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Evaluation of Renal Function in Obstructed
Ureter Model Using 9mTc-DMSA
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Abstract. Background/Aim: Urinary obstruction is a
condition of impaired urinary drainage, which may result in
progressive renal deterioration. This study applied 9omTe.
labeled  dimercaptosuccinic  acid ( 99mT.-DMSA ) renal
scintigraphy to a rabbit model of right ureter obstruction and
evaluated its utility in studying obstructive renal diseases.
Materials and Methods: Complete unilateral ureter obstruction
in rabbits was generated by complete ligation of the right
ureter. Renal function was investigated during a 4-week post-
obstruction period by obtaining planar images of *"Te-DMSA
activity following ear vein injection. Renal blood perfusion was
evaluated by non-invasive scintigraphy in conjunction with
parallel histological and hematological examinations. Results:
Renal perfusion was remarkably and rapidly reduced in the
ureter-obstructed kidneys. During the experimental period, the
size of left kidney appeared normal in the scintigraphic images,
but the ureter-obstructed right kidney progressively became
larger. Histopathological examination showed flattening and
atrophy of tubules, enlargement of interstitial areas,
accumulation of extracellular martices and infiltration of
inflammatory cells in the obstreucted kidney. Conclusion:
99mTe-DMSA scintigraphy is a sensitive, non-invasive method
to assess renal function in unilateral kidney diseases.

Ureters are fibromuscular ducts that carry urine from the
kidney to the urinary bladder. Movement of urine occurs by
peristaltic activity, which is transmitted from one muscle cell
to the next. Urinary obstruction is a common clinical problem
and a frequent cause of renal impairment (1). Renal
dysfunction can involve progressive structural changes that
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can occur in a variety of glomerular disorders, including
pyelonephritis, urinary tract obstruction, and renal
malfunction. Renal function can be estimated by performing
renal scintigraphy using various radionuclides, such as 9ome.
labeled dimercaptosuccinic acid (P9MTc-DMSA), 99mTc-
labeled mercaptoacetyltriglycine (**™Tc-MAG3), and 2™ Tec-
labeled diethylenetriaminepentaacetate (°MTc-DTPA) (2).
Other non-invasive modalities and procedures for determining
renal function include computed tomography (CT)-based
angiography (3), dynamic contrast magnetic resonance (MR)
urography (4), and diffusion-weight MR imaging (5). When
assessing renal disease, it is important to consider various
functional parameters, which reflect the administered
radiopharmaceutical and the underlying disease status (1).
Kidney scans are often performed to determine differential
renal functioning in patients undergoing urological surgery (4).
Kidney scintigraphy involves the use of a radiological
technique referred to as nuclear medicine. Nuclear medicine
is a type of diagnostic radiology that can provide detailed
physiological information on disease processes. The nuclear
medicine technique usually involves the administration of
radionuclides attached to drugs that move to specific organs
within the body. The administered radionuclides emit gamma
rays, that can be imaged using a specialized gamma camera.
Organ functioning can be determined by assessing the
positions and relative amounts of the radionuclides within
the organ of interest. In renal scintigraphy, the amount of
radionuclides extracted from the blood by the kidney is
proportional to the level of renal function and is calculated
as the glomerular filtration rate (GFR). Other imaging
techniques such as diagnostic radiology and ultrasound are
useful in determining the structural or anatomic details of the
kidney, but neither technique measures renal function.
Quantitative renal scintigraphy is distinct as it allows rapid,
non-invasive measurement of renal function in awake animals.
The quantitative renal scintigraphy protocol requires the patient
to lie down for less than 10 min. Once the radionuclide is
injected, images of the kidneys are acquired with a gamma
camera and stored on a nuclear medicine computer for later
analysis. The computer can determine the GFR of each kidney
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Figure 1. Renal scintigraphy results in a rabbit model with right ureter obstruction after bolus injection of 99mTc-DMSA. (A) A posteroanterior

view shows regions of interest drawn for both kidneys. (B) Time-radioactivity curves for left (green curve, dotted line) and right (red curve) kidneys.

