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Abstract 

Background: Pelviureteric junction (PUJ) obstruction is a 

common cause of neonatal and antenatal hydronephrosis, often 

diagnosed in childhood, but can also affect adults. Diagnosis 

involves various imaging modalities, with magnetic resonance 

imaging (MRI) offering high-resolution, non-invasive assessment. 

Diffusion-weighted MRI (DW-MRI) and dynamic contrast-

enhanced (DCE) MRI are advanced techniques that provide 

functional imaging, while diuretic renography is the established 

method for evaluating obstruction. This study aims to evaluate 

the effectiveness of DW-MRI and DCE-MRI parameters 

compared to diuretic renography in assessing PUJ obstruction. 

Methods: Thirty patients diagnosed with PUJ obstruction were 

included in this cross-sectional study conducted at the Urology 

and Nephrology Center, Mansoura University, Egypt, from 

October 2023 to September 2024. All patients underwent MRI, 

including DW-MRI and DCE-MRI, alongside diuretic 

renography. Results: Significant differences were found between 

obstructive and non-obstructive groups in diuretic renography, 

with higher T1/2 and lower glomerular filtration rate (GFR) in 

obstructive cases (P ≤ 0.001). Apparent diffusion coefficient 

(ADC) values from DW-MRI significantly differed between 

groups (P < 0.001). A ROC curve analysis showed that ADC had 

a sensitivity of 77.8% and specificity of 52.2% for predicting obstruction at a cutoff of 

2.17. Conclusion:
 
DW-MRI provides significant functional data that correlates with 

diuretic renography parameters, demonstrating its potential as a reliable alternative for 

assessing PUJ obstruction. 
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Introduction 

Pelviureteric junction (PUJ) obstruction 

is a condition impairing urine flow from 

the renal pelvis to the proximal ureter, 

predominantly presenting in childhood 

as the leading cause of neonatal and 

antenatal hydronephrosis, but it can also 

affect adults and the elderly (1). 

Congenital pelviureteric junction 

obstruction (PUJO) encompasses a 

spectrum from physiological impairment 

to structural disorganization of the 

ureteropelvic junction, featuring smooth 

muscle hypertrophy, fibrosis, and renal 

parenchymal changes (2). Its primary 

causes include intrinsic muscular defects 

affecting peristalsis and urine drainage 

or extrinsic compression by aberrant or 

accessory vascular structures crossing 

the PUJ or upper ureter (3). 

Various imaging modalities, including 

renal ultrasonography, intravenous 

urography (IVU), and retrograde 

ureteropyelography, are employed in 

diagnosing PUJO, with newer methods 

like multiphasic helical CT and 

endoluminal ultrasonography aiding in 

identifying the etiology. Magnetic 

resonance imaging (MRI) offers superior 

advantages, such as high-resolution 

imaging, excellent soft-tissue 

characterization, direct multiplanar and 

3D reformatting, and the use of non-

ionizing radiation with non-nephrotoxic 

contrast media. MRI's versatility allows 

for combining techniques into a single 

comprehensive 'all-in-one approach,' 

potentially replacing multiple traditional 

imaging methods (4). 

Diffusion-weighted magnetic resonance 

imaging (DW-MRI) is a noninvasive 

technique that quantifies tissue diffusion 

using the apparent diffusion coefficient 

(ADC), enabling the functional 

assessment of obstructed and 

unobstructed kidneys without ionizing 

radiation. It can also analyze perfusion if 

diffusion and perfusion signals are 

separated (5). Dynamic contrast-

enhanced (DCE) MRI assesses renal 

tissue perfusion by tracking the passage 

of a contrast agent bolus with high 

temporal resolution, using mathematical 

models to calculate tracer concentration, 

tissue perfusion, and distribution volume 

(6). 

Diuretic renography is a valuable tool 

for evaluating dilated urinary tracts, 

distinguishing obstructed from 

unobstructed systems, and assessing 

functional and urodynamic outcomes of 

corrective surgeries (7). Diuresis renal 

scintigraphy provides extensive 

quantitative dynamic and functional data 

using radiotracers like technetium-99m 

diethylenetriamine penta-acetic acid 

(99mTc-DTPA) and technetium-99m 

mercaptoacetyltriglycine (99mTc-

MAG3). Obstruction severity is assessed 

through parameters such as renal uptake, 

excretion, time to peak activity (Tmax), 

and time to half peak activity (T1/2) 

following furosemide washout (8). 
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The purpose of this study is to assess the 

PUJO via diffusion and perfusion 

parameters on three tesla (T) MRI in 

comparison to diuretic renography as a 

basal or gold standard study. 

Patients and methods: 

Study design: Cross-sectional  

Design and population 

This study included 30 patients of any 

age and both sexes with PUJO, and was 

carried out at Radiology Department, 

Urology and Nephrology Center, 

Mansoura University, Egypt. In the 

period from October 2023 to September 

2024. The study was done after being 

approved by the Institutional Review 

Board (IRB), Faculty of Medicine, 

Benha University. Informed consents 

were taken from patients and the parents 

of children age group patients as well 

with MRI procedures and diuretic renal 

scintigraphy (DRS) were fully explained 

to them. 

Exclusion criteria were established to 

ensure safety and prevent complications, 

including poor general condition (e.g., 

shock, massive hemorrhage) and 

absolute contraindications to MRI (e.g., 

metallic pacemakers). 

Evaluations 

All patients underwent a comprehensive 

evaluation, including complete history 

taking and clinical examination, 

covering personal history (e.g., age, 

special habits), presenting complaints 

(e.g., loin pain, palpable mass, UTI, 

antenatal hydronephrosis), details of the 

current illness (onset, course), past and 

family history of similar conditions, 

associated congenital anomalies, and 

both general and local examinations. 

Laboratory investigations will include 

serum creatinine levels, while imaging 

studies will involve MR diffusion-

weighted imaging, DCE perfusion 

imaging, and 99mTc-DTPA diuretic 

renography. 

Techniques 

MRI was performed using a 3-T MR 

scanner (Ingenia 3.0 T, Philips Medical 

Systems) with patient preparation 

including removal of metallic objects, 

oral hydration limited to 250 mL, and 

urination before the exam to prevent 

bladder overfilling. Children were 

sedated with oral chloral hydrate (50–80 

mg/kg) or intravenous sedation based on 

age, with monitoring of vital signs 

during the procedure. Sedated patients 

were kept fasting for 4–6 hours prior to 

the exam to mitigate aspiration risks. 

Patients were positioned supine with 

appropriate head or body coils, and 

sedation was used for eight children, the 

oldest being six years old. 

MR Urography (MRU) 

MRU began with a coronal localizer to 

identify the abdominal aorta and renal 

artery origins, followed by axial T2-FSE 

imaging of the entire urinary system, 

including the bladder, to detect 

abnormalities like ureterocele, dilated 

ureters, or thickened bladder walls. 
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Heavy T2-weighted 3D FSE sequences 

were acquired in a coronal orientation 

over the kidneys, ureters, and bladder 

with respiratory triggering to reduce 

motion artifacts. Renal diffusion-

weighted imaging (DWI) used a single-

shot spin-echo echoplanar sequence with 

a b-value of 800 s/mm² and fat saturation 

to avoid artifacts. DCE imaging involved 

intravenous furosemide followed by 

gadopentetate dimeglumine-DTPA to 

assess renal perfusion and the excretory 

phase of the urinary tract, with 

sequences repeated at intervals up to 15 

minutes. Maximum intensity projection 

(MIP) images were used to visualize the 

pelvicalyceal system and ureters, with 

delayed imaging as needed. Continuous 

breathing was used for infants and young 

children, while older patients underwent 

breath-holding. The examination 

duration ranged from 30 minutes for 

non-obstructed units to 45 minutes for 

obstructed units. 

MRU images were analyzed using 

anatomical and functional criteria. 

Morphological assessment included 

renal size, degree of collecting system 

and ureteral dilation, pelvic 

anteroposterior (AP) diameter 

measurement on axial T2 images, 

corticomedullary differentiation 

evaluation, and cortical thinning 

analysis. DWI was assessed by placing 

ellipsoidal regions of interest (ROIs) 

bilaterally in renal poles, estimating 

mean ADC values for each kidney, and 

comparing them with functional 

parameters like glomerular filtration rate 

(GFR) from diuretic renography. DCE 

perfusion analysis involved visual 

interpretation of pre- and post-contrast 

images to assess parenchymal 

enhancement and excretory function, 

followed by functional analysis using 

Intellispace portal software. Perfusion 

curves were generated from ROIs 

covering the renal parenchyma, 

excluding the pelvicalyces, to derive 

functional parameters such as relative 

enhancement, maximum enhancement, 

time to peak, and wash-in rate, which 

were compared with parameters from 

diuretic renography. 

