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Restricted diffusion MRI as a functional 
biomarker for the assessment of acute 
calcular upper urinary tract obstruction: initial 
experience
Heba M. Abou El Atta1, Amal Abdelsattar Sakrana2 and Haytham Shebel3*  

Abstract 

Background: Acute renal obstruction due to stone is a prevalent scenario. The diffusion-weighted magnetic reso-
nance imaging (DWI) of the kidneys provides a noninvasive information on renal function. Our objective is to prospec-
tively assess the potential role of DWI to predict the signal changes of a kidney with acute calcular obstruction.

Results: Chi-square and Fissure exact tests were used to assess the association of diffusion signal changes among 
patients and control groups. Cohen’s Kappa test was run to determine the degree of agreement between the two 
radiologists. An independent sample t-test was performed to assess the significant difference among ADC values 
between the two groups. Restricted signals of the obstructed kidneys showed a statistically significant difference 
when compared with contralateral unobstructed kidney and control group with p value (0.001) and (0.01), respec-
tively. Furthermore, there is a moderate agreement between the two radiologists K = 0.7, p = 0. 001. There is no statis-
tically significant difference in ADC values when comparing the obstructed kidney and the contralateral unobstructed 
kidney of the patient group or with the control group p value (0.06) and (0.05), respectively.

Conclusion: Restricted signals of the obstructed kidney by DWI may be a helpful tool in diagnosing acute unilateral 
renal obstruction and can affect its management; however, it needs further validation by more studies.
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Key points

• A new application of MRI diffusion in acute renal 
obstruction.

• Restricted signals were present in a significant num-
ber of obstructedkidneys.

• MRI can be used in diagnosis of indeterminate acute 
renal obstruction.

Background
Acute obstructive uropathy is a commonly encountered 
condition occurring in a broad group population. One of 
the most prevalent causes of acute obstruction is a renal 
stone. Unilateral ureteral stone obstruction is affecting 
up to 15% of the population [1]. Usually, with this unilat-
eral obstruction, serum creatinine is not affected unless 
the condition became bilateral. During obstruction, the 
kidneys have functional, morphological, and biochemical 
changes; these changes can finally lead to renal function 
loss. Therefore, early diagnosis and intervention can pre-
serve the affected kidney [2, 3].

The imaging gold standard to diagnose and follow 
upper urinary tract obstruction is antegrade perfusion 
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pressure-flow test (Whitaker test) and renal diuretic 
scintigraphy. However, both techniques have many 
limitations and disadvantages, like the exposure of 
significant radiation with diuretic scintigraphy and 
its inaccurate estimation, especially in patients with 
excessive dilatation of the collecting system or less 
than 20% difference between both renal functions [4, 
5]. The Whitaker test is also an invasive technique that 
needs a particular skill that might need high experi-
ence [6, 7]. Furthermore, both techniques have no 
wide availability. Despite the Doppler ultrasonography 
availability, its value in renal obstruction assessment 
has many controversies, so its clinical implementation 
still has no clinical significance [8].

Computed tomography [CT] is the imaging modal-
ity of choice in the diagnostic workflow of urinary 
tract stone and essential to determine the level of 
intervention required. Computed tomography is supe-
rior to magnetic resonance imaging [MRI] in stone 
detection [9]. Also, secondary signs with CT, such as 
the decrease in attenuation of the renal parenchyma 
and obliteration of renal sinus fat, can suggest acute 
obstruction. Furthermore, the diagnosis of acute 
obstruction is based on clinical symptoms and labora-
tory findings, which are not always very reliable and 
may not be evident in every case. Even the morpho-
logical dilatation detected by CT does not differenti-
ate acute from chronic renal obstruction. Additionally, 
this dilatation could be due to other causes rather than 
obstruction [10, 11].

Diffusion-weighted magnetic resonance imaging 
(DWI) and apparent diffusion coefficient (ADC) of 
the kidneys provides noninvasive information on renal 
function in healthy volunteers and many renal func-
tion disorders [12–14].

One of the important implications of DWI is diag-
nosis of acute brain infarction with high confidence 
based on restricted signals at the affected area. Few 
studies have applied the DWI sequence to evalu-
ate obstructive uropathy of the affected kidneys [10, 
15, 16]. These studies focused mainly on ADC values 
changes. However, to the best of our knowledge, no 
studies tried to assess the obstructed kidney’s signal 
changes. Based on this knowledge, we sought to assess 
the signal changes on the DWI of the kidney presented 
by acute ureteral obstruction due to a stone where the 
acute backpressure effect can yield similar changes.

Therefore, the purpose of this study was to prospec-
tively assess the potential role of DWI to predict the 
signal and functional changes of a kidney with acute 
calculus obstruction.

Methods
Patient population
This prospective cohort study was approved by the local 
ethics committee and written informed consent had 
obtained from all individuals. This study was performed 
in accordance with the declaration of Helsinki;1964.

The inclusion criteria included patients with the stone 
disease and normal renal function. The exclusion criteria 
were chronic kidney disease, obstructive uropathy due to 
causes other than stone, hepatic or splenic disorder, and 
renovascular disorder. One of these patients was referred 
he had received a second session of Extra Corporeal 
Shock Wave Lithotripsy [ESWL]. The standard protocol 
of the management was done for all of them included 
clinical examination, analgesic administration to relief 
the pain and non-contrast CT to detect a potentially 
urinary stone. All patients were diagnosed with ureteric 
stones related to the affected site of pain.

Additionally, an appropriate management plan was 
designed for each one of them. MRI examinations for 
all patients were done after receiving the appropriate 
renal colic management, and no contraindication to MRI 
examination. The mean duration of the time between the 
arrival to the emergency department to apply MRI exam-
ination was 30 min range [20 to 45 min] and maximum 
up to 8 min range [5–8 min] from taking analgesia before 
its effect could be achieved, while the mean duration 
between the initial symptoms and MR imaging was 13 h 
[range, 10–24 h].

Another group of sixteen healthy volunteers was 
involved in control group, matched to the patients 
regarding age and sex (4 women, 12 men). The control 
group had no history of renal disease, previous stone 
formation, or related renal disorders. Additionally, the 
control group had no history of hypertension, vascular or 
systemic diseases, and no recent medication history. All 
the control group underwent the same protocol of MRI 
examination.

MRI protocol
MR imaging was performed with a 1.5-T unit (Magnetom 
Avanto; Siemens, Germany) using a 12-channel body coil 
used for all sequences.

For morphologic evaluation, axial T2-weighted half-
Fourier rapid acquisition was performed with the 
following parameters (time of repetition (TR), 10,000–
14,000  ms; time to echo (TE), 80–90  ms; section thick-
ness, 5  mm; intersection gap, 0  mm; matrix, 256 · 160; 
the number of excitations (NEX), 2; field of view (FOV), 
36 cm).

For functional evaluation, axial and coronal multi-sec-
tion echo-planar diffusion-weighted MR imaging (DWI) 
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was performed with the following parameters: (thick-
ness, 5  mm; intersection gap, 1  mm), the field of view, 
36 cm; matrix, 192 × 192; bandwidth, 1446 Hz per pixel; 
and partial Fourier, 6/8. Diffusion gradient b values were 
applied (in seconds per square millimeter) as follows: b 
values were (0, 50, 100, 200, 500 and 800 s/mm2). These 
values were applied in three orthogonal planes to mini-
mize the effects of diffusion anisotropy. Respiratory trig-
gering was used to reduce physiological motion artifact.

Image analysis
Two experienced radiologists with 17 and 12  years in 
body MRI imaging [HS and HA, respectively] were 
involved independently in interpreting MRI sequences. 
Both radiologists were blinded to the results of CT. From 
a statistical point, we have excluded the presence of the 
stones as it was a constant finding in all patients. We 
evaluated the associations between other CT findings 
[hydronephrosis and perinephric strands] as absence or 
presence with the diffusion pattern.

Regarding DWI signals, both radiologists have evalu-
ated both kidneys independently, using the signals of the 
spleen and the signal pattern of the kidneys in the control 
group as a reference for judgment. We compared the sig-
nal pattern of DWI at both kidneys with that of the con-
trol group. When there was a restricted bright signal of 
one kidney, we compared its signal with the contralateral 
side and the spleen. Kidneys were assigned as positive 
when there is a diffuse increased signal intensity of the 
renal parenchyma higher than that of the control group 
or contralateral side and near the splenic signal intensity 
parenchyma.

Regarding the interpretation of ADC measures, a circu-
lar region of interest (ROIs) was placed in the upper pole, 
mid-zone, and lower pole of the parenchyma at both 
kidneys to take the average ADC value of the affected 
kidneys as well as the control group. In the case of the 
control group, ADC values at both kidneys were averaged 
to give a single value. The measurement of ADC values 
was done with Syngo VB17 software.

Statistical analysis
A sample size estimation was calculated to be at least 16 
patients and 16 control subjects from a power analysis 

based on previous diffusion-weighted MR imaging 
results in native kidneys (9), assuming similar standard 
deviations. For comparison between patients and control 
groups regarding the diffusion restriction pattern, nomi-
nal variables were used to assess if there is a significant 
association between diffusion changes at both groups 
using Chi-square or Fisher Exact tests. Additionally, the 
same tests were used to compare the association between 
CT signs other than stones and DWI pattern at both 
groups.

Cohen’s Kappa test was run to determine whether 
there was an agreement between the two radiologists 
on whether there was a restricted or free diffusion of the 
kidneys at the patient’s group compared with the control 
group and the contralateral kidneys of the same patients.

ADC values for both groups showed no violation of 
normal distribution as assessed by the Shapiro–Wilk test 
and no significant Skewness or kurtosis with comparable 
means and median at both groups. An independent sam-
ple t-test was performed to assess the significant differ-
ence among ADC values between the two groups. For all 
statistical tests, a p value of less than 0.05 was considered 
a statistically significant difference. Statistical analyses 
were performed with STATA/IC Version 15.and SPSS 
software (SPSS, version 23, SPSS, Chicago).

Results
Forty patients referred from the urology department due 
to acute renal colic; however, 18 (four women, 14 men; 
mean age, 34  years; age range,25–54  years) patients 
were included in this study based on our inclusion cri-
teria All patients presented with renal colic had ureteric 
stones with an average mean diameter of 3  mm, range 
(2–5 mm), 12 cases in the distal ureter, and 6 cases in the 
proximal ureter.

CT findings
Perinephric strands without hydronephrosis in four cases 
and with hydronephrosis in 3 cases while the remain-
ing 11 cases with no significant hydronephrosis or per-
inephric strands. There were associated peripheral 
non-obstructing small renal stones at five patients [2 
stones at the right kidney and 3 stones at the left kidney] 
(Table 1).

Table 1 Summary of the site of the stone and CT signs

NB: [+ +] = with hydronephrosis], [− −] = without hydronephrosis]

Site of the stone Non-obstructing renal 
stone

CT signs

Proximal Distal Right Left Strands +  + Strands −  − No strands or hydronephrosis

6 12 2 3 3 4 11
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Assessment of restricted DWI
The normal signal intensity of the kidneys at the control 
group is symmetrical low signal less than the spleen on 
the high b value images and exhibited high signals com-
pared with the spleen on the ADC map (Fig. 1).

The first reader [HS] identified 11 cases with 
restricted diffusion at the kidney on the same side of 
the ureteric stone. The second reader [HA] identified 
nine cases that had restricted diffusion patterns. There 
was a moderate agreement between the two reader’s 
judgments using Cohen’s Kappa, K = 0.77 [95% CI, 
0.76 to 0.79] p = 0.001.

Nine cases presented with renal colic had restricted 
signal on DWI corresponding to the same side of the 
stone as both radiologists identified. The restricted 
DWI signals had emphasized in  Figs.  2, 3.  This 
restricted signal pattern yielded a statistically signifi-
cant difference compared with the contralateral unob-
structed kidney and the control group using Fisher 
Exact test with p value (0.001) and (0.01), respectively 
(Table 2).

Additionally, there is a significant statistical associa-
tion between the diffusion pattern and CT signs other 
than a stone with a p value (0.006) using the Fisher 
exact test.

Assessment of ADC values
The mean ADC value was 2.08 × 10–5 mm2 /sec + 0.13, 
1.97 × 1x10-5 mm2 /sec + 0.13, and 1.99 × 10–5 
 mm2/s + 0.12 for control, obstructed and contralateral 
kidney of the patient groups respectively (Fig. 4).

There is no statistically significant difference in ADC 
values compared between the obstructed kidney and the 
contralateral unobstructed kidney of the patient group or 
with the control group using independent sample t-test 
p value (0.06) and (0.05), respectively. Additionally, no 
statistically significant difference in ADC values between 
the control group and contralateral unobstructed kidney 
p value (0.05).  Table  3 Furthermore, our results did not 
show a statistically significant difference in ADC values 
with CT findings at both groups [positive CT findings 
versus negative CT finding] with p value (0.1).

Discussion
This pilot study showed restricted diffusion signals in 
50% of the cases with unilateral acute obstruction. This 
restriction pattern yielded significant statistical differ-
ences compared with contralateral unobstructed kidneys 
and control groups; p values were (0.001) and (0.01), 
respectively. There was a substantial agreement between 
the two readers in detection of restricted signals of the 

Fig. 1 Example of normal appearance of both kidneys on the diffusion-weighted image. Normal kidneys with high b value = 800 (a), both kidneys 
are of low signal intensity compared with spleen as a reference. ADC map (b), both kidneys exhibit high signals when compared with the spleen, 
which showing low signal compared with high b value image
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Fig. 2 A 32-year-old male patient presented with left renal colic, Coronal reformatted CT (a), shows left hydronephrosis due to stone [not shown] 
along the course of the left pelvic ureter, Diffusion image (b), demonstrating diffuse high signal of the left kidney compared with contralateral right 
kidney and almost equal to the spleen. ADC map (c) shows a reduction of the signal intensity at the left kidney with hydronephrosis compared with 
the right kidney and spleen. S refers to spleen at both (b, c)

Fig. 3 A 42-year-old female patient presented with left renal colic after she had two sets of Extracorporeal shock wave lithotripsy [ESWL], Coronal 
reformatted CT (a), showed left hydronephrosis [orange arrow] and multiple small stones [blue arrow] at left ureterovesical junction. Diffusion 
image (b) demonstrated diffuse high signal of the left kidney compared with contralateral right kidney. ADC map (c), Showed a reduction of the 
signal intensity of the left kidney with hydronephrosis compared with the right kidney and spleen. S refers to spleen at both (b, c)
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affected kidney, Cohen’s Kappa, K = 0.77 [95% CI, 0.76 to 
0.79] p = 0.001. Additionally, our results showed a signifi-
cant correlation between the restricted pattern and posi-
tive CT signs suggestive obstruction; p value (0.006). On 
the other hand, the ADC values in the obstructed kid-
neys were slightly lower when compared with the unob-
structed kidneys and the control group; however, these 
differences were not statistically significant.

Interestingly, many authors have discussed the feasibil-
ity and reproducibility of DWI as a functional noninva-
sive assessment of the native and transplanted kidneys 
in healthy volunteers and kidney diseases [12, 17–20]. 
With a particular focus regarding renal obstruction, 
many authors have evaluated the role of ADC values [10, 
15, 21]. Still, to the best of our knowledge, no one had 
discussed the changes in the signal pattern with renal 
obstruction.

Table 2 DWI_Pattern between both groups

Small subscript letter [a, b] denotes there is a significant difference between both groups. Column proportions differ significantly from each other at the .05 level

DWI Diffusion-weighted imaging

Group Total P value

Control Patients

DWI_Pattern Free Cases 16a 9b 25 0.01

Restricted Cases 0a 9b 9 0.001

Total Cases 16 18 34

Fig. 4 Box plots of ADC (control group) ADC in, (affected kidneys) ADC in, (contralateral kidneys). For each group, the box plot indicates the mean 
(central horizontal line), the 75th quartile (top of box), the 25th quartile (bottom of box), there is no significant difference between ADC values 
of the control group and the affected kidneys, control group and contralateral kidney or between affected and contralateral kidneys of the same 
patient
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Our results show agreement with Zulkif Bozgeyik et 
al. [22], who studied Twenty-six patients with acute dil-
atation of the pelvicalyceal system by DWI concluded 
no statistical significance of ADC values between the 
obstructed kidneys and normal kidneys in the early 
phase of the obstruction. Another agreement with 
our results with Thoeny et al. [10], used standard pro-
cessing and separated diffusion and perfusion meth-
ods using high and low b values. They concluded that 
standard processing of diffusion showed no significant 
differences between ADC in the cortex and medulla 
of the obstructed and contralateral unobstructed kid-
neys. While on the same study, showed a significant 
difference between the obstructed and healthy kidney’s 
ADC.

Another study, Düzenli et al. [15], examined 24 patients 
with unilateral ureter stones and performed DWI after 
28.3  h as a mean duration between the initial symp-
toms and MRI examination. They reported a significant 
anatomical difference of ADC at the upper and lower 
poles of the obstructed kidneys compared with the same 
regions of the contralateral unobstructed kidneys. More-
over, another experimental study by Pedresen et al.  [21] 
studied the effect of unilateral ureteral obstruction on the 
ADC in pig’s kidneys. It concluded that ADC values were 
higher in partial chronic obstruction.

These discrepancies between ADC results in the litera-
ture are likely due to the different protocols used in these 
studies. Our study was concerned about detecting the 
early effect achieved by DWI, so we applied MRI exami-
nation as early as possible. Additionally, due to the sever-
ity of the pain, the appropriate medication was given to 
the patients to make them stable to perform the optimum 
MRI examination and standardize our results. On the 
other hand, some authors, as Düzenli et al. [15] preferred 
to examine the patients after long intervals [13–70 h] to 
exclude the analgesic effects. This long interval allows 
the kidney to compensate for obstruction, concealing the 
expected pattern of diffusion.

The standard protocol of analgesia uses a nonsteroidal 
anti-inflammatory drug [NSAID], used in the current 
study. NSAID inhibits prostaglandin synthesis, leading 
to reduction of ureteric contractility and renal perfusion 
[23, 24]. That is why we did not rely on the assessment of 
perfusion in our calculation. Additionally, that is why we 
were concerned about the time of examination to be as 
early as possible before the analgesic effect occurs.

Because of the rapid development of functional MRI 
sequences, many authors have tried to validate and apply 
these sequences to evaluate renal obstruction based on 
the functional changes in the kidney rather than the mor-
phological changes. One of frequent sequences has used 
DWI, focusing on the quantitative component of ADC 
measurements; these measurements had different values 
and meaning of significance, as discussed before.

On the other hand, it could be time-consuming as it 
needs special postprocessing, mostly on a different work-
station. The other qualitative component of DWI [Signal 
pattern] is not clearly evaluated in the literature. In the 
current study, we had a hypothesis based on the validated 
diagnosis of acute infarction of the brain [by visual deter-
mination of a restricted signal on b value images with 
corresponding low signal on ADC images] to apply for 
the cases of acute calcular renal obstruction.

Furthermore, identifying the signal pattern did not 
need complex postprocessing or misleading calcula-
tion, making this technique likely to be more reliable and 
reproducible.

This study has multiple potential implications in differ-
ent clinical scenarios. One of the important implications, 
is its value in case of indeterminate acute obstruction and 
avoiding inappropriate intervention or delay of manage-
ment as in patients who have clinically presented with 
possible acute obstruction and minimal or lack of mor-
phologic changes on ultrasound or CT, particularly kid-
ney transplant recipients or patient with solitary kidney. 
Also, patients under conservative treatment for known 
ureteral stone developed symptoms suggestive acute on 
top of chronic obstruction. Furthermore, for patients 
with bilateral ureteral stone, selecting the priority side 
of intervention, if any, according to the degree of signal 
restriction. On the other hand, this application might 
potentially differentiate high from low-grade obstruction. 
This study had several limitations; first, we did not have 
a standard test as an isotope study or Whitaker test. This 
can be attributed to the acute clinical setting of the study, 
which did not allow sufficient time to perform such tests. 
Furthermore, these types of tests do not have wide avail-
ability and need specialized expertise. Second, we did 
not use separate ADC values for the medulla and cortex, 
which may yield a significant difference. However, this 
difference may not significantly provide significant power 

Table 3 Summary of ADC values and p values between both 
groups

p  value# for obstructed against unobstructed

p value* control against patient groups

ADC Apparent diffusion coefficient

ADC (1 ×  10−5  mm2/s)

Obstructed Un obstructed

Patients 1.97 + 13 1.99 + 12

p  value# 0.06

Control 2.08 + 13

p value* 0.05 0.05
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to be compared with the other studies due to the small 
sample size.

Furthermore, we looked for a simpler and more 
straightforward method that has not to be considered in 
the literature before to the best of our knowledge. Third, 
we did not follow the response with diffusion after the 
management of ureteral obstructions that would vali-
date our hypothesis. Another possible limitation, lack 
of a group of patients with known ureteral stone for a 
longer time to differentiate between acute from chronic 
obstruction.

Conclusions
This is a pilot study provides a feasibility study and 
a positive trial of a new implementation of a known 
hypothesis regarding the restricted signal pattern of 
diffusion-weighted MRI with acute calcular unilateral 
obstruction. However, it needs more validation by future 
studies with larger sample size.
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