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ent a case of a patient with a horseshoe kidney, in which the urine outflow from the right
part of the kidney was blocked due to the presence of a bladder tumour infiltrating the
ureter. Perfusion disorders in both parts of the kidney, visible in computed tomography,
were partially reflected in the ultrasound image. Conclusions: Doppler ultrasound and
contrast-enhanced ultrasound may be useful for monitoring perfusion disorders in the
course of obstructive uropathy, provided that appropriate methodology is developed to

B compare blood flow in both kidneys.

Introduction

Contrast-enhanced ultrasound (CEUS) is increasingly used
in clinical practice. Apart from its application in the assess-
ment of the liver and the spleen, the method is also used in
the diagnosis of renal pathology!-©.

Case report

A 74-year-old patient burdened with multiple medical
conditions (obesity, type 2 diabetes, myocardial infarc-
tion and chronic kidney disease with creatinine levels of
approximately 1.6 mg%; eGFR 30 mL/min/1.73 m? for
several years) was admitted to the surgical department
due to abdominal pain and general weakness. Abdominal
tenderness, guarding and resistance in the right iliac fossa
were found on palpation. Renal function was impaired
(creatinine levels of 3.2 mg%, eGFR 13 mL/min/1.73 m?,
urea 122 mg%, no electrolyte disorders, CRP 189 mg/L

(N: 0-5 mg/L) with preserved diuresis (about 1.5 litres per
day). Ultrasound (GE Logiq S8, USA) revealed a horseshoe
kidney and a dilation of the right renal pelvis to 25-30 mm.
In addition, there was a small calculus in the left part of the
kidney. The evaluation of the urinary bladder was difficult
due to the presence of a Foley catheter.

On the next day, a multiphase CT scan (GE Revolution CT,
USA) of the abdomen was performed. Fat stranding was
found around the aorta, the origin of the mesenteric artery
and accessory renal arteries. The horseshoe kidney was
placed low - the isthmus was below the inferior mesen-
teric artery origin. The right renal pelvis was dilated to
29 x 37 mm. The right side of the kidney showed weaker
contrast enhancement (Fig. 1 and Fig. 2). Several calculi
were found in the left part of the kidney (Fig. 3 and Fig. 4).
In the right part of the urinary bladder there was a non-
enhancing lesion. Additionally, colonic diverticulosis was
found. On day 4 of hospitalization, renal CEUS was per-
formed. 4.8 mL of SonoVue was administered as a single
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Fig. 1. CT image of the abdominal cavity in the arterial phase (acqu-

isition approximately 20 seconds after intravenous injection of
contrast agent) — clearly weaker enhancement of the cortex of

the right part of the horseshoe kidney (45 vs 93 HU). The pelvi-
calyceal system of the right part of the kidney is widened (arrow)

2502
Rot 0.50s/HE+ 39.4mmirat
0.8mm 0.984:110.62sp ROI 3: 44.8mm2 m=82 Av=131.6
Tilt: 0.0 RO 4: 44.6mm2 m=107 Av=164.2

11:18:35 AW

Fig. 2. CT image of the abdominal cavity in the parenchymal phase
(acquisition approximately 50 seconds after intravenous in-
jection of contrast agent) — weaker enhancement of the cortex
of the right part of the horseshoe kidney persists (132 vs 164
HU). Visible dilatation of the right pelvis of the kidney (arrow)

bolus with saline flush intravenously (Bracco, Italy). There
was a slight further dilation of the pelvis in the right part
of the kidney (29 x 39 mm). Doppler ultrasound showed
increased flow resistance in the corticomedullary border
to 0.76 on the right and 0.72 on the left. The enhancement
curves from both parts of the kidney were similar with a
slightly delayed inflow and outflow of contrast in the right
part. The renal pelvis did not enhance and was used as a
reference point (Fig. 5, Fig. 6, Fig. 7). The urinary blad-
der remained difficult to fully evaluate. The patient was

Fig. 3. 3d reconstruction of the CT image of the abdominal cavity in
the arterial phase — weaker enhancement of the cortex of the
right part of the horseshoe kidney. A calculus in the left part of
the kidney (arrow). 4 renal arteries supply the kidney

treated conservatively (fluid therapy, broad-spectrum
antibiotic therapy, thromboprophylaxis, insulin therapy)
with a slight improvement of renal function (eGFR 28 mL/
min/1.73 m?). On day 10, the patient was transferred to
the Urology Department. Endoscopy of the urinary bladder
showed a tumour infiltrating the ureter. A ureteral catheter
(Double J) was inserted into the renal pelvis on the right
side, which restored urinary outflow and resulted in clini-
cal improvement. The patient refused surgical treatment
for a bladder tumour and still remains under observation.

Discussion

In addition to morphological evaluation, renal blood flow
and glomerular filtration (GFR) are assessed to monitor
pathology, regardless of the underlying cause. The possi-
bilities of assessing renal perfusion in US, CT and MRI are
not fully understood and validated"’?. Contrast-enhanced
CT is widely used in this area. However, a CT scan involves
exposure to radiation (which is especially important in
multiphase protocols) and administration of a nephro-
toxic iodine contrast agent, therefore it cannot always be
performed®.

Reduced renal blood flow and glomerular filtration rate
manifest in a CT image as weaker enhancement of the
renal parenchyma®?. Obstruction of urine outflow results
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Fig. 4. CT image of the abdominal cavity in the excretory phase
(acquisition approximately 7 minutes after intravenous injec-
tion of contrast agent) — A 3d reconstruction shows lack of uri-
ne excretion from the right part of the kidney, left pelvicalyceal
system enhances strongly. The non-enhancing region in the
bladder corresponds to a tumour infiltrating the right ureter

in weaker contrast enhancement of the kidney and delayed
contrast agent passage into the urine (without the possibil-
ity of precise quantification)®. Renal artery stenosis also

results in a reduced enhancement of the renal parenchyma,
with the difference that in the arterial phase it is usually
possible to quantify the degree of stenosis, and in the excre-
tory phase there is a discernible passage of the contrast
agent into the urine (without a possibility of accurate quan-
tification). Atherosclerotic calcifications or aortic stents
may impede the assessment of arterial stenosis!"®. There
are situations when weaker kidney contrast enhancement
is an incidental finding and a multiphase exam is not avail-
able. In the described case, weaker enhancement of the
right part of the kidney was found in all phases of CT, renal
artery stenosis was excluded and no contrasting urine was
excreted from the right part of the kidney, which suggested
the diagnosis of obstructive uropathy.

Contrast-enhanced ultrasonography is a recognized
method for the assessment of kidney lesions and perfusion
disorders resulting from impaired patency of the renal ves-
sels@ #1012 Modern ultrasonography contrast agents persist
in the vessels, without interstitial diffusion and glomerular
filtration. They are useful in the assessment of renal perfu-
sion. The use of modern ultrasonography in the assessment
of glomerular filtration disorders is difficult to validate
because of the method limitations”’. CEUS is based on non-
linear echo amplification, which complicates the necessary
image correction resulting from anatomical conditions and
the characteristics of the tissues in the examined area. In
this case, ultrasound attenuation cannot be compensated
with standard algorithms such as time gain compensation.
Moreover, there is no simple relationship between the con-
centration of the agent and the echo intensity and some
microbubbles are degraded before they reach the assessed
organ®. Kidney enhancement curves represent the influx
peak followed by successive waves of recirculation. During
the examination, only one kidney is imaged, which makes
it difficult to compare the degree of enhancement of one

Fig. 5. Axial ultrasound image of the umbilical region. Visible dilatation of the right pelvis of the kidney (arrow). The location of the aorta
was marked (A)
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Fig. 6. Axial CEUS image of the umbilical region — the enhancement curves from both parts of the kidney are similar in shape - slightly delayed
inflow of contrast to the deeper right part of the kidney (blue vs red curve). The dilated renal pelvis (reference point — yellow curve) is

not enhanced
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Fig. 7. An axial CEUS image of the umbilical region in the late phase — the enhancement curves from both parts of the kidney are similar in
shape same as in the early stages — slightly delayed outflow of contrast to the deeper right part of the kidney (blue vs yellow curve)

kidney with the another one and assess the influence of and flattening of the flow spectrum curve in patients with
systemic conditions. Despite the described problems with  renal arterial stenosis are observed in Doppler examina-
the validation of CEUS, it was possible to establish that tions!?. It has been already proven that reduced perfusion
renal artery stenosis extends the time of contrast flow due to obstruction of urine outflow from the pelvicalyceal
into the kidney™. Prolongation of the acceleration phase system increases the peripheral resistance in the vascular
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bed of the kidney, which is reflected in an increase in the
resistive index (RI), while the acceleration phase remains
normal®"'?, Doppler exam complements the information
obtained from the CEUS enhancement curve analysis.
However, it should be noted that the flow spectrum reg-
istration in the kidney using the Doppler technique is not
always possible, especially in obese or severely ill people®.

The unique anatomical situation of the horseshoe kidney
with partial obstruction of the pelvicalyceal system allowed
for a simultaneous assessment of both parts of the kidney
and the propagation of the contrast agent.

The degree of parenchymal enhancement in CEUS is simi-
lar in both parts of the kidney and the shape of both curves
is similar, presenting no changes characteristic of arterial
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