Diuretic Renography 

It was conducted following thorough 

preparation, including explaining the 

procedure to parents and children, 

ensuring hydration, and occasionally 

catheterizing the bladder, particularly in 

cases with suspected vesicoureteric 

reflux (VUR). The procedure involved a 

rapid IV injection of technetium-99m -

DTPA at an age-appropriate dose, with 

furosemide administered either before or 

after the tracer injection, depending on 

age. Imaging was performed using a 

gamma camera to capture perfusion, 

uptake, and excretion phases over 20 

minutes. ROIs were drawn to calculate 

split renal function, GFR, and 

obstruction parameters. Time-activity 

curves were generated, detailing 

perfusion, uptake, and excretion phases, 

with metrics like time to peak and half-

time (T1/2). Sedation was administered 

as needed, like MRI protocols. Urinary 

excretion assessment was performed 

using visual interpretation and curve 
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analysis, aligning results from MR 

urography and diuretic renography for 

comprehensive evaluation. 

(SPSS Inc., Chicago, Illinois, USA) 

Statistical analysis  

Data was analyzed using the Statistical 

Package for the Social Sciences (SPSS) 

program for Windows (Standard version 

24). The normality of data was assessed 

using the Shapiro-Wilk test. Qualitative 

data were presented as numbers and 

percentages, while continuous variables 

were reported as mean ± SD for 

normally distributed data and median 

(Min-Max) for non-normal data. 

Comparisons between the two groups 

were made using the independent t-test 

for parametric data and the Mann-

Whitney test for non-parametric data. 

Pearson and Spearman correlations were 

used to assess relationships between 

continuous variables, depending on the 

data's normality. Sensitivity and 

specificity at different cutoff points were 

evaluated using ROC curves, and results 

were considered significant when p ≤ 

0.05. The study results were collected, 

analyzed, tabulated, and summarized 

statistically. 

Approval code: MD 19-4-2022 

Results 

The median age of the cases studied was 

25 years, with the most common age 

group being under 20 years (46.7%), 

followed by the 20-40 years and over 40 

years age groups (26.7% for each). The 

male-to-female ratio was 56.7% to 

43.3%. Regarding the site of pelvi-

ureteric junction obstruction, right-sided 

obstructions were found in 43%, left-

sided in 36.7%, and bilateral 

obstructions in 20% of the cases. 

Diuretic renography parameters showed 

no significant difference between 

obstructive and non-obstructive groups 

regarding peak time. However, the 

obstructive group had a highly 

statistically significant increase in T ½ 

and significant decreases in both 

contribution and GFR compared to the 

non-obstructive group (P ≤ 0.001). 

Regarding diffusion parameters on 3T 

MRI, there was a statistically significant 

difference between the groups. For 

functional perfusion parameters, no 

significant differences were observed 

between the obstructive and non-

obstructive groups. Table 1 

There was a highly statistically 

significant correlation between GFR 

(ml/min) and ADC (10⁻³ mm²/s) in the 

non-obstructive group (P < 0.001) and a 

statistically significant correlation in the 

obstructive group (P < 0.05). ADC 

showed a negative significant correlation 

with Time to Peak in both obstructive 

and non-obstructive groups. In the non-

obstructive group, ADC demonstrated a 

significant positive correlation with both 

Relative Enhancement and Maximum 

Enhancement. Table 2 

There were no statistically significant 

correlations between Relative 

Enhancement (%), Maximum 
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Enhancement, Maximum Relative 

Enhancement (%) and diuretic 

renography parameters, except for the 

contribution parameter, which showed a 

significant positive correlation with both 

Relative Enhancement (%) and 

Maximum Enhancement. Table 3 

There was a significant positive 

correlation between peak time and wash-

in rate, and a significant negative 

correlation between GFR and time to 

peak, with no significant correlation 

observed for the remaining parameters. 

Table 4 

The receiver operating characteristics 

(ROC) curve for predicting the 

obstructive group using ADC showed 

that at a cutoff of 2.17, ADC had an area 

under the curve (AUC) of 0.67, with 

sensitivity, specificity, positive 

predictive value (PPV), negative 

predictive value (NPV), and accuracy of 

77.8%, 52.2%, 71.8%, 60%, and 68.8%, 

respectively. Figure 1 

 
Table 1: Diuretic renography, diffusion on 3 T MRI, and functional of perfusion parameters 

among obstructive and non-obstructive groups 

Diuretic Renography Obstructive Group 
Non-Obstructive 

Group 

Test of 

Significance 
P Value 

Peak time (min) 3.87 (1-20) 3.75 (1-12.25) Z=1.65 0.098 

T 1/2 (min) 32.71 (0-3361.6) 12.50 (2.75-28.34) Z=4.78 ≤0.001* 

Contribution (%) 38.83 (10.72-100) 64.85 (55.99-89.28) Z=6.03 ≤0.001* 

GFR (ml/min) 25.75 (5.85-47.48) 48.72 (11.73-72.84) Z=4.69 ≤0.001* 

Mean ± SD 1.87±0.38 2.06±0.35 t=1.97 0.05 

Rel Enhancement 

(%) 
130.98±29.94 139.71±29.95 t=1.092 0.279 

Max Enhancement 1162.7 ±425.77 1265.0±431.99 t=0.895 0.375 

Max Rel 

Enhancement (%) 
117.10±45.18 131.33±43.8 t=1.193 0.238 

Time To Peak (S) 128.67±50.05 133.02±45.79 t=0.337 0.738 

Wash In Rate (s~1) 27.87 (2.30-103.72) 37.54 (5.39-111.63) Z=1.41 0.157 

Z: Mann Whitney test, *significant p≤0.05. t: Independent t-test, T1/2: half-life, GFR: Glomerular 

Filtration Rate, Rel: relative. 
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Table 2: Correlation between GFR (ml/min), functional parameters of perfusion and 

ADC (10⁻³ mm²/s) 

 

Obstructive 

ADC (10⁻³ mm²/s) 

Non obstructive 

ADC (10⁻³ mm²/s) 

 r P value r P value 

GFR (ml/min) 0.461 0.005* 0.658 0.001* 

Rel Enhancement (%) 0.118 0.493 0.440 0.036* 

Max Enhancement 0.078 0.650 0.619 0.002* 

Max Rel Enhancement (%) -0.218 0.202 -0.015 0.945 

Time To Peak (S) -0.553 ≤0.001* -0.502 0.015* 

Wash In Rate (s~1) 0.123 0.475 0.386 0.069 

r: Spearman correlation, *significant p≤0.05, ADC: Apparent Diffusion Coefficient, GFR: Glomerular 

Filtration Rate. 

 

Table 3: Correlation between Rel Enhancement (%), Max Enhancement, Max Rel Enhancement 

(%) and diuretic renography parameters 

Diuretic renography 

parameters 

Rel Enhancement 

(%) 

Max 

Enhancement 

Max Rel 

Enhancement 

(%) 

  r P value r P value r P value 

Peak time 

(min) 

Obstructive 0.063 0.714 0.040 0.819 -0.008 0.962 

Non 

obstructive 
0.356 0.096 0.315 0.143 0.287 0.184 

T 1/2 (min) 

Obstructive 0.175 0.307 0.120 0.487 0.012 0.944 

Non 

obstructive 
-0.078 0.723 

-

0.218 
0.317 -0.179 0.413 

Contribution 

(%) 

Obstructive 0.400 0.016* 0.360 0.031* 0.060 0.728 

Non 

obstructive 
0.183 0.404 

-

0.081 
0.713 0.181 0.408 

GFR 

(ml/min) 

Obstructive 0.277 0.102 0.186 0.277 -0.267 0.115 

Non 

obstructive 
0.384 0.070 0.405 0.055 0.024 0.913 

r: Spearmen correlation, T 1/2: Half-life Time, GFR: Glomerular Filtration Rate 
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Table 4: Correlation between Time to Peak (S), Wash in Rate (s~1) and diuretic 

renography parameters 

Diuretic renography 

parameters 

Time To Peak (S) Wash In Rate (s~1) 

r P value r P value 

Peak time 

(min) 

Obstructive -0.174 0.309 0.090 0.600 

Non obstructive -0.397 0.061 0.532 0.009* 

T 1/2 (min) 
Obstructive 0.116 0.502 -0.035 0.840 

Non obstructive 0.230 0.292 -0.349 0.103 

Contribution 

(%) 

Obstructive 0.097 0.572 -0.103 0.551 

Non obstructive -0.234 0.282 0.031 0.890 

GFR 

(ml/min) 

Obstructive -0.224 0.188 -0.148 0.389 

Non obstructive -0.474 0.022* 0.314 0.144 

r: Spearmen correlation, T 1/2: Half-life Time, GFR: Glomerular Filtration Rate 

 

 
Figure 1: ROC for prediction of obstructive group by ADC 
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Discussion 

PUJO is a common urological disorder 

that can occur at any stage of life, with 

well-documented etiologies in children 

but limited data on adults (9). DWI and 

its derived ADC provide valuable 

insights into renal tissue properties, 

reflecting both water diffusion and 

capillary perfusion, which are crucial for 

kidney function (10). DCE MRI further 

evaluates renal tissue perfusion by 

tracking the passage of contrast agents, 

offering high temporal resolution to 

assess blood flow (11). Diuretic 

renography, a dynamic non-invasive test, 

differentiates obstructed from non-

obstructed urinary tracts by evaluating 

renal function and urine transit (12). This 

study aims to assess PUJO through 

diffusion and perfusion parameters on 

3T MRI, comparing these findings to 

diuretic renography, the standard method 

for evaluating urinary tract obstruction. 

