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Abstract
Objective Radical cystectomy with permanent urinary diversion is the gold standard treatment for invasive muscle bladder 
cancer. Hydronephrosis is common in these patients, but Ultrasound (US) or Computed Tomography Urography (CTU) 
scan are unable to discriminate obstructive from non-obstructive hydronephrosis. We used Diuresis Renography (DR) with 
F + 10 in seated position (sp) method in the identification of patients with a Uretero-ileal Anastomosis Stricture (UAS) who 
would benefit from surgical therapy.
Methods We studied 39 asymptomatic patients, who underwent radical cystectomy and urinary diversion. Based on radio-
logical findings (US, CTU) 44 kidneys were hydronephrotic. All patients underwent a 99mTc-MAG3 DR with F + 10(sp) 
method. We acquired a DR for 20 min with the patient in a seated position. Patient drank 400–500 mL of water at 5 min 
after tracer injection and received a 20 mg bolus of Furosemide at 10 min during dynamic acquisition. The indices Time to 
peak, diuretic half time, and 20 min/peak ratio have been evaluated. Retrograde pyelography confirmed UAS in all patients 
with DR obstructive findings. We repeated DR as follow-up in two subgroups of patients.
Results DR with F + 10(sp) method showed obstructive findings in 36 out of 44 hydronephrotic kidneys. 6 patients showed 
non-obstructive findings. 32 patients showed obstructive findings (20 out of 32 developed UAS within 12 months after sur-
gery). Fifteen pts underwent a surgical treatment of UAS. In 1 patient with equivocal findings, we observed an ileo-ureteral 
reflux.
Conclusions The DR with F + 10(sp) method in the seated position has a lower uncertain diagnostic rate, compared to the 
radiological findings of US or CTU, in management of bladder cancer patients with urinary diversion. The semiquantitative 
indices diuretic half time and 20 min/peak ratio evaluated in a condition of favorable gravity reduce uncertain responses 
improving interobserver concordance.

Keywords Urinary diversion · Kidney/diagnostic imaging · F + 10(sp) method · Diuresis renography · Gravity · 
Hydronephrosis

Introduction

Radical Cystectomy (RC) and subsequent Urinary Diversion 
(UD) is the gold standard treatment for muscle invasive and 
high-risk non-invasive Bladder Cancer (BC) [1]. After the 
demolitive surgery, urological reconstructive techniques are 
implemented to restore urinary continuity and provide an 
acceptable quality of life. UD includes several types of surgi-
cal procedures including continent or incontinent reservoirs 
and orthotopic or heterotopic derivations, involving several 
different techniques to reroute the normal flow of urine. 
These techniques include Bricker ileal conduit, orthotopic 
neobladder, and pouches. All kinds of diversions require the 
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anastomosis of the ureter to a selected intestinal segment 
[2–6]. These procedures can be affected by surgical com-
plications related to the bowel, conduit, reservoir, stoma, or 
Uretero-Ileal Anastomosis Stenosis (UAS) [7]. UAS repre-
sents the most common complication requiring reoperation 
after radical cystectomy [8]. UAS is usually asymptomatic 
and develops gradually, leading to an increase in pressure 
upstream to the anastomosis on the kidney, hydronephrosis, 
and progressive damage of renal function including loss of 
kidney unit and chronic renal failure. Hydronephrosis, or 
the dilation of the renal pelvis and calyces, is very frequent 
and can be seen by traditional radiological studies (such as 
ultrasonography, computed tomography urography, and/or 
magnetic resonance imaging) secondarily to UAS (obstruc-
tive hydronephrosis) as well as in the absence of stenosis as a 
direct effect of surgical reconfiguration or pre-existent condi-
tions (non-obstructive hydronephrosis) [9]. Hydronephrosis 
is considered an indirect radiological sign of UAS. Unfor-
tunately, traditional radiological studies, with or without 
contrast media, are unable to differentiate obstructive from 
non-obstructive hydronephrosis [10]. However, the Euro-
pean Association of Urology guidelines on Bladder Cancer 
(BC) recommend only periodical laboratory and clinical 
investigations and only morphological cross-sectional imag-
ing, often not executable for renal impairment [11].

If hydronephrosis is significant and obstruction is sus-
pected, a nuclear imaging study such as a 99mTc-mercaptoa-
cetyltriglicine (MAG3) scan is warranted. In these patients, 
traditional Diuresis Renography (DR) executed in the supine 
position, may give false positive or inconclusive responses. 
Currently, there is no widely accepted medical treatment 
for UAS although several procedures with potentially high 
surgical risks may be performed. At this time, more reli-
able methods for the diagnosis and management of urinary 
diversion are required to provide conservative and/or surgi-
cal treatments according to the patient’s needs. We propose, 
in our experience, the use of 99mTc-MAG3 Gravity-Assisted 
DR with F + 10(sp) method in a seated position [12] for the 
diagnosis of obstruction and monitoring urine drainage in 
patients with urinary diversion.

Materials and methods

Since June 2012, we studied 39 asymptomatic patients, 10 
females/29 males, mean age of 69 years (range 48–81 years), 
who underwent RC and UD in a single center. The UD with 
an ileal conduit in 26 pts (Bricker trans-ileal ureterocuta-
neostomy), and ileal neobladder in 13 pts (Vescica Ileale 
Padovana technique). All pts involved in this study had US 
or CTU evidence of hydronephrosis and/or impairment of 
renal functional parameters. Based on radiological findings 
(US, CTU), 34 out of 39 pts had unilateral hydronephrosis, 

while 5 out of 39 pts had bilateral hydronephrosis (grade 
2–3) at enrolment in this study. All 39 pts underwent to 
99mTc-MAG3 DR with F + 10(sp) method. The patients were 
in a normal state of physiological hydration (non-fasting) 
and without diuretics or angiotensin-converting-enzyme 
inhibitors for 48 h prior to DR. We asked the pts to empty 
their bladder and we measured their blood pressure before 
starting the exam. If the systolic blood pressure was lower 
than 110 mm Hg, we asked the patient to eat a small meal 
before initiating.

In persistent hypotension status, blood pressure can be 
monitored throughout the test.

Only if strictly necessary, some minute following furo-
semide injection, an ice pack might be applied to the hand 
preventing a possible hypotension.

We acquired a DR using a dual-detector system with 
rectangular large view (Infinia-Xeleris III; GE Healthcare, 
Milwaukee), with a single head flexibility, allowing scan 
in all positions (seated, supine, upright, etc.). We used a 
gamma camera with a low-energy general-purpose collima-
tor and selected the photopeak at 140 keV ± 10% energy 
window. We placed a detector in the vertical position with 
a tilt of 90°. We examined the patient in a seated position 
(sp), immobilized the shoulders, pelvis, and aligned the back 
facing the detector during dynamic acquisition. The arms 
were supported to prevent any movement. The field of view 
included the kidneys, heart, and bladder in the posterior 
view. We minimized the distance between the detector and 
the back of the patient to improve resolution and reduce 
scatter. After insertion of an intravenous catheter with an 
injection valve, we administered IV a dose of 150–200 MBq, 
volume 0.2–0.3 mL of 99mTc-MAG3 at time 0’ followed by 
an injection of few milliliters of normal saline solution. We 
acquired a dynamic phase, with a frame rate of 2 s/frame for 
the first 60 frames, and 10 s/frame for 108 frames, using a 
128 × 128 matrix, and zoom 1. At the 5th minute following 
tracer injection, the patient drank 400–500 mL of water. At 
the 10th minute during dynamic acquisition, we injected a 
bolus of 20 mg IV Furosemide. At the end of the dynamic 
acquisition, we acquired a series of late static images (preset 
time 60″, 256 × 256, zoom 1.0) at 20ʹ and 60ʹ before and 
after voiding, in both seated and supine position.

According to previously published works [12, 13] we 
evaluated the Renograms measuring the following semi-
quantitative indices of the renographic curves:

• Split renal function %: based on the comparison of 1st–
2nd minute background-corrected renal activity (normal 
value: 50 ± 10%). If split renal function was < 10%, the 
other indices of renal function were considered unreli-
able.

• Time to peak (or Tmax): the time required to reach maxi-
mal activity on the renogram (normal value: 2–7 min).
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• Diuretic T1/2: the time elapsed between the adminis-
tration of the diuretic (20 mg of Furosemide at 10th 
minute) and the half-time (normal value < 8 min).

• 20 min/peak ratio: the ratio between the average activ-
ity of the curves at 19–20 min and the peak activity 
(normal value < 0.25).

We used 99mTc-MAG3 with a modified Schlegel method 
not requiring blood sampling for determining the Effec-
tive Renal Plasma Flow (ERPF) for each kidney. It uses 
the renal counts 1–2 min after tracer injection and applies 
background subtraction as a ratio to the total amount of 
radioactivity injected intravenously with appropriate cor-
rection for kidney depth.

Two independent observers performed semiquantita-
tive and qualitative evaluations of the dynamic data and 
post-voiding late static images in both seated and supine 
position. Differently from other invasive diagnostic 
approaches, DR does not require urinary catheterization 
and/or antibiotics following the procedure. In the kidneys 
with hydronephrosis and severe impaired function, a per-
cutaneous nephrostomy tube was positioned before DR 
to preserve renal function. If present, the percutaneous 
nephrostomy was clamped during the dynamic phase of 
Renography.

A cine of raw data dynamic image with two locators is 
displayed, for assessing patient motion.

If no motion correction is required, the protocol is cus-
tomized for automatic processing (GE,

Xeleris III).
We defined as a non-obstructive hydronephrosis 

a kidney with 20  min/Peak ratio < 0.25, and diuretic 
T1/2 < 8 min. The diagnostic work-up in pts with stenosis 
involved performing a retrograde cystography or a loop-
graphy to exclude ileo-ureteral reflux. 6 out of 39 pts with 
non-obstructive findings repeated DR after a mean period 
of 12 months as follow-up.

A subgroup of 16 pts (15 pts who received surgical 
treatment for UAS and 1 pt with equivocal findings) 
repeated DR for three times, after a mean period of 12 
and 22 months, to monitor open ureteral reimplantation 
for UAS. Overall, clinical mean follow-up was 30 months 
(range 17–70 months) (Table 1).

The DR with F + 10(sp) method is suggested by Italian 
Association of Nuclear Medicine in adult patients with 
suspected obstructive renal pathology [14]. This retrospec-
tive single-center study was approved by our institution’s 
review board. It followed the ethical guidelines of the Dec-
laration of Helsinki and the written informed consent was 
waived. The authors  (GT1, NF, SMR, and FPI) had access 
to the study data. No author has any conflict of interest to 
declare in relation to this study.

Results

We studied 39 BC pts, (10 females/29 males) with uri-
nary diversion and radiologically detected hydronephrosis 
(Table 1). At enrolment, 34 out of 39 pts showed unilat-
eral hydronephrosis, and 5 out of 39 pts showed bilateral 
hydronephrosis (grade 2–3). Based on radiological find-
ings (US, CTU) we suspected 44 Kidneys to be obstructed 
(Table 2). All pts with suspected UAS underwent a base-
line DR with 99mTc-MAG3 using F + 10(sp) method. All 
pts completed the test without requiring bladder catheteri-
zation. In pts with renal functional impairment, we placed 
a percutaneous nephrostomy followed by a retrograde pye-
lography prior to any surgical management. If present, the 
nephrostomy was clamped during the dynamic phase to 
evaluate the urine drainage in baseline condition.

We did not observe side effects as full bladder, disrup-
tion because of voiding or diuretic-induced hypotension.

The scintigraphy showed 68 detectable kidneys (split 
renal function > 10%) in 39 pts.

(3 kidneys had been removed for disease before test, 
whereas 7 kidneys were hydronephrotic with a severe 
impaired function and we positioned a percutaneous 
nephrostomy before DR to try to preserve renal function).

The baseline DR showed: normal, or Non-obstructive 
findings in 31 kidneys, equivocal findings in 1 kidney, and 
obstructive findings in 36 kidneys (Table 3). Retrograde 
pyelography confirmed DR diagnosis of UAS in 36 out 
of 44 Kidneys suspected as obstructed by US or CTU. 
Regarding the treatment of UAS, we performed 16 open 
ureteral reimplantation in 15 pts with good split renal 
function, confirmed by DR. Conversely, 10 pts underwent 
nephroureterectomy for significant impairment of renal 
function (split renal function < 10%); 3 pts with UAS 
refused surgery and were treated with pneumatic dilation 
of the stenosis; 1 pt was judged to be inoperable, due to 
significant co-morbidities and maintained the nephros-
tomy tube, and 3 pts died during follow-up. 1 patient with 
uncertain findings (due to a disagreement between two 
independent observers) had a partial ileo-ureteral reflux as 
confirmed by retrograde pielography. In the subgroup of 6 
pts with non-obstructive hydronephrosis, we repeated DR 

Table 1  Baseline clinical characteristics of patients

Characteristics Median (range, min–max)

Age (years) 69 (48–81)
Height (cm) 171 (160–183)
Weight (kg) 74 (55–114)
Serum creatinine (mg/dL) 1.54 (0.76–3.30)
Split renal function L/R (%) 35/65 (0–100)
Estimated ERPF L + R (mL/min/m2) 162 (59–351)
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after a mean period of 12 months (range 6–15 m) and did 
no observe significant changes (Table 4). 

In the subgroup of 16 pts, including 15 pts with ureteral 
reimplantation (1 pt bilaterally) and 1 pt with equivocal 
findings, we performed DR three times as follow-up after 
a median period of 12 and 22 months. We observed a pro-
gressive reduction in number of detectable kidneys (− 4 left 
kidneys, and − 1 right kidney), due to restenosis (Table 5).

Regarding the time of onset of UAS, we observed about 
60% of UAS in first year after surgery (Table 6). Almost 
perfect agreement was observed between two independent 

observers. The % of agreement was: 98.5% and Cohen’s k: 
0.97. Sensitivity, specificity, disease prevalence, positive and 
negative predictive value as well as accuracy are expressed as 
percentages in Table 7. A p value of < 0.05 was considered 
statistically significant.

Table 2  Study design

Gravity assisted diuresis renography in urinary diversion.

Table 3  Results of 1st DR in 39 pts. We detected 68 kidneys with a split renal function > 10%

Detect-
able 
Kidneys 
(n)

Split renal 
function 
(%)

Time to peak 
(min)

Diuretic T1/2 
(min)

20 min/peak ratio 
(%)

ERPF mL/min 
(range)

Creatinine mg/dL 
(range)

1st DR diagnosis

31 66 (0–100) 5.6 (2–11.5) 6.3 (2–10.2) 0.21 (0.13–0.25) 149 (20–312) 1.00 (0.76–1.54) Normal/non-
obstructive 
Hydronephrosis

1 32 12 8.0 0.32 86 0.89 Equivocal
36 53 (0–100) 11.9 (2–19.9) 17.1 (5–189) 0.54 (0.27–0.81) 68 (17–179) 1.21 (1.00–3.30) Obstructive 

hydronephrosis
Disease 

preva-
lence 
52.94%

ns ns  < 0.05  < 0.05  < 0.05 ns p value
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Table 4  Comparison between 
1st and 2nd DR in a subgroup 
including 6 patients with non-
obstructive hydronephrosis. 
Follow-up after a median period 
of 12 months

Age and functional indices 1st DR median (range, 
min–max)

2nd DR median (range, 
min–max)

p value

Patients (n = 6), F/M = 3/3, kidneys (n = 9)
 Age (years) 67 (48–76) 68.1 (49–77) –
 Serum creatinine level (mg/dL) 1.24 (076–2.49) 1.18 (0.90–2.04) ns
 Split renal function L/R (%) 26/74 23/77 ns

Left kidney
 Detectable kidney (n) 3 3 –
 Time to peak (min) 6.2 (3.5–11.5) 6.2 (3.4–11) ns
 Diuretic T1/2 (min) 2.9 (1.8–3.9) 7.5 (3–12) ns
 20 min/peak ratio (%) 0.20 (0.16–0.24) 0.24 (0.21–0.27) ns
 ERPF L (mL/min/m2) 134 (111–157) 105 (97–166) ns

Right kidney
 Detectable kidney (n) 6 6 –
 Time to peak (min) 7.2 (3.1–10.5) 5.2 (3.2–9) ns
 Diuretic T1/2 (min) 6.4 (1–11.3) 8.6 (2.9–17.2) ns
 20 min/peak ratio (%) 0.21 (0.13–0.25) 0.25 (0.17–0.32) ns
 ERPF R (mL/min/m2) 177 (53–312) 164 (46–309) ns

Table 5  Comparison between 1st, 2nd and 3rd DR (after a median period of 12 and 22 months) in a subgroup of 16 patients including 15 pts 
who accept to undergo a surgical treatment for UAS, and 1 pt with vesicoureteral reflux

The number of detectable kidneys (having a split renal function > 10%) decreased progressively from 31 to 26, due to restenosis

Age and functional
indices

1st DR
median (range, min–max)

2nd DR
median (range, min–max)

3rd DR
median (range, min–max)

p value

Patients (n = 16), F/M, (6/10), detectable kidneys (n = 31)
 Age (years) 68.6 69.6 70.5 –
 Serum creatinine mg/dL 1.18 (0.76–1.66) 1.27 (0.70–2.66) 1.27 (0.70–2.81) ns
 Split renal, function L/R (%) 47/53 31/69 30/70 0.03

Left kidney
 Detectable kidney (n) 16 12 12 –
 Time to peak (min) 14.2 (2.8–19) 10 (3.4–17.4) 10.6 (3.4–19) ns
 Diuretic T1/2 (min) 29.3 (2.7–66) 14.8 (3–66) 8.6 (2.2–25) ns
 20 min/peak ratio (%) 0.55 (0.13–0.86) 0.43 (0.16–0.68) 0.38 (0.18–0.65) ns
 ERPF L (mL/min/m2) 77 (17–190) 83 (19–166) 87 (22–190) ns
 Right kidney
 Detectable kidney (n) 15 15 14 –
 Time to peak (min) 6.7 (1.9–19) 6.2 (2–19) 6.7 (3.5–11.8) ns
 Diuretic T1/2 (min) 6.4 (1–77) 6.2 (2.9–17.2) 18.4 (2.2–77) ns
 20 min/peak ratio (%) 0.27 (0.12–0.77) 0.35 (0.16–0.71) 0.32 (0.09–0.77) ns
 ERPF R (mL/min/m2) 127 (35–312) 139 (46–174) 156 (48–235) ns

Table 6  Time of onset of UAS 
diagnosed by DR and confirmed 
by retrograde pyelography

Time of onset of UAS Obstructed Obstructed UAS
left Kidney (n) right Kidney (n) (%)

Early stricture < 6 months after surgery 15 2 47.2
Middle stricture 6–12 months after surgery 4 1 13.9
Late stricture > 12 months after surgery 10 4 38.9
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Discussion

Radiological exams rely on the presence of hydronephrosis 
to diagnose UAS. Hydronephrosis is defined as the dilation 
of the renal pelvis and calyces with urine. It is a secondary 
condition that typically occurs when the urine collecting 
system swells due to an impaired urinary drainage with a 
progressive increase in hydrostatic pressure and glomeru-
lar damage. It can be physiologic or pathologic, acute, or 
chronic, unilateral, or bilateral. Preoperative hydronephrosis 
is a common finding in BC points. In addition, the overall 
degree of hydronephrosis increases significantly in first year 
following surgery, regardless of the outcome of the interven-
tion [9].

Several risk factors have been reported in pts with urinary 
diversion [1–4]. UAS is the main risk factor associated with 
renal function decline [2–9]. The etiopathology is related 
to many factors, such as inflammatory, ischemia, previous 
radiotherapy, diabetes,

vasculopathy, etc.). UAS may occur gradually, and many 
pts do not develop any symptom. The suspect of UAS is 
generally occasional and may occur during a follow-up visit 
(radiological evidence of hydronephrosis). The incidence 
of UAS is between 2.7 and 14% of cases depending on the 
series [10–18]. UAS rate may be influenced by the duration 
and the systematicity of follow-up regimens with the non-
standardized use of specific upper urinary tract imaging.

Standardized oncological follow-up recommend the exe-
cution of abdominal CT with contrast media and blood tests 
6 months following radical cystectomy and urinary diver-
sion. In pts who underwent urinary diversion, hydronephro-
sis was extremely frequent also in the absence of stenosis 
[19].

The creatinine value is not suitable to diagnose unilateral 
UAS, because the level depends on global function of each 
patient. The patients with unilateral UAS are asymptomatic 
and present normal serum creatinine levels if their contralat-
eral kidneys are preserved intact.

Unfortunately, traditional non-invasive radiological stud-
ies (US, CTU, MRI), with or without contrast media, are 
not able to discriminate obstructive from non-obstructive 
hydronephrosis and are less reliable for diagnosing UAS 

and monitoring surgical treatments. When a patient with 
urinary diversion is studied in the supine position, an inad-
equate pressure gradient in the urinary system may cause a 
delayed urine drainage and dilation of the renal pelvis due to 
a modified anatomy, reduced tonicity of normal tissues and 
unfavorable gravity effect. As confirmed by a recent article 
describing the development of Upright Computed Tomogra-
phy for whole-body scans, the seated position is most useful, 
because it favors gravity and its effect on the volume and 
shape of the organ according to the body’s position [20].

Traditionally, DR was performed with pts in the supine 
position. The diagnosis was based on the findings of visual 
analysis of the renogram curve patterns. The supine position 
negatively influences the urine drainage and, especially in 
pts with a history of surgical management, may lead to false 
positive or uncertain DR findings [21]. Experts suggested 
several timings of Furosemide administrations (F − 15, 
F0, F + 2, F + 20). In all cases, the diagnosis based only on 
renogram pattern visual analysis may be inconclusive or 
subjective. To improve diagnosis, some authors suggested 
to calculate the Normalized Residual Activity (NORA) at 
the end of dynamic phase, after voiding and changing posi-
tion [22–24]. Nevertheless, the interobserver concordance 
remained poor due to several timings in use, as confirmed by 
a multicenter survey. In a large collaborative study, regard-
ing the inter-observer reproducibility in reporting on renal 
drainage in children with hydronephrosis, Tondeur et al. 
noted an important bias among the observers, resulting in 
rather poor inter-observer reproducibility. [25] The causes 
of discrepancy were the fact of including or neglecting the 
effect of micturition and change of patient’s position, and the 
absence of a clear limit between partial and good drainage.

In 2009, a Technologist’s guide by EANM suggested the 
DR with F + 10(sp) as the preferred method in diagnosing 
an obstructive renal pathology. This guide underlined in all 
cases the importance of a scan in the orthostatic position at 
the end of DR because of the hydrostatic pressure and more 
realistic outcomes [26].

In 2013, the results of a comparison between DR with 
F + 10(sp) in the seated position vs. DR with F-15 in the 
supine position, applied consecutively in 7 days, were 
described in a group of pts with a suspected obstructive 
nephropathy. This paper demonstrated the many advan-
tages of a test performed in the seated position [12]. The 
evaluation of renograms is based on the measure of semi-
quantitative indices, such as split renal function, time to 
peak, diuretic T1/2, and 20 min/peak ratio, rather than the 
visual analysis of renogram curve (Fig. 1). These indices, 
when performed in gravity favorable conditions, provide 
an objective measurement of renal function and urinary 
drainage, obtaining a reduction of uncertain responses 
and improving the interobserver agreement. Thanks to 
an optimal timing with an appropriate oral water intake 

Table 7  Statistic

Statistic Value (%)

Sensitivity 100.00
Specificity 96.88
Disease prevalence 52.94
Positive predictive value 97.44
Negative predictive value 100.00
Accuracy 98.57
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(400 m) at 5th minute, and a reduced dose of Furosemide 
(20 mg, instead of 40 mg) at 10th minute during dynamic 
acquisition, the F + 10(sp) method obtained a higher diag-
nostic accuracy and a remarkable reduction of side effects, 
such as diuretic-induced hypotension and bladder fullness 
related problems, thus increasing patient compliance [27, 
28].

In 2018, the F + 10(sp) method was included in Society of 
Nuclear Medicine and Molecular Imaging (SNMMI) Proce-
dure Standard/European Association of Nuclear.

Medicine (EANM) Practice Guideline for Diuretic Renal 
Scintigraphy in Adults with a Suspected Upper Urinary 
Tract Obstruction v 1.0 [29]. The test has the potential to 
define urinary drainage more properly in gravity favorable 
conditions, improve accuracy and reduce side effects. For 
these reasons, we propose gravity-assisted DR for the moni-
toring of adult pts who underwent to surgical treatment of 
urinary tract.

In our experience, the semiquantitative indices, diuretic 
T1/2 and 20 min/peak ratio, demonstrated a high specificity 
in revealing UAS, as confirmed by a subsequent retrograde 
pyelography. The diuretic T1/2 and 20 min/Peak ratio of the 
left kidney seems to be slightly higher than the right kidney. 
In general, the performance of right kidney appears to be 
better than left (Table 2). As confirmed by other Authors, 

the distal portion of the left ureter is most likely at a higher 
risk for strictures due to its angulation [30].

The surgical management of the urinary tract (transposi-
tion of the left ureter, presence of an ileal conduit or ortho-
topic neobladder, may alter the normal anatomy and physiol-
ogy, making the seated position essential during the exam to 
guarantee a regular urinary outflow. UAS is often clinically 
silent. An early UAS or unilateral damage may not substan-
tially change the serum creatinine level. However, a slight 
increase in serum creatinine can be seen in the para-physi-
ological reabsorption of urine from the intestinal segments 
used as reservoir. Early diagnosis and prompt treatment are 
required to prevent renal parenchymal loss and infection. 
Time of onset and the time to diagnosis of strictures may 
affect the therapeutic options for the sepoints. Considering 
the high rate of early UAS (< 6 months) and the functional 
limitations of traditional radiological imaging, it may be use-
ful to perform DR during the first months following surgery.

DR with 99mTc-MAG3 avoids iodine or gadolinium-based 
agent contrast risks on the renal impaired population [31]. 
It is also well tolerated in pts with high serum creatinine 
levels and limits the need of invasive techniques. DR does 
not require urinary catheterization and antibiotics following 
procedure, thus avoiding the overuse of antibiotics in points 
at risk of developing antimicrobial resistance. Regarding the 

Fig. 1  71-year-old woman, with bilateral hydronephrosis. Gravity-assisted DR shows obstructive findings on the left kidney, and non-obstructive 
findings on the right kidney
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management of the ureteral stenosis, according to literature, 
we preferred an open approach with ureteral reimplantation 
when feasible due to the poor long-term results of endo-
scopic management [32–34].

Preoperative patient information, patient selection, sur-
gical techniques, and careful post-operative follow-up are 
the cornerstones to achieve good long-term results in BC 
pts with UD. DR provides a more reliable discrimination of 
upper urinary tract obstruction adding basic information to 
conventional studies (US, CTU, Rx pyelography), improv-
ing diagnosis and providing functional and dynamic results. 
Thanks to gravity’s effect, the seated position may allow 
for a more accurate discrimination between obstructive and 
non-obstructive hydronephrosis.

The semiquantitative indices, such as diuretic T1/2, 
20 min/peak ratio, offer an objective evaluation of urine 
drainage and improve interobserver concordance [35]. A 
better timing and reduction in Furosemide dosage (20 mg) 
avoid side effects and increase patient compliance. Moreo-
ver, the seated position allows to highlight a possible renal 
ptosis [36].

Conclusion

An earlier diagnosis of UAS is essential to avoid further 
renal impairment and other serious complications, especially 
in the first few months following RC, when only oncologi-
cal follow-ups are usually scheduled. In patients with uri-
nary diversion, the imaging performed in supine position is 
insufficient to correctly evaluate urine drainage. On the other 
hand, DR carefully selects candidates for surgery, avoiding 
unnecessary treatment in the subgroup of non-obstructed 
hydronephrosis. In BC pts the capacity of neobladder may be 
reduced. Using F + 10(sp) method, a lower dose of Furosem-
ide (20 mg) and a shorter interval between diuretic admin-
istration (10 min) and the end of dynamic phase (20 min) 
improved patient compliance avoiding full bladder related 
problems, without need of bladder catheterization. The 
evaluation of semiquantitative indices diuretic half time and 
20 min/peak ratio measured in a condition of favorable grav-
ity may reduce uncertain responses due to supine position, 
improving interobserver concordance.
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