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Background: This study aimed to explore technetium-99m-diethylenetriaminepentaacetic acid (99mTc-DTPA) renal dynamic
imaging to evaluate duplex kidney function in adult patients.
Subjects and Methods: We retrospectively analyzed the clinical data of 25 patients with duplex kidneys who underwent 99mTc-
DTPA renal dynamic imaging between June 2011 and March 2023 at our hospital. Patients in the duplex kidney group (n = 25)
were divided into renogram normal (n = 9) and abnormal (n = 16) groups according to the imaging data. Additionally, normal
patients were selected as the control group (n = 25). After imaging, the region of interest of the kidneys was delineated, and
renography was performed. Renography can provide renal function parameters, including glomerular filtration rate (GFR),
Tmax, T1/2, renal clearance, and the GFR ratio of the duplex renal segment (upper renal moiety).
Results: Compared with the control group, the serum creatinine level in the duplex kidney group was higher (p = 0.025), GFR
was lower (p = 0.001), and patients with impaired renal function were mainly in the abnormal renography group (p = 0.001). In
the duplex kidney group, the GFR (p = 0.026) and renal clearance (p = 0.006) of the affected kidneys were lower than those of the
contralateral kidneys, and Tmax (p = 0.025) was higher than that of the contralateral kidneys. There were no differences in renal
function indicators of duplex renal segments with different GFR ratios. However, when the GFR ratio exceeded 50%, the renal
function tended to decline.
Conclusions: 99mTc-DTPA renal dynamic imaging was found useful to evaluate the total renal function, split renal function,
and upper urinary tract patency in patients with duplex kidneys. Patients with abnormal renography results had worse renal
function, and those with poor renal clearance in the affected renal moiety required surgical treatment.
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Introduction

The duplex kidney is a relatively common congen-
ital urinary system malformation that is defined as a re-
nal unit comprising two pelvicalyceal systems and two
sets of collection systems in a normal kidney region on at
least one side [1,2]. The incidence of duplex kidneys is
0.2%–2.0%, and most simple duplex kidneys are asymp-
tomatic throughout life [2–4]. However, complicated du-
plex kidneys can lead to complications, including ectopic
ureteral opening, ureteral orifice cysts, and stricture of the
ureteropelvic junction, resulting in recurrent urinary tract
infections, lower abdominal masses, hydronephrosis, and
other clinical symptoms [5–7]. Therefore, further evalu-
ation of renal function is important in patients with du-
plex kidney disease. Compared with conventional imag-
ing methods, including B-ultrasound [8], micturating cys-

tourethrograms (MCU), computed tomography (CT), and
magnetic resonance (MR), nuclear medicine imaging fo-
cuses more on renal function evaluation [9]. Technetium-
99m-diethylenetriaminepentaacetic acid (99mTc-DTPA) re-
nal dynamic imaging can accurately determine the differ-
ence in renal function between the upper and lower moieties
of duplex kidneys [10–14] and provide information on the
patency of the upper urinary tract [15].

In this study, 99mTc-DTPA renal dynamic imaging
was used to evaluate renal function and upper urinary pa-
tency in patients with duplex kidneys with the aim of pro-
viding a basis for the selection of treatment methods.
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Table 1. Patients’ characteristics.
Characteristics Duplex kidney group (n = 25) Control group (n = 25) p

Age (year) 42.68 ± 15.58 48.08 ± 9.87 0.122
Male [n (%)] 6 (24.0) 10 (40.0) 0.230
BMI (kg/m2) 24.90 ± 4.67 24.44 ± 3.87 0.792
Scr (µmol/L) 80.68 ± 8.15 63.32 ± 7.42 0.025
GFR (mL/min) 79.94 ± 19.30 95.26 ± 7.25 0.001
BMI, body mass index; Scr, serum creatinine; GFR, glomerular filtration rate. The normal reference range of BMI is 18.5–23.9
kg/m2. The normal reference ranges of Scr are 54–106 µmol/L in males and 44–97 µmol/L in females. The normal reference
range of GFR is ≥80 mL/min.

Subjects and Methods

Patients
A retrospective study was performed on 25 patients

(19 females, 6 males; Age 42.68 ± 15.58 years) diagnosed
with duplex kidney disease using B-ultrasound or abdomi-
nal CT, who underwent 99mTc-DTPA renal dynamic imag-
ing in our hospital between June 2011 and March 2023. All
patients met the following inclusion and exclusion criteria:

The inclusion criteria were as follows: Patients with a
duplex kidney over 18 years of age (with or without com-
plications such as hydronephrosis and ureteral cyst).

The exclusion criteria were as follows: Patients with
other kidney diseases and those without detailed clinical
data.

All 25 patients had duplex kidneys with different de-
grees of hydronephrosis, and all 25 duplex renal segments
were in the upper renal moiety. The patients underwent
blood testing after admission, and their serum creatinine
(Scr) values were recorded (Table 1).

Moreover, 25 patients (15 females, 10 males; Age
48.08 ± 9.87 years) with normal 99mTc-DTPA renal dy-
namic imaging who needed to evaluate total and split re-
nal function clinically were selected as the control group.
In order to reduce selection bias, patients in the control
group were selectively matched to those in the duplex kid-
ney group in terms of gender ratio, age range, and visit time.
Personal information has not yet been published.

Imaging Instruments and Methods
Single photon-emission computed tomography

(Siemens Symbia Intevo 16, Batch No.: 10764804,
Siemens Medical Solutions USA, Inc., Hoffman Estates,
IL, USA) was performed. All patients drank 500 mL
of water 30 min before examination. After measuring
the height and weight, the patients were positioned on
the examination bed and injected intravenously with a
bolus of 99mTc-DTPA 185 MBq, and dynamic imaging
acquisition was conducted. A low-energy collimator with
an energy peak of 140 keV, window width of 20%, 64 ×
64 matrix, and 1–1.5 × magnification was used for data
acquisition. Dynamic imaging was performed for 31 min.
The perfusion phase was first collected at 1 s/frame for

1 min, and then the functional phase was collected at 10
s/frame for 30 min. The radioactivity count of the syringe
was measured before and after injection.

Image Analysis
The patients’ height (cm), weight (kg), and radioac-

tivity count of the injector before and after the examination
were recorded. Both kidneys were manually delineated us-
ing regions of interest (ROIs) for the collected data (the up-
per renal moiety was included, Fig. 1a), and the glomerular
filtration rate (GFR) and time-activity curve (TAC; Renog-
raphy) were generated (Fig. 1b and Table 2). Additionally,
the upper renal moiety was separately delineated (Fig. 1c,d
and Table 3) to calculate the ratio of GFR in the upper renal
moiety to that in the whole kidney (GFR ratio, GFRupper

renal moiety/GFRaffected kidney). Normal renography met
the diagnostic criteria (Fig. 2). A unilateral GFR of less than
40 mL/min indicates renal dysfunction. Upper urinary tract
obstruction was considered if Tmax could not be obtained
during the dynamic study, T1/2 was more than 20 min, or
renal clearance was less than 40% [16].

After obtaining imaging data, we divided the patients
into groups according to their data characteristics. The
25 patients in the duplex kidney group were divided into
the normal renography group (9 cases) and the abnormal
renography group (16 cases) according to TAC shape and
value. The GFR values of the two groups were statisti-
cally compared with those of the control group. Moreover,
renal function indicators were compared between the af-
fected and contralateral kidneys in the 25 patients, and the
renal function indicators were also compared between the
three subgroups with different GFR ratios (<30, 30%–50%,
>50%) in the 25 patients.

Patient Follow-Up
The patients’ clinical treatment data were obtained

from the inpatient medical records system, and all patients
were followed up by telephone within at least six months af-
ter the examination. The patient’s condition and Scr levels
were recorded.
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Fig. 1. Both kidneys ROI and TAC. The both whole kidneys were manually delineated as ROI (a), and the TAC was generated (b).
The ROI was delineated in the upper moiety of the affected kidney and the contralateral kidney (c), and the TAC was generated (d).

Table 2. TAC data of both total kidneys.
Parameters Left Right Total

Split function (%) 53.5 46.5
Kidney counts (cpm) 84415 73412 157827
Kidney depth (cm) 4.951 4.983
Uptake (%) 6.697 5.824 12.5
GFR (mL/min) 62.1 54.0 116.0
Normalized GFR (mL/min) 119.8
GFR low normal (mL/min) 90.0
Mean GFR (mL/min) 118.0
Renal retention 0.770 0.496
Time of max (min) 5.468 7.969
Time from max to 1/2 max (min) 12.0
Tmax, T1/2, and renal clearance were determined by TAC.
Tmax: Time to reach peak radioactivity count in each kidney,
the normal reference is ≤4.5 min; T1/2: Time from peak ra-
dioactivity count to reach half its value, the normal reference is
≤8 min; Renal clearance: Percentage of imaging agent cleared
20min after the acquisition, and the normal reference is≥40%.

Table 3. TAC data of the upper moiety of the affected kidney
and contralateral kidney.

Parameters Left Right Total

Split function (%) 33.6 66.4
Kidney counts (cpm) 36337 71863 108200
Kidney depth (cm) 4.951 4.983
Uptake (%) 2.883 5.701 8.583
GFR (mL/min) 26.0 51.4 77.4
Normalized GFR (mL/min) 79.9
GFR low normal (mL/min) 90.0
Mean GFR (mL/min) 118.0
Renal retention 0.358 0.532
Time of max (min) 0.033 8.519
Time from max to 1/2 max (min) 1.597 12.1
Tmax, T1/2, and renal clearance were determined by TAC.
Tmax: Time to reach peak radioactivity count in each kidney,
the normal reference is ≤4.5 min; T1/2: Time from peak ra-
dioactivity count to reach half its value, the normal reference is
≤8 min; Renal clearance: Percentage of imaging agent cleared
20min after the acquisition, and the normal reference is≥40%.
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Fig. 2. Normal renography curves consist of segments a, b, and c, and the shapes and heights of the renography curves for normal
kidneys are the same. Segment a: A curve rising rapidly about 10 s after intravenous injection of the imaging agent, and the time is
approximately 30 s; Segment b: A curve gradually increasing after segment a, and usually reaches the peak (Tmax); Segment c: The
descending curve following segment b.

Table 4. Experimental renogram normal and abnormal group compared with the control group.
Duplex kidney group (n = 25)

Control group (n = 25) F p
Renogram normal (n = 9) Renogram abnormal (n = 16)

GFR (mL/min) 86.66 ± 16.02 76.43 ± 20.84 95.26 ± 7.25 8.297 0.001

Statistical Analysis
SPSS 22.0 software (IBM, Armonk, NY, USA) was

used for statistical analysis. The data were represented as x̄
± s. One-way analysis of variance (ANOVA), t-test, least
significant difference (LSD)-t test, and Wilcoxon signed-
rank test were used, depending on whether the data were
normally distributed. Categorical variable count data were
expressed as percentages, and a chi-square test was per-
formed. p < 0.05 was considered statistically significant.

Results

Clinical Characteristics of the Study Population
The clinical characteristics of patients in the duplex

kidney and control groups are shown in Table 1. The
serum creatinine (Scr) value of the duplex kidney groupwas
higher than that of the control group (p = 0.025), and the to-
tal GFR of the duplex kidney group was statistically lower
than that of the control group (p = 0.001).

Comparison of GFR between the Renogram Normal,
Renogram Abnormal, and Control Groups

The differences in GFR were statistically significant
between the renogram normal, renogram abnormal, and
control groups (p = 0.001, Table 4). The LSD-t test showed
a significant difference in GFR between the renogram ab-
normal and the control groups (p < 0.001). No significant
differences were found in the GFR between the renogram
normal group and the other two groups.

Comparison of the Affected and Contralateral
Kidneys in the Duplex Kidney Group

There were 25 duplex kidneys in 25 patients, with 14
on the left side and 11 on the right side. The TACs were
normal in 9 cases and abnormal in 16 cases, including five
cases of continuous ascending TACs, five cases of parabolic
TACs, and six cases of low-level prolonged TACs. Tmax

was not observed in three cases, T1/2 was not observed
in eight cases, and renal clearance was not observed in six
cases. The results of the comparison of data between the af-
fected and contralateral kidneys in the duplex kidney group
are illustrated in Table 5. The GFR and renal clearance of

https://www.aeurologia.com/
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Table 5. Comparison between the affected and contralateral kidneys in the duplex kidney group.
Affected kidney n Contralateral kidney n t p

Tmax (min)∗ 7.95 ± 9.48 22 3.14 ± 2.24 22 2.318 0.025
T1/2 (min) 9.26 ± 7.11 17 12.55 ± 5.67 17 –1.494 0.145
GFR (mL/min) 34.16 ± 15.89 25 45.78 ± 19.70 25 –2.296 0.026
Renal clearance (%) 40.28 ± 16.75 19 53.61 ± 10.31 19 –2.953 0.006
∗The normal reference range of Tmax is ≤4.5 min, T1/2 is ≤8 min, GFR is ≥80 mL/min, and renal clearance is ≥40%.

Table 6. Comparison of renal function indicators among the three groups with different GFR ratios in the upper renal moiety.
GFR ratio∗ <30% (n = 3) 30%–50% (n = 8) >50% (n = 8) H p

Total GFR (mL/min) 82.50 ± 22.33 89.30 ± 14.95 78.72 ± 17.26 2.164 0.339
GFR of the affected kidney (mL/min) 42.60 ± 9.00 44.86 ± 15.12 31.84 ± 13.11 3.165 0.205
Tmax of the affected kidney (min) 8.76 ± 9.06 7.60 ± 9.60 16.17 ± 11.53 2.846 0.241
Renal clearance of the affected kidney (%) 33.47 ± 25.12 40.19 ± 18.12 37.60 ± 5.09 1.125 0.570
∗GFR ratio, the ratio of the upper renal moiety GFR to that of the whole kidney (GFRupper renal moiety /GFRaffected kidney).

Table 7. Clinical data of patients undergoing surgical treatment.
Affected kidney Surgical methods

Scr (µmol/L)

Tmax

(min)
T1/2

(min)
Renal

clearance (%)
GFR

(mL/min)

Upper moiety
nephrectomy and
ureterectomy

Ureteral
J-tube

implantation

Ureterocele
resection

1 53.8 18.5 + 92.2
2 21.8 50.2 + 64.3
3 19.2 4.5 42.4 + 76.8
4 2.7 6.3 63.0 26.2 + 71.9
5 17.5 + 114.4
6 30.1 43.8 + 90.7
7 28.7 34.4 + 66.9
8 22.1 24.5 + 60.6

Table 8. Comparison of Scr before and after surgery in the
eight patients.

Pre-operation
(n = 8)

Postoperative
(n = 8)

p

Scr (µmol/L) 79.73 ± 18.19 89.62 ± 13.57 0.434

the affected kidney were statistically lower than those of the
contralateral kidney, and the Tmax was statistically longer
than that of the contralateral kidney (all p< 0.05). These re-
sults indicate that both the renal uptake and clearance func-
tions of the affected kidney were impaired.

Comparison between Groups of Different GFR
Ratios

Of the 25 affected kidneys in the duplex kidney group,
the upper and lower moieties of the kidneys were clearly
distinguished in 19 cases. In the remaining six cases, the
involved kidneymoieties could not be clearly delineated be-
cause of severe hydronephrosis or other reasons. In the 19
cases of duplex kidneys, there were three cases with a GFR
ratio of <30%, eight cases with a GFR ratio of 30%–50%,
and eight cases with a GFR ratio >50%. The indicators of

affected kidneys in each GFR ratio group are shown in Ta-
ble 6.

There were no statistically significant differences in
the total GFR, GFR of the affected kidney, Tmax, and 20-
min clearance rate of the affected kidney among the three
groups. However, compared with the GFR ratio<30% and
GFR ratio 30%–50% groups, the GFR ratio >50% group
had lower total GFR, lower GFR values, and longer Tmax

in the affected kidney, suggesting that renal function tended
to deteriorate in the GFR ratio >50% group.

Treatment and Follow-Up
Based on 99mTc-DTPA renal dynamic imaging, sur-

gical treatment was administered to eight patients whose
clinical data are shown in Table 7. Four of these patients
underwent upper moiety nephrectomy and ureterectomy,
three received ureteral J-tube implantation, and one under-
went ureterocele resection. The postoperative serum crea-
tinine level was higher than the preoperative level in eight
patients, although the difference was not statistically sig-
nificant (p > 0.05, Table 8). B-ultrasound showed no com-
plications, such as hydronephrosis or ureteral obstruction,
in four patients who underwent ureteral J-tube implanta-
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tion or ureteral orifice cyst resection. The patients were fol-
lowed up six months after surgery, and their renal function
was normal without any discomfort; Therefore, surgery was
considered effective. The remaining 17 patients who did
not undergo surgery received symptomatic treatment, and
no discomfort was observed during the 6-month follow-up.

Discussion

Duplex kidneys have an incidence of 0.2%–2.0% [4],
with a higher prevalence in women [6]. This urinary system
malformation is primarily unilateral but may be bilateral
[17]. Complications of duplex kidneys predominantly in-
clude hydronephrosis, ureterocele, and ureteropelvic junc-
tion obstruction [18]. GFR is the most reliable indicator
of renal function, and 99mTc-DTPA is the only glomeru-
lar filtration imaging agent used for dynamic renal imag-
ing. Conversely, for morphological examinations, includ-
ing B-ultrasound and CT, and laboratory indicators, such
as serum creatinine, 99mTc-DTPA renal dynamic imaging
can evaluate renal function and measure total and split re-
nal GFR [19,20]. The TAC provides information on upper
urinary patency by calculating Tmax, T1/2, and renal clear-
ance. Therefore, 99mTc-DTPA renal dynamic imaging is
valuable for evaluating renal function and may guide clini-
cal decision-making in patients with duplex kidneys.

Ismaili et al. [21] performed 51chromium (51Cr)-
DTPA and 99mTc-mercaptoacetyltriglycine (99mTc-
MAG3) renal dynamic imaging in 44 children with duplex
kidneys, and GFR was used to evaluate affected kidney
function at various times. In our study, the GFR measured
by 99mTc-DTPA in the duplex kidney group was lower than
that in the control group, indicating that the duplex renal
segment affected the total renal function and that patients
with abnormal renography had worse renal function.

Liu et al. [22] performed 99mTc-DTPA renal dynamic
imaging in seven children with duplex kidney and uretero-
pelvic junction obstruction and then evaluated renal func-
tion and upper urinary tract patency by GFR and T1/2. In
our research, GFR and TACwere compared between the af-
fected and contralateral normal kidneys in the duplex kid-
ney group, and there were no significant differences in T1/2.
However, the Tmax of the affected kidney was significantly
longer than that of the contralateral kidney, and the GFR
and renal clearance of the affected kidneywere significantly
lower than those of the contralateral kidney, indicating that
both the uptake and clearance functions were impaired in
the affected kidney. Renal clearance is a sensitive indicator
reflecting kidney clearance function [23]; Therefore, in du-
plex kidney patients with normal creatinine levels, the ap-
plication of renal clearance in 99mTc-DTPA renal dynamic
imaging should be considered. Notably, the T1/2 values in
the contralateral kidneys were longer than those in the af-
fected kidneys in this study. This is because four patients
had T1/2 >15 min in the contralateral kidney, whereas their

Tmax, GFR, and renal clearance were close to or within the
normal range, which may be related to individual differ-
ences in the patients and transient clearance dysfunction.
For data rigor, we retained the T1/2 values for these pa-
tients so that the T1/2 in the contralateral kidney group was
longer than that in the affected kidney group.

The GFR ratio is another indicator that reflects the
renal uptake function of the affected segments in duplex
kidneys [24]. A multicenter retrospective cohort study of
nine years [25] studied the long-term functional renal out-
comes after retroperitoneoscopic upper pole heminephrec-
tomy for duplex kidney in children and evaluated by 99mTc-
dimercaptosuccinic acid (99mTc-DMSA) scintigraphy pre-
and postoperatively, the GFR ratio of 99mTc-DMSA in af-
fected segments corresponded to the residual function. Our
results showed no significant differences in total GFR, GFR
of the affected kidney, Tmax, and renal retention among
the three groups with different GFR ratios in the upper re-
nal moiety. Although no statistically significant differences
were observed, the renal function was essentially normal
when the GFR ratio was below 50%. The total GFR in-
creased as the GFR ratio increased; However, when the
GFR ratio was≥50%, the total GFR, Tmax, and renal clear-
ance were poorer than those in the other two groups, even
beyond the normal range, which might be related to the im-
paired renal cortex and poor upper urinary tract drainage in
severely duplex kidneys.

In this investigation, eight patients underwent surgical
treatment. Four patients with GFR or renal clearance and
severe clinical symptoms underwent an upper renal moi-
ety nephrectomy and ureterectomy. Renal clearance data
could not be obtained for the other four patients, which in-
dicated severely impaired renal clearance function or up-
per urinary tract obstruction. Based on the patient’s clin-
ical condition and assessments of renal dynamic imaging,
three patients underwent ureteral J-tube implantation, and
one patient underwent ureterocele cyst resection. All pa-
tients were asymptomatic and had normal renal function six
months after surgery. Based on the above analysis, clin-
ical treatment options could be combined with a compre-
hensive assessment of the patient’s age, clinical symptoms,
TAC indicators, and GFR ratio of the affected segment to
the entire kidney. Different intervention methods can be
used depending on the degree of renal impairment. When
patients with severe hydronephrosis and recurrent urinary
tract infections have decreased renal function, which se-
riously affects their quality of life, the preferred surgical
methods are upper moiety nephrectomy and urethrectomy.
If the patient’s clearance function is severely impaired, but
the GFR remains normal or only slightly reduced, relief of
obstruction is prioritized [26].

This study had some limitations. The small number of
cases researched and, inevitably, confounding factors may
have affected the accuracy of the results. The number of in-
cluded cases should be increased in future investigations. In

https://www.aeurologia.com/


808

this study, ROI was not performed for two distinct moieties
of the affected kidney because the upper moiety’s function,
which determines the therapeutic method of the patient, was
of greater concern.

Conclusions

99mTc-DTPA renal dynamic imaging can be used to
evaluate the total and split renal function and upper uri-
nary tract patency in patients with duplex kidney disease.
Total renal function was decreased in patients with com-
plicated duplex kidneys, and the affected kidney’s function
was lower than that in the contralateral normal kidney. Pa-
tients with abnormal renography had worse renal function,
and those with poor renal clearance in the affected renal
moiety should receive timely surgical treatment. 99mTc-
DTPA renal dynamic imaging is an important method for
diagnosing and guiding the treatment of duplex kidneys.
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