The demographic data in this study 

showed no significant difference in the 

mean age between the obstructive and 

non-obstructive groups. The male-to-

female ratio was also similar between 

the two groups. In comparison, some 

authors conducted on 46 patients ranging 

from 1 week to 17 years, with a median 

age of 7 years, found a higher percentage 

of boys than girls in their cohort (13). 

The current study investigates PUJO and 

its associated hydronephrosis, noting the 

occurrence of right, left, and bilateral 

PUJO in a significant proportion of 

cases. Diuretic renography findings 

revealed significant differences in the 

obstructive group, particularly with 

increased T ½ and decreased 

contribution and GFR compared to the 

non-obstructive group. Additionally, the 

study found statistically significant 

differences in the diffusion parameters 

on 3T MRI between the two groups. 

These findings highlight the utility of 

both diuretic renography and advanced 

MRI techniques in assessing PUJO. 

The current study found a significant 

correlation between GFR and apparent 

ADC in both obstructive and non-

obstructive groups, with a stronger 

correlation observed in the non-

obstructive group. This aligns with 

previous research that demonstrated 

lower ADC values in hydronephrotic 

kidneys compared to normal kidneys, 

with a positive correlation between ADC 

and GFR, suggesting ADC as a potential 

non-invasive indicator of renal function 

(14). Other studies have also reported 

reduced ADC values in obstructed 

kidneys, reinforcing its relevance in 

evaluating renal pathology (15). 

Studies have explored the potential of 

ADC values in evaluating kidney 

function and obstruction. Research 

indicates that obstructed kidneys, 

particularly with malignant etiology, 

show lower ADC values, although these 

changes are not statistically significant 

(15). In hydronephrotic kidneys, a 

positive correlation between ADC values 

and GFR suggests the utility of DWI in 

assessing renal function (16). However, 
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studies also show that short-term 

obstruction may not significantly alter 

ADC values, emphasizing the 

importance of considering the duration 

and severity of obstruction when 

interpreting DWI results (10). Moreover, 

MRI urography has demonstrated high 

utility in evaluating renal function, 

particularly in pediatric populations (13). 

The current study demonstrated a 

significant negative correlation between 

ADC (10⁻³ mm²/s) and Time to Peak in 

both obstructive and non-obstructive 

groups. Additionally, in the non-

obstructive group, ADC showed a 

significant positive correlation with both 

Relative Enhancement and Maximum 

Enhancement. Similarly, some authors 

found no correlation between renal ADC 

and any morphological or fMRU 

parameters in children with unilateral 

pelvicalyceal dilation, both in the overall 

sample and individual group analyses 

(17). 

This study investigated the relationship 

between dynamic contrast-enhanced 

magnetic resonance perfusion 

parameters, such as relative 

enhancement, maximum enhancement, 

time to peak, and wash-in rate, and 

diuretic renography parameters. It found 

no significant correlations between most 

perfusion parameters and diuretic 

renography, except for a positive 

correlation between the contribution 

parameter, relative enhancement, and 

maximum enhancement. Additionally, a 

significant positive correlation was 

observed between peak time and wash-in 

rate, and a negative correlation between 

GFR and time to peak. These results are 

consistent with some authors’ findings, 

which suggested that semiquantitative 

and quantitative models could provide 

rough estimates of relative renal function 

and, in some cases, GFR, with better 

accuracy than eGFR (18). The study also 

showed that ADC had high sensitivity 

and moderate specificity in predicting 

obstruction. 

Despite the promising outcomes of the 

current study, some few limitations must 

be noted; long time for MRI examination 

lasting for about 30 to 60 minutes which 

requires sedation of small children and 

infants to minimize motion artifacts, 

expensive MRI study, Gadolinium 

administration requires non-

compromised renal function otherwise it 

would not be absolutely safe and single-

centered study are considered the main 

limitations. 

Conclusion 

MRI, especially with DWI and DCE-

MRU, is an effective non-ionizing tool 

for assessing PUJO, providing both 

anatomical and functional insights. DWI 

with ADC measurements offers a 

reliable, non-invasive functional 

parameter, correlating well with diuretic 

renography. DCE-MRU aids in 

morphological and functional 

assessment, though its perfusion 

parameters are less significant compared 

to diuretic renography. Incorporating 

DWI into MRI protocols is 

recommended, offering a safer, contrast-
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free approach, particularly for patients 

with impaired renal function. 
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