by measuring the amount of radionuclide taken up by the
individual kidney (1). Kidney scintigraphy has been widely
used in human medicine for decades and is now a useful
clinical tool for assessing renal function in animals. Kidney
disease is one of the most common illnesses affecting
veterinary patients. Many conditions can affect the kidney,
including infection, neoplasia, cysts, kidney stones, toxin
exposure, and various inflammatory diseases. Successful
management of these diseases depends, in part, on the ability
to assess changes in the extent of the disease or condition after
treatment. Blood and urine tests can measure overall kidney
function but are not able to measure individual kidney function.
In some cases, the ability to measure individual renal function
is critical, as such cases can include an expectation of
nephrotomy or nephrectomy. Under normal conditions, animals
have sufficient renal function to survive with only one
functioning kidney. Unfortunately, this does not necessarily
apply to individuals with renal diseases. Knowledge of the
level of function of the individual kidneys can have a
significant effect on plans to surgically remove kidney stones
or an entire kidney damaged by an infection or tumor. In such
cases, quantitative renal scintigraphy can assess the level of
renal function that may persist after such surgical procedures.
Quantitative renal scintigraphy does not require sedation or
general anesthesia and can be performed on an outpatient basis.

Use of **™Tc-labeled compounds, such as **™Tc-MAG;,
99mTe DTPA, and 2°™Tc-DMSA, has kidney
scintigraphy a useful nuclear medicine assessment method (7).
Of these, ™Tc-DMSA is considered to be the most reliable
when measuring renal function (8). However, 99mT. pMSA
has disadvantages, such as relatively high radiation dose and
time consumption compared to those of 99mTe_DTPA or

made
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9MTc-MAG; Renal scintigraphy with **™Tc-DMSA is
widely used to evaluate renal function in humans; however,
its use in animal models of renal disease is currently limited.

In this study, we evaluated the usefulness of applying
99mTc_DMSA renal scintigraphy to a rabbit model of
obstructive renal disease. The animal underwent complete
ureter obstruction. The purpose of this study was to assess
non-invasive scintigraphy as a method to examine renal
function. To support the scintigraphy results, parallel
histological and hematological examinations of unilateral
ureter-obstructed rabbits were performed.

Materials and Methods

In vivo study. Ten 12-week-old male New Zealand white rabbits
weighing 2.7-3.5 kg were randomly divided into two groups: saline-
injected control group (n=5) and 9°mTc-DMSA-injected group
(n=5). Each rabbit was maintained in a seperate cage in an air-
conditioned room (temperature 20+2°C, humidity 40~60%) with
illuminatation starting from 08:00 a.m. (temperature 20+2°C). The
purpose of this study was to assess non-invasive scintgeneral
anesthesia before the proximal part of the right ureter was ligated
with 2-0 silk at two places adjacent to the renal pelvis.

Scintigraphic evaluation. Scintigraphy was performed before
surgical intervention, and at O, 1, 2, 3, and 4 weeks after right ureter
ligation. Data were obtained using a dual-head gamma camera with
CT capacity (Infinia Hawkeye, GE Co., USA). Scintigraphy was
performed at 2 h and 5 h after ear vein injection of 3 mCi 99™mTc-
DMSA or saline. Scintigraphic images were recorded every 2 sec
for 1 min and, after that, every 1 min for 25 min. To calculate the
percentage of relative renal function, regions of interest (ROIs) were
drawn around each kidney on both anterior and posterior images of
a 99mTc-DMSA static scan as well as around the background areas
around each kidney (Figure 1A).
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Table 1. Comparison of weight, width, height, and thickness of kidneys
in rabbits with and without right ureter obstruction at 4 weeks after
surgical intervention.

Table I1. Temporal changes in blood urea nitrogen and serum creatinine
levels in rabbits with right ureter obstruction.

Item Weeks after obstruction
Ureter Weight Width Height Thickness
(2) (cm) (cm) (cm) 0 1 2 3 4
Normal 10.88+0.40 2.69+0.52 3.50+0.88 2.23+0.19 Blood  22.08+0.21 32.93+1.47 20.70+0.19 23.18+0.07 23.63+0.10
Obstructed  17.91+0.79* 3.48+0.38 444+1.16%  2.53+0.26 urea
nitrogen
Values are presented as means+S.D. (n=5). *p<0.05. (mg/ml)
Serum 1.29+025 245+1.15 147024 147006 1.47+0.15
creatinine
(mg/ml)

Clincopathological evaluation. At intervals during the 4 weeks of
scintigraphy and commencing on day 1 after surgical intervention,
blood samples were taken to determine blood urea nitrogen (BUN)
and creatinine levels. Serum was obtained following centrifugation at
1,008xg for 10 min. At 4 weeks after ureter ligation, all rabbits were
euthanized and the kidneys removed followed by overnight fixing in
10% buffered formalin. Subsequently, paraffin tissue sections were
stained with hematoxylin and eosin using standard procedures.

Statistical analysis. Statistical analyses were performed using SPSS
software (version 19.0.1.1; IBM SPSS Statistics for Windows; IBM
Corp., Armonk, NY, USA). Data are presented as mean+standard
deviation (S.D.) values. Normality and homogeneity of the data
were confirmed before performing an analysis of variance
(ANOVA). Differences among experimental groups were assessed
by performing one-way ANOVA followed by Duncan’s multiple
range tests. Null hypotheses of no significant difference were
rejected if the obtained p-values were less than 0.05.

Results

99mTe_DMSA renal scintigraphy. The quantitative analysis
included calculation of both kidney and background area. All
kidneys were pea-shaped. The left kidney was observed to
maintain a consistent size during the experimental periods,
but the obstructed right kidney became progressively larger.
Imaging results showed that the left kidney was
approximately the same size each week, but the right kidney
was different each week. The right kidney at 4 weeks post-
surgical intervention exhibited hydronephrosis (Figure 1A).
Following ureter obstruction, uptake of *™Tc-DMSA in the
onstructed right kidney was less than that in the left kidney.
Time-radioactivity curve analysis showed radiopharmaceutical
uptake in both kidneys after bolus injection of **™Tc-DMSA.
An abnormal curve was observed in the obstructed right
kidney, exhibiting a relatively small peak at about 2 min post-
injection followed by prolonged, slowly decreasing level
(Figure 1B). At 4 weeks after ureter obstruction, the obstructed
right kidney had increased in size with its weight and hight
significantly greater than those of the lefet kidney (Table I).

Clinicopathological results. BUN and serum creatinine levels
were higher one week after performing right ureter

Values are presented as means+S.D. (n=5).

obstruction, but the increases were not significantly different
form the before obstruction levels (Table II). Histopathological
examination at 4 weeks post-obstruction showed tubular
flattening and atrophy, enlargement of the interstitial region,
extracellular matrix accumulation, and inflammatory cell
infiltration. The tubulointestitial region of the ureter-obstructed
right kidney appeared markedly degenerated, but no apparent
structural changes were observed in the contralateral kidney
(Figure 2).

Discussion

Urinary obstruction can result from a wide range of congenital,
intraluminal, parietal, and extrinsic diseases that affect the
urinary tract. In both the early stages and during follow-up of
urinary obstruction, renal function should be assessed (9). Non-
invasive means of determining the renal function level of
individual kidneys would be advantageous during planning for
surgical intervention or medical management of renal diseases.
Several studies have shown a rapid decrease in glomerular
filtration rate (GFR) in ureter-obstructed animals. RBF values
in a dog model of ureter obstruction showed that RBF was
transiently increased at 0-90 min post-obstruction and then
gradually decreased (10). In the present study, GFR was
reduced in the obstructed right kidney, but no change was
observed in the contralateral left kidney. These results are
consistent with the GFR results reported for rats and dogs with
unilateral ureter obstructions (11, 12).

The **™Tc-DMSA is mainly bound to serum proteins (13)
and enters proximal tubular cells either via glomerular
filtration followed by re-absorption or by direct uptake from
peritubular capillaries. The radionuclide **™Tc emits gamma
rays with an energy of 140 KeV and has various diagnostic
purposes. Radionuclide ?°™Tc has excellent physical
properties for nuclear medicine imaging when used with a
gamma camera, and is particularly useful for assessments
using gamma camera with thin crystals that absorb more than
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Figure 2. Microscopy image showing cell bodies in renal tubules (A, arrow) and glomerular condensation and pyknosis (B, arrow head). H&E stain,

magnification x200.

90% of the radiation. Due to the half-life features of *°™MTc,
a low level of radioactivity can be injected, but a high-density
image can be obtained. However, the quality of **™Tc-DMSA
can be affected by many factors, including chemical purity
and stability, manufacturing procedure, and radionuclide and
radiochemical purity of the **™Tc-eluate (1).

Renal function can be accurately assessed by using
PmMTe-MAG3, ?MTc-DTPA, or ™Tc-DMSA, and selection
of appropriate agents can be based on biological properties,
such as renal excretion mechanism and renal cell retention
(1, 13), radioactive material and bound plasma-protein and
plasma-clearance levels (13, 14). Among these agents,
99mTc_DMSA has been considered the most reliable method
for measuring relative renal function (15), whereas, the most
suitable tracer for renal cortex imaging remains under
consideration (16). Previous studies have revealed that renal
disease is affected by various factors, including age, time
from diagnosis to initiation of bacterial therapy, urinary tract
anomalies, recurrent infections, and the presence of bladder
dysfunction (17). In our study, the right kidney showed
hydronephrosis following right ureter ligation in rabbits.
Hydronephrosis can result from several diseases, and
conditions often associated with unilateral hydronephrosis
include acute unilateral obstructive uropathy, ureter
obstruction due to scars, tumors and uroliths, chronic
unilateral obstructive uropathy, vesicoureteric reflux illness,
and kidney stones. Unilateral hydronephrosis is revealed by
imaging methods such as abdominal MR imaging, renal or
abdominal CT scanning, venous pyelography, and renal or
abdominal ultrasonography. However, these methods cannot
evaluate the functioning level of individual kidneys.
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Histopathological evaluation of renal parenchyma can be
an objective method of predicting renal function. In our
study, renal parenchyma showed a minimal degree of
interstitial inflammation with mild dilation of the collecting
tubules and Bowen’s space. These results indicate that the
renal functioning of the rabbits with an obstructed ureter was
impaired. Urinary tract obstruction is usually caused by
urolithiasis, metastatic cell carcinoma and tumors, enlarged
lymph nodes, or external compression by peritoneal fibrosis
(18). Bilateral urethral obstruction can lead to elevated serum
creatinine levels (19), but unilateral urethral obstruction may
result in normal serum creatinine levels if the contralateral
kidney can excrete the daily amount of nitrogen waste (20).
Our study showed that at one week after right ureter
obstruction, BUN and creatinine levels were slightly higher
than normal levels. However, these changes were not
statistically significant. During the 4 weeks of the
experiment, the left kidney continued to function normally.

In the present study, a time-radioactivity curve showed
radiopharmaceutical radioactivity uptake after bolus injection
of ™Tc-DMSA. The radioactivity curve in the unobstructed
left kidney exhibited a marked increase at approximately 2-4
min and then gradually declined. However, the radioactivity
curve in the obstructed right kidney rose to a peak level at
approximately 2 min and then maintained a similiar but slightly
decreasing level for the reminder of the assessment period.
Regardless, no significant difference in radiopharmaceutical
uptakes of MTc-DMSA in the right and left kidneys was
detected.

This study examined renal uptake of %™Tc-DMSA and
analyzed hematological and histological results in individual
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kidneys in a rabbit model of right ureter obstruction. The results
suggest that 7™Tc-DMSA scintigraphy can be a sensitive, non-
invasive method of renal function in unilaterally obstructed
kidneys.
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