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Abstract  

Background: Studying urinary bladder carcinoma is of  
great importance as it is one of the most common urological  
malignancies. Accurate pre-operative assessment of disease  

characteristics and prognosis would be of great help in the  

diagnosis and treatment planning of bladder cancer.  

Aim of Study:  The aim of this study is to evaluate the role  

of the Apparent Diffusion Coefficient (ADC) value in detecting  
the grading of urinary bladder cancer prior to management.  

Patients and Methods:  Prospective study of 108 patients  
with mean age of 60.81 ± 12.24, diagnosed with proven bladder  
carcinoma. Two radiologists prospectively assessed the mor-
phological and qualitative descriptors of the included carci-
nomas (restricted diffusion) and quantitative analysis of the  
ADC maps. The mean ADC value of the bladder lesions was  
calculated and correlated with the pathological grade according  

which was established by means of an open or a core needle  
biopsy (considered as the standard reference).  

Results:  There was significant difference between the  

mean ADC value of tumors of grade I and III ( p=0.000); and  
between grade I and II (p=0.00) with slight less significant  
difference between grade II and III (p=0.022). High ADC  
values were associated with low grade tumors.  

Conclusion:  DWI is a contrast-free modality that allows  
for both morphological and quantitative analysis. ADC value  

is a good discriminator between low and high grade tumors  

and hence predictor of the histological grade of bladder tumors  

and prognosis.  

Key Words:  Diffusion – ADC value – Urinary bladder cancer  
– Grade and magnetic resonance imaging.  

Introduction  

URINARY  bladder cancer is the 9 th  most frequent  
tumor and 13 th  cause of cancer related death all  

over the world. It has been noted that urinary  

bladder cancer detection is three to four times more  

common in males than in females [1] .  
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Recently, Magnetic Resonance Imaging (MRI)  

is considered the technique of choice in the preop-
erative assessment of many tumors by providing  

multi-planar images, the new addition of functional  

techniques, higher soft tissue characterization,  

higher accuracy of staging estimation and accurate  
detection of the extent of a disease, avoiding the  
possible effects of radiation associated with the  

use of CT [2] .  

In addition diffusion weighted MRI doesn't  
require contrast media with short exam duration  

yet it gives valuable information about the biologic  
characteristics of tissue giving unique data regard-
ing the cellularity and the status of molecular  

content of water [3] .  

The ADC is a q value that can be quantified  

measuring signal attenuation being influenced by  
microscopic motion, including molecular diffusion  
of water as well as blood microcirculation [4] .  

Qualitative and quantitative assessment by DW-
MRI can detect the nature of the tissues (benign  

or malignant) and to determine the grade of malig-
nancy and divide bladder tumors into low and high  

grade tumors [5] .  

In the current study we evaluated the impact  

of interpreting Apparent Diffusion Coefficient  

(ADC) value as a prognostic factor that can predict  

the grading of invasive urinary bladder cancer  
before deciding the options of management.  

List of abbreviations:  

ADC 
 

: Apparent Diffusion Coefficient. 
DWI 

 

: Diffusion Weighted Images. 
MRI 

 

: Magnetic Resonance Imaging. 
PPV 

 

: Positive Predictive Value. 
NPV 

 

: Negative Predictive Value. 
UB : Urinary Bladder.  
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Patients and Methods  

This study is a prospective analysis, approved  
by the Ethics Committee at Kasr El-Aini Hospital,  

the cases were referred from the Urology/ Urosur-
gery Clinic in Kasr El-Aini Hospital in the period  
from March 2015 till May 2018. Tumor grading  
was established by means of transurethral cysto-
scopic biopsy (considered as the standard refer-
ence).  

Patients:  
It included 108 patients who underwent non  

contrast MRI scanning including diffusion weighted  
sequences.  

Inclusion criteria:  

Patients proved to have urinary bladder cancers  

that require further advanced pathological analysis  
for grading.  

Exclusion criteria:  
-  Cases that received neoadjuvant chemotherapy.  

- Cases that lacked pathological confirmation.  

-  Cases proved to be benign.  

-  Solid masses less than 1cm (The ADC value  
could not be evaluated).  

Methods:  

MR imaging:  
MRI was performed using a 1.5T magnet scan-

ner (GyroscanIntera; Philips Medical Systems,  

Best, the Netherlands) equipped with a radiofre-
quency coil (Quadrature Body Coil; Philips Medical  

Systems). All the patients were imaged in the  

supine position, Total study time ranged from 30  

to 45 minutes. No sedation was used.  

Patient preparations:  

Patients were instructed to start drinking water  
and prohibit urinatition 1 hour before the MRI  

examination to moderately distend the bladder. In  

patients with a urethral catheter, 250-400ml of  

sterile saline was used to distend the bladder.  

MRI imaging protocol:  
A- Cases were examined first by non contrast  

sequences:  Axial T 1 weighted turbo spin echo  
images, axial, sagittal and coronal T2 weighted  

turbo spin echo images were obtained (repetition  
time/echo time, 2250-3500/90-100; bandwidth,  
20-83kHz; matrix, 256 X 256; section thickness,  
4-6mm; intersection gap, 1-2mm; field of view,  

2cm).  

B- Diffusion-weighted images: They were per-
formed using a “Echo-Planar Imaging” (EPI)  

sequence with following parameters: TR/TE=  
5000/77msec; slice thickness=5mm and 1mm  

interslice gap; matrix=256 X 256, b-values (0,  
850, 1000, 1500s/mm2); and the diffusion image  
was supplied from “Spectral Adiabatic Inversion  
Recovery” (SPAIR) MR sequence. Respiratory  
triggering was used for better resolution.  

Post processing and image analysis:  

Qualitative and quantitative analysis of the  
examined lesions were done as follows:  

I- Qualitative analysis: Restricted diffusion  
was determined by visualization of abnormal bright  
signal intensity that became enhanced with increas-
ing b values (0 → 850→  1000→  1500) at “Diffusion  
Weighted” (DW) images. The ADC map presented  
intermediate/low Signal Intensity (SI) that corre-
sponded to the abnormality.  

II- Quantitative analysis: The ADC values were  
measured manually by applying ROI at areas of  

bright SI on DW images and intermediate/low SI  

on ADC maps, aiming to cover as much as possible  
of the lesion, avoiding cystic/necrotic areas.  

Statistical analysis:  
Data were coded and entered using the statistical  

package SPSS (Statistical Package for the Social  
Sciences) version 24. Data was summarized using  
mean, standard deviation, median, minimum and  
maximum in quantitative data and using frequency  
(count) and relative frequency (percentage) for  

categorical data. Comparisons between quantitative  

variables were done using the chi-square and Fish-
er's exact tests (6). ROC curve was constructed  

with area under curve analysis performed to detect  
best cutoff value of ADC for detection of high  

grade tumors.  

p-values less than 0.05 were considered as  
statistically significant.  

Results  

One hundred and eight patients were included  

in this study, 81 (75%) males and 27 (25%) females,  
their age ranged from 17 to 79 years (mean age  

60.81 ± 12.24).  

The histopathological diagnosis of the patients  
was: 51 (47.2%) had urothelial UB cancer, 27  

(25%) urothelial + squamous cell carcinoma, 15  
(13.9%) squamous cell carcinoma, 9 (8.3%) aden-
ocarcinoma and 6 (5.6%) rare forms (rhabdomy-
osarcoma and leiomyosarcoma).  
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The number of lesions was single in 87 (80.6%),  
double in 15 (13.9%) and multiple in 6 (5.6%)  
with circumferential thickening in 60 (55.6), endo-
phytic mass in 21 (19.4%), enxophytic mass in 18  

(16.7%) and mixed in 9 (8.3%). 9 lesions (8.3%)  
were grade I, 54 lesions (50%) were grade II and  

45 (41.7%) lesions were grade III (Table 1).  

Analysis of the diffusion-weighted images and  
comparison of the mean ADC value with the path-
ological grade of the tumor was done.  

All the included lesions (100%) showed per-
sistent high signal on DWI with low to intermediate  

signal on ADC map denoting restricted diffusion  

Fig. (1).  

ADC values ranged from 0.48 to 1.21 X 10
–3 

 

mm2/s (mean 0.81 ±0.18 X 10
–3

mm
2
/s) Fig. (2).  

The mean ADC value of grade I, grade II and  

grade III was 1.11 ±0.15 X 10
–3

mm
2
/s, 0.83±0.14  

X 10
–3

mm
2
/s and 0.72±0.14 X 10

–3
mm

2
/s respec-

tively.  

(A) (B)  

(C)  (D)  

(D)  
Fig. (1): (A) Axial T2WI, showed circumferential fairly  

smooth thickening of the urinary bladder wall, more evident on  
the right mural wall, with maximum thickness measuring 1.72cm,  
the muscular layer is seen as an intact (un-interrupted) hypo  

intense line surrounding the bladder cavity. (B) Axial T1WI,  

showed intact perivesical fat appeared with no evidence of  
smudging stranding or infiltration. No evidence of sizable lym-
phadenopathy was noted. (C) Sagittal T2WI, showed only circum-
ferential mural thickening, with no evidence of interruption of  

the muscularis propria (low SI line surrounding the high SI of  

urine) (yellow arrow). (D, E) DWI at 1000sec/mm 2  & ADC  
mapping: DWI showed restricted diffusion regarding the thickened  
mural wall especially on the right side, ADC value of the tumor  

was 1.24 X 10
–3

mm
2
/s. Histo-pathologically: Tumor was con-

firmed as grade I urothelial (TCC) carcinoma.  
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There was significant difference between the  

mean ADC value of tumors of grade I and III ( p=  
0.000); and between grade I and II ( p=0.000) there  
was slightly less significant difference between  

grade II and III (p=0.022).  

Moreover, statistical analysis of the data re-
vealed that using the ADC value of 0.77 X 10

–3 
 

mm2/s as a cutoff value between high grade tumors  

(grades II & III) and low grade tumors (grade I),  

has a sensitivity, specificity, PPV, NPV and accu-
racy of 60%, 71.4%, 60%, 71.4% and 66,7% re-
spectively the mean ADC value of 0.91 X 10

–3 
 

mm2/s showed better statistical indices (sensitivity  
93.7%, specificity 100%, PPV 100%, NPV 60%  
and accuracy 94.4%) and enhanced the performance  

of the ADC value in the assessment of the tumor  

celluarity of the bladder carcinoma. Figs. (3,4),  
(Tables 2,3).  

(C) (D)  

(A) (B)  

Fig. (2): (A, B) Axial T2WI & T1WI showing; right and left postero-lateral mural wall thickening involving the whole  
thickness of the muscularis propria (between 3 O'clock and 9 O'clock), it is seen involving both uretro-vesical junctions  
as well. The anterior bladder wall is seen spared (where the muscularis propria appears as an uninterrupted low SI line  
(yellow arrow) on T2WI). On T1WI the perivescal fat planes can be clearly seen to be spared and devoid of any signs  
of invasion by the tumor. (C, D) DWI at b value of 1000sec/mm 2  and ADC mapping showing; mild restriction of the SI  
of the mural wall lesion, however the ADC value for the lesion measured 0.9 X 10 

–3
mm

2
/sec. Histo-pathologically, the  

tumor was confirmed as grade II invasive adenocarcinoma of the urinary bladder.  

ROC Curve ROC Curve  

Fig. (3): ROC curve analysis to explore the discriminant  
ability of mean dADC value to differentiate high grade (Grade  
II & III) from low grade (Grades I) tumors.  

Fig. (4): ROC curve analysis to explore the discriminant  
ability of mean dADC value to differentiate high grade (Grade  
III) from low grade (Grades I & II) tumors.  
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Table (1): Description of study variables.  

Description (n=108)  

Age:  
Range  
Mean ±  SD  
Median (IQR)  

Sex:  

17-79  
60.81 ± 12.24  
60.5 (57.5-69)  

Male  81 (75)  
Female  27 (25)  

Number of lesions:  
Single  87 (80.6)  
Double  15 (13.9)  
Multiple  6 (5.6)  

Shape:  
Circumferential thickening  60 (55.6)  
Exophytic mass  18 (16.7)  
Endophytic mass  21 (19.4)  
Mixed  9 (8.3)  

Maximum thickness:  
<1 cm  15 (13.9)  
1-3cm  39 (36.1)  
>3 cm  54 (50)  

Site:  
Diffuse  45 (41.7)  
Dome  21 (19.4)  
Anterior wall  33 (30.6)  
Posterior wall  45 (41.7)  
Right lateral wall  39 (36.1)  
Left lateral wall  24 (22.2)  
Inferior  30 (27.8)  

Table (2): Explore the discriminant ability of mean dADC  

value to differentiate high grade (Grade II & III)  

from low grade (Grades I) tumors  

Accuracy  

0.975 
 

0.947- 0.000 
 ≤0.91 

 

93.9% 
 

100% 
 

100% 
 

60% 
 

94.4%  
1.000  

AUC 
 

: Area Under the Curve. Spec.  : Specificity. 
CI 
 

: Confidence Interval. PPV 
 

: Positive Predictive Value. 
Sen.  : Sensitivity. NPV 

 

: Negative Predictive Value.  

Table (3): Explore the discriminant ability of mean dADC  

value to differentiate high grade (Grade III) from  

low grade (Grades I & II) tumors.  

Accuracy  

0.714  0.616- 
0.813  

0.000  ≤0.77  60%  71.4%  60%  71.4%  66.7%  

         

AUC 
 

: Area Under the Curve. Spec.  : Specificity. 
CI 
 

: Confidence Interval. PPV 
 

: Positive Predictive Value. 
Sen.  : Sensitivity. NPV 

 

: Negative Predictive Value.  

Discussion  

Urinary bladder cancer is one of the commenest  

urological malignancies, causing remarkable mor-
bidity and mortality all over the world [7]  clinico/  
histo-pathological classification and staging of a  

tumor, are valuable information for the appropriate  

choice of the course of management which notice-
ably affects the tumor's final prognosis [8] .  

DW-MRI is an extremely valuable imaging  

modality for the radiological assessment of the  

urinary bladder carcinoma, due to high tissue  

contrast, with absence of radiation exposure, multi-
planar imaging capabilities, and short examination  

time; moreover there is no need for contrast media.  

Therefore it's incorporation in pre-operative assess-
ment of urinary bladder tumors was reported in  

many studies. It also gives accurate information  
on cellular density, tissue compactness and mem-
brane integrity by measuring the diffusion of water  

molecule in vivo, with lower loss of signal indicat-
ing low water diffusion and higher loss of signal  

indicating high water diffusion [9] .  

In this study, we found that the mean ADC  

value of the studied urinary bladder lesions was  

0.81 ±0.18 X 10
–3

mm
2
/s.  

This is similar to the mean ADC values reported  

by other previous studies; Kobayashi et al., [10]  
reported that the mean ADC value in their study  

was 0.86 X 10
–3

mm
2
/s, while it was 0.88 X 10

–3 
 

mm2/s in Dagulli et al., [11]  and 0.63 X 10
–3

mm
2
/s  

in Yoshida et al., study [12] .  

However; Lista et al., [2]  and Li et al., [7]  re-
ported a slightly higher mean ADC value measