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Abstract

Background: There are some problematic results in deter-
mination of differential renal function (DRF) by means 
of Tc-99m DMSA renal scintigraphy in hydronephrotic 
kidneys. In this study the classical method (CM) and unit 
area methods (UAM) in the estimation of DRF in unilat-
eral hydronephrosis before and after intervention were 
compared.
Methods: Twenty patients (12 M, 8 F; mean: 42.6 ± 18.5 years 
old) who were candidates for surgery or intervention 
because of unilateral hydronephrosis were the subjects 
of this study. All the patients were evaluated by Tc-99m 
DMSA scintigraphy before and 3–6  months after the 
intervention. In order to estimate DRF both CM and UAM 
(obtained by division of the counts including the kidney 
ROI to pixel of the same ROI) were performed. Bland-
Altman analyses were performed in order to compare the 
DRF values obtained from both methods.
Results: The agreement between CM and UAM was poor in 
the preoperative estimation, however, the agreement was 
good after the operation or intervention.
Conclusions: In this study it seems that DRF estimation 
with CM in unilateral hydronephrosis might be problemat ic 
in the determination of surgery thus UAM might be intro-
duced as the method of choice in the determination of 
DRF in unilateral hyronephrosis.
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Introduction
Differential renal function estimation by means of various 
radionuclides has been the determining factor in decision 
to do renal interventions. Thus reliability of the method 
is essential since salvage of the functioning kidney tissue 
depends on the differential renal function (DRF) estima-
tion. Static renal scintigraphy with Tc-99m DMSA has 
been accepted as the gold standard method in the estima-
tion of renal cortical tissue regarding renal scarring and 
the best method to calculate the DRF. DRF evaluation by 
means of the renal nuclides like Tc-99m DTPA, Tc-99m 
MAG3 and Tc-99m EC with similar results is possible. 
Additionally these radionuclides provide information 
about the excretion and concentration functions and diu-
retic response of the obstruction of the kidney. However, 
DRF calculation by both dynamic and static scintigraphy 
has some drawbacks especially in hydronephrosis [1]. In 
fact DRF estimation by means of radionuclide methods 
is problematic and the problem is the enlargement of the 
kidney which influences the reliability of the results. The 
hydronephrotic kidney seems to have increased function 
in comparison to the other healthy kidney which is called 
‘supranormal function’. The supranormal function were 
firstly determined to be a problem related to Tc-99m DTPA 
studies and are not present in Tc-99m DMSA studies [2]. 
However, experimental studies in rats have not confirmed 
the discrepancy of the DRF estimation reported in minia-
ture pigs; the discrepant results in these two studies may 
be related to differences in the kidneys of the rat and the 
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miniature pig [3]. In humans the deficiency of DRF calcu-
lation cannot be attributed to only one radionuclide and 
should not be underestimated. Gungor et al. clearly docu-
mented the influence of kidney size to the DRF estimation 
[4]. Recently, for the first time, as far as we know, Nam 
et  al. introduced unit area estimation with DRF calcula-
tion [5]. However, Nam et al. choose the unit area estima-
tion with nonradionuclide methods (volume calculation 
with BT or MRI) and performed their study in Tc-99m 
DTPA renal studies. The aim of this study is to compare 
the CM and UAM in a prospective study in hydronephrotic 
kidneys before and after intervention.

Materials and methods

Patients
Twenty patients (12 male, 8 female; mean: 42.6 ± 18.5 years old) with 
diagnosis of unilateral hydronephrosis who are candidates for either 
surgery or intervention were included to the study. The patients 
under the age of 18  years old, pregnant or lactating women were 
excluded from the study population. After obtaining anamnesis and 
a physical examination the patients were subjected to further tests. 
The diagnosis of hydronephosis was based on ultrasonography or 
intravenous pyelography results. The patients with unilateral grade 
1–4 hydronephrosis with any etiology were included to the study. All 
the patients were subjected to renal ultrasonography and additional 
intravenous pyelography, computed tomography and magnetic reso-
nance imaging were performed if necessary. Additional urinary sys-
tem pathologies were noted.

Static renal scintigraphy
The DMSA scintigraphies were performed before and 3 – 6  months 
after the surgery or intervention. The surgery or intervention was per-
formed within 1 month after the first scintigraphy. The scintigraphy 
images were obtained by Infinia 2 model SPECT gamma camera (GE 
Medical Systems, Israel) equipped with a low energy high resolu-
tion parallel hole collimator. The imaging was performed in supine 
position with previous intravenous administration of approximately 
5 mCi (187.5 MBq) (according to the body weight) of Tc-99m DMSA 
2–3 h prior to the imaging. Diuretic administration was not performed 
on the patients. The parallel hole images were obtained for 5  min 
in anteroposterior projection and additional pin hole images were 
obtained in posterior and oblique projections for the right and left 
kidneys for 5 min each.

Quantification
Quantification was performed in parallel hole posterior images with 
the Xeleris workstations Renal DMSA Uptake Analysis program. The 
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Figure 1 The image analysis and kidney and background region of 
interests.

age, weight and height of the patients were recorded to the system. 
Renal regions of interest were drawn manually from the borders 
of the kidney and perirenal regions of interest were used for back-
ground substraction (Figure 1). The Taylor method was performed 
for depth correction. The relative renal functions of the kidneys were 
obtained as % percentage.

Two methods were employed for relative renal function estima-
tion:
1. Classical method: % ratio was obtained by subtracting the aver-

age cts/pixel in the background ROI from the average cts/pixel 
in each renal ROI and then multiplying by the total pixels in the 
renal ROI.

2. Unit area method: % ratio was obtained by subtracting the aver-
age cts/pixel in the background ROI from the average cts/pixel 
in each renal ROI and then multiplying by the total pixels in the 
renal ROI. The area of the each kidney was calculated according 
to the pixel information in each kidney ROI. After background 
subtraction the obtained counts of the kidneys were divided 
into the area.

Statistical analysis
In order to compare the classical and unit area methods Pearson 
correlation analysis and Bland-Altman analysis were performed 
and Bland-Altman plots were obtained. Classification of DRF: The 
supranormal function is considered to be  > 55% DRF of the kidney 
with hydronephrosis, where normal function is 45%–55% and abnor-
mal is  < 45%.
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Interventions: Endoscopic ureteral litotomy operation in ten 
patients, nephrostomy operation in four patients and pyeloplasty 
operation in one patient were performed.

Results
All the patients had unilateral hydronephrosis and in 19 
of the patients the etiology was kidney stone disease and 
in one patient the etiology was ureteropelvic junction 
obstruction. The unilateral hydronephrosis included the 
right kidney in nine (%45) and left in 11 (%55) patients. 
The degree of hydronephrosis was between grade 1 and 3. 
Twelve patients had grade 1, six had grade 2 and two had 
grade 3 hydronephrosis (Table 1). The preoperative and 
postoperative mean values of DRF estimations for both 
CM and UAM are summarized in Table 2.

In the preoperative period according to CM there were 
ten patients with abnormal DRF, one with supranormal 
(55% for CM, 51% for UAM); according to UAM there were 
ten patients with abnormal DRF (all were also abnormal 
for UAM) and none with supranormal other patients’ DRF 
results were in normal range.

According to the Pearson correlation analysis rela-
tive renal functions calculated with both methods were 
in strong correlation in both the preoperative and postop-
erative period (r = 0.8411–0.9775, p < 0.0001 and r = 0.9959–
0.9997, p < 0.0001, respectively).

Bland-Altman analysis showed that there was no 
good agreement between classical and unit area methods 
in the preoperative period (Figure 2A) but the agreement 
between methods were good in the postoperative period 
after correction of the hydronephrosis (Figure 2B).

Discussion
Supranormal function has been considered as an arti-
fact or technical problem related to the increased size of 
kidney. Whether the origin of this problem is technical 
or something else it has to be considered as an impor-
tant problem. In a previous study, Capolicchio et  al. 

Table 1 Patient characteristics.

Age Mean:42.6 ± 18.5 years Range:18–76 years

Grade Grade 1: n = 12 Grade 2:n = 6 Grade 3:n = 2
wSide Left:n = 11 Right:n = 9
Etiology Nephrolithiasis:n = 19 UPJ obstruction:n = 1

Table 2 Mean ± SD values of DRF estimation by CM and UAM before 
and after intervention for the kidney with hydronephrosis.

Mean SD n

Preoperative CM 43.01 10.15 20
Postoperative CM 42.90 8.68 20
Preoperative UAM 41.41 9.14 20
Postoperative UAM 42.32 11.43 20

have described the larger size in supranormal function-
ing kidneys rather than other hydroneprotic kidneys [6]. 
DMSA renal scintigraphy has been considered as a less 
invasive tool and a better way of determining the DRF 
changes after an operation [7]. DMSA is a more reliable 
method in DRF estimation and to show subtle changes 
in DRF of kidneys after an operation or in the disease 
course [7]. Animal studies have confirmed DMSA scintig-
raphies may provide DRF estimation with low variation 
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Figure 2 X axis: DRF values, Y axis: 95% CI (confidency interval). 
(A) Bland-Altman plots of the classical and unit area methods in 
preoperative period. (B) Bland-Altman plots of the classical and unit 
area methods in postoperative period.

Unauthenticated
Download Date | 8/12/19 6:14 AM



64      Kepenek et al.: Unit area method in hydronephrosis

[8]. Thus we preferred to perform this study with this 
radiopharmaceutical.

Previously the best method to estimate the DRF has 
been determined as infrarenal background ROI and the 
Rutland-Patlak correction in dynamic renal studies [9]. 
In a previous study various factors that may influence 
the DRF estimation have been considered like the shape 
of background correction ROI, renal ROI and different 
operators. Their results showed that the difficulty appears 
in single or poorly functioning kidneys [10]. This was an 
expected result since in most of the analysis with radi-
opharmaceutics this is what happens with better results 
in normal and variations in abnormal subjects. These 
researchers also have suggested the use of the Rutland-
Patlak plot and perirenal background ROI.

The incidence of supranormal function is between 9% 
and 22% [11]. A previous comparative study with DMSA 
and MAG 3 in patients with unilateral hydronephrosis has 
pointed out that two modalities have significant correla-
tion and good reproducibility [12]. However, performance 
of MAG 3 instead of DMSA in DRF analysis is not recom-
mended by the authors especially for high grade hydro-
nephrosis in infants [12]. There are a limited number of 
studies in the literature about supranormal function esti-
mation of DMSA [2, 4, 6] however, all these studies point 
out the problem especially in high grade hydronephrosis. 
Another solution suggestion has been diuretic administra-
tion during DMSA studies, however, recently this applica-
tion has been proven to be unnecessary [13, 14].

In a previous study researchers defined the effect of 
the size of kidney ROI on the estimation of DRF and they 
have suggested surface area background subtraction to 
prevent the effect of the increased size of kidney ROI in the 
calculation of DRF [4]. Nam et al. proposed a novel method 
in the estimation of DRF associated with the modification 
of the classical method according to the renal cross sec-
tional area and have demonstrated significant differences 
between the methods [5].

The limitations of our study were the relatively 
small number of patients, nonuniformity of the correc-
tion method (surgery and other methods) and the lower 
degree of hydronephrosis of the patients. It has previ-
ously been suggested to perform 24 h imaging or SPECT 
imaging in order to improve estimation of renal paren-
chyma in hydronephrosis, however, we did not perform 
any of those images, the aim was to analyze UAM in 
routine application. Additionally, not all subjects nec-
essarily underwent USG estimation in post operative 
follow-up thus we cannot perform a comparison of pre- 
and postoperative degree of hydronephrosis. We unfor-
tunately did not compare the size of the ROIs, however, 

standardization of the ROIs was provided by analysis of 
the images by the same interpreter. We had intended to 
perform the analysis in the patients with supranormal 
results, however, the patient groups consisted of patients 
with normal and abnormal DRF. This study might be more 
informative if it is repeated in only supranormal patients. 
There was only one patient with supranormal result 
(DRF = 55) in our study population and it was corrected 
with UAM (DRF = 50). However, the significant difference 
in this kind of patient in our study with mild hidrone-
phrosis is promising for future studies with UAM.

UAM seems to be a more reliable method in the esti-
mation of DRF in the hydronephrotic kidney. Although the 
grade of hydronephrosis in our patients was not advanced 
we could identify that CM might be problematic in hydro-
nephrosis and UAM corrects this misinterpretation. If the 
degree was higher in our study population this discrep-
ancy might be higher. Further future studies are war-
ranted in this area with a higher degree of hydronephrosis 
and higher number of patients and maybe the addition of 
analysis of the 24 h images.
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