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Role of Technetium-99m-Ethylenedicysteine in the Calculation of
Differential Renal Function: A Comparison Study with Dimercaptosuccinic

Acid Renal Scintigraphy

Abstract

Purpose of the Study: The aim of our study was to compare the technetium-99m
(Tc-99m)-ethylenedicysteine (EC) renography calculation of differential renal function (DRF)
with this measurement using Tc-99m-dimercaptosuccinic acid (DMSA) scintigraphy.
Materials and Methods: Patients referred to our department were included in our study, and both
DMSA and EC scans were performed for each patient according to the standard imaging protocols.
A checklist was filled for each patient. Statistical analysis was performed using correlation and
regression methods. Results: Forty-two patients (mean age: 3.6 + 3.4 years), including 32 boys
and 10 girls, participated in our study. The results of EC scintigraphy were significantly correlated
with the values of DMSA scintigraphy (P < 0.001). Performing linear regression, EC renography
significantly (P < 0.001) predicted the DRF as it was calculated by DMSA scintigraphy (R> = 0.92,
P < 0.001). This test was significant in both male and female subgroups (P < 0.001).
Conclusions: Overall, our study findings were similar to the reported results in the other reviewed
studies, showing that Tc-99m-EC can be considered as an alternative for DMSA scintigraphy,
providing interchangeable results.

Keywords: Differential renal function, technetium-99m-dimercaptosuccinic acid,
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Introduction (Tc-99m) in the 1990s, introduced as an
alternative to orthoiodohippurate, several
studies were performed to understand the
advantages of using Tc-99m-EC in renal
nuclear imaging. As the initial studies
showed, Tc-99m-EC is a high-quality agent
in renal imaging compared to other agents
and, regarding its clearance route, yields a
close approximation of the effective renal
plasma flow and renal function compared
with the gold standard.”

Obstructive uropathy is a condition in which
urine flow is obstructed on the way reaching
the bladder.! This obstruction, with any
degree of existence and its causes including
mechanical or nonmechanical -etiologies,
can result in renal hydronephrosis. There
are different available methods to detect
and evaluate this condition in children.

Since the 1970s, diuresis renography
has been shown as a potent tool in the
evaluation of hydronephrosis alongside
other modalities in pediatrics, illustrating
the drainage of the hydronephrotic kidney,

In current centers’ setting worldwide,
Tc-99m-mercaptoacetyltriglycine  (MAG3)
and Tc-99m-dimercaptosuccinic acid

as well as calculating differential renal (DMSA)  are  the common  agents
function (DRF).2 To achieve this goal, used to perform radionuclide renal
there are various available radiotracers with ~ scintigraphy.®  Tc-99m-DMSA  yields

the highest sensitivity in detecting renal
parenchymal abnormalities, and there
is a broad consensus that it is the most
appropriate tracer for cortical scintigraphy.?!
However, the features of tubular fixation
and strong plasma protein binding of this
radiotracer result in high radiation dose in

various characteristics. These differences
made centers to seek the agent of choice
to reach maximum imaging yield in their
setting.

After preparation of L, L-ethylenedicysteine
(EC) complex with technetium-99m
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comparison with other tracers (e.g., DMSA whole-body
dose of 1.60 mGy/MBq against 0.25 mGy/MBq in MAG3
scintigraphy).l? Using Tc-99m-EC, both advantages of
high-quality imaging and low radiation dose can come
together.

In this study, the estimation of DRF utilizing Tc-99m-EC
was compared with Tc-99m-DMSA in children with
obstructive and  nonobstructive  hydronephrosis  to
investigate the accuracy of Tc-99m-EC.

Materials and Methods

This study included 42 children with obstructive and
nonobstructive hydronephrosis who entered the Pediatric
Nephrology Department of Ali Asghar Children’s Hospital
of Tehran, Iran, in a l-year period. Patients with single
kidney, horseshoe kidneys, duplication in collecting systems,
and renal agenesis were excluded from the study. A checklist
containing age, gender, height, weight, anteroposterior
pelvic diameter at the time of diagnosis, renal parenchymal
thickness, presence of mechanical obstruction, posterior
urethral valve, presence of reflux/pyelonephritis, and received
medications was filled for each patient. Hydronephrosis
grading was performed using the renal pelvis anteroposterior
diameter as three different grades including mild (<7 mm),
moderate (7-10 mm), and severe (>10 mm).

Both Tc-99m-DMSA and Tc-99m-EC scans were
performed within 2 weeks using a single-headed ADAC
gamma-camera equipped with a (Low Energy All Purpose)
LEAP collimator. Before diuretic renography, the patients
were advised to drink water (10 ml/kg body weight) to
be well hydrated. Standard imaging was performed in
the posterior view after administration of 3.7 MBq (0.1
mCi)/kg body weight of Tc-99m-EC. F + 20 protocol was
adopted and 1 mg/kg of furosemide was intravenously
injected 20 min after the radiopharmaceutical region of
interest (ROI) for kidneys was drawn on the 2-3 min
frame of the study by an experienced technologist
encompassing the entire kidney and the background
ROI was drawn automatically. This measurement was
repeated two times, and the average of measures was
registered. Two hours after intravenous injection of the
Tc-99m-DMSA (55.5-74 MBq; 1.5-2 mCi), imaging
with a gamma-camera was performed in four standard
views (anterior, posterior, right posterior oblique, and
left posterior oblique). Predefined 700,000 counts were
taken for each view. Whole-kidney ROIs were drawn by a
skilled technologist, and crescent background ROIs were
drawn inferolateral to each kidney. DRF was calculated
based on the geometric mean method in two consecutive
times, and the average figure was taken into account. In
the analysis phase, the DRF calculated by Tc-99m-EC
was compared to the measurement by Tc-99m-DMSA.
Statistical analysis was performed by an experienced
researcher using SPSS so ftware (IBM SPSS Statistics
for Windows , Version 25 .0. Armonk, NY : IBM Corp).

Spearman correlation analysis and linear regression were
used, and P < 0.05 was considered significant.

Results

Forty-two participants with a mean age of 3.6 + 3.4 years
(ranging from 1 month old to 12 years old) including
32 boys (76.2%), with a mean age of 4.1 + 3.6 years,
and 10 girls (23.8%), with a mean age of 2 + 2.2 years,
participated in our study. DRF was calculated for each
child using Tc-99m-EC and Tc-99m-DMSA. The details
are shown in Table 1. Twenty-four patients (57%) had
one-sided hydronephrosis, whereas 18 (43%) ones had
bilateral hydronephrosis. Figure 1 shows the right kidney
renal function calculation using DMSA scintigraphy
against what we observed in our study after performing EC
scintigraphy in each case. Figure 2 is the Bland—Altman
plot of this comparison. Using Spearman (nonparametric)
correlation, there was a significant correlation between

Table 1: Frequency table of ethylenedicysteine
scintigraphy and dimercaptosuccinic acid scintigraphy
showing number of patients, mean, standard deviation,

and range of measurements
n  Mean=SD Range
(%) (%)

Right kidney function (Tc-99m-EC) 42 50421.2 96.4
Right kidney function (Tc-99m) 42 50+18.2 96.4
Right kidney function (Tc-99m-EC) 32 50+18.7 96.4
DMSA - male

Right kidney function (Tc-99m-DMSA) 32 50+16.9 96.4
- male

Right kidney function (Tc-99m-EC) 10 50+£29.2 85
-female

Right kidney function (Tc-99m-EC) - 10 50+£22.9 67.7
female

EC: Ethylenedicysteine, DMSA: Dimercaptosuccinic acid, SD:
Standard deviation

Normal P-P Plot of Regression Standardized Residual

10 o

% of total renal function- DMSA scan
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Figure 1: Plot of measured renal function of the right kidney of each patient
with ethylenedicysteine scintigraphy versus dimercaptosuccinic acid
scintigraphy in children (n = 42)
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Figure 2: Comparisons of differential renal function calculated
by technetium-99m-ethylenedicysteine and technetium-99m-
dimercaptosuccinic acid, using the Bland—Altman plot (n = 42)

EC scintigraphy and DMSA scintigraphy measurements
in terms of DRF (r, = 0.92, P < 0.001). This correlation
was also significant in each gender, showing a ratio of
0.83 (P < 0.001) and 0.98 (P < 0.001) in males and
females, respectively. Performing linear regression, EC
scintigraphy significantly (P < 0.001) predicts the DRF
as it was calculated by DMSA scintigraphy (R> = 0.92,
P < 0.001). This test was significant in both male and
female subgroups (P < 0.001). Regarding the effect of
one-sided and bilateral hydronephrosis on EC scintigraphy
measurements, the Spearman’s ratio and linear regression
remained significant in predicting the renal function when
DMSA scintigraphy sets as the standard test (P < 0.001 for
both analyses).

Discussion

Evaluation method of renal function is an important
part of studying hydronephrosis in children. Nuclear
renography is an adjunct test in this field to calculate DRF
and the obstruction severity.”! It is also an indispensable
technique for following up patients and tracking their
kidney function.®® Tc-99m-DMSA, a tubular agent,
provides a high-quality illustration of the renal parenchyma
and cortical scars. However, there are drawbacks in
its administration such as high radiation dose and long
biological half-life which limit its usage. To search for
alternative agents with high-quality imaging properties
and low radiation dose, several studies have been
performed. Tc-99m-EC is one of the reliable radiotracers
with acceptable count statistics and excellent image
quality,””? which can be comparable with Tc-99m-DMSA
in terms of calculating DRF. Buyukdereli and Guney”
studied 124 kidneys of 64 patients, who had various renal
disorders, with a mean age of 5 years. The results showed
a highly positive correlation between DRF measured
by EC renography and DMSA scintigraphy (R = 0.91,
P =0.001). Kibar et al. ! by studying 29 children, reported

that the sensitivity and specificity of the EC renography
in detecting renal parenchymal defects, comparing with
DMSA scintigraphy, to be 92.6% and 100%, respectively.
They found a close correlation of measured DRF between
these two different methods. Mohammadi-Fallah et a/.'!
reported specificity and positive predictive value of 100%
for EC scintigraphy in their study and concluded that
EC scan is a reliable alternative of DMSA scintigraphy.
Domingues et al!'?! analyzed 111 patients and found that
the DRF measured by EC scintigraphy was close to values
obtained by Tc-99m-DMSA with no significant difference.
Raja et al.™ showed that scintigraphy findings using EC
were significantly correlated with DMSA imaging findings
and the DRF measured by these methods could be reported
interchangeably. Atasever et al.,'¥! by studying patients
with acute pyelonephritis, reached the conclusion that
EC scintigraphy measurements were reliable according
to DMSA renography as a gold standard. Results of the
mentioned studies were similar to our study findings,
showing that Tc-99m-EC can be considered as an alternative
for DMSA scintigraphy, providing lower radiation dose and
interchangeable results. On the other hand, although Yapar
et al™ found a high correlation between EC images and
DMSA study in terms of DREF, they reported that DRF
measured by EC scintigraphy was underestimated in their
study.

Conclusion

All in all, after studying 42 patients with hydronephrosis
and reviewing articles in this field, we concluded that
DMSA scintigraphy, as a gold standard and with its
advantages, is a method which can be replaced by EC
scan because of its significantly close approximation in
measuring DRF. However, our study had limitations which
can be resolved in future studies. The main weakness of
our study was the population size which should be larger in
order to perform further analyses (e.g., interpreting results
in each grade of hydronephrosis). In addition, the number
of detected renal defects could be included to calculate the
performance statistics of EC scintigraphy.
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