOJIb30BaHWEM IMapaMarHeTUUECKMX KOHTPACTHBIX — 3aCTOCYBAaHHSM IapaMarHETMYHUX KOHTPACTHUX 3aco0iB Ta ¢op-
BeLLECTB 1 (hOPCUPOBAHHOTIO IMype3a B IMarHOCTHKE aHATOMO-(DYHK- ~ COBAHOTO Jliype3y B AiarHOCTHIII aHAaTOMO-(YHKI[IOHAJIbHUX 3MiH
LIMOHAIBHBIX U3MCHEHMI BEPXHUX MOYCBBIBOISIIIMX ITyTEHA. BEPXHiX CCUOBUBITHMX IUISAXiB.

KiroueBble cjioBa: MbIIIEUHO-UHBA3UBHbBIA pakK MOYEBOro KumiodoBi ciioBa: M’si3eBO-iHBa3UMBHUI paK CEYOBOTO Mixypa,
My3bIpsi, aHATOMO-(GYHKIIMOHAIbHBIE U3MEHEHUS] BEPXHUX MOUYE-  aHATOMO-(GYHKIIOHATbHI 3MiHU BEPXHiX CEYOBUBIIHUX LUISXIB,
BBIBOISIIMX ITyTEl, JTy4eBbIe METOIbI TMAarHOCTMKHM, MarHUTHO-  TIPOMEHEBi METOIM NiarHOCTUKM, MarHiTHO-pPe30HAHCHA yporpa-
pe3oHaHcHas yporpadusi, ITMarHoCTUKa ypeTeporuapoHedpo3sa. (i, miarHoCTHUKA ypeTeporinpoHedposy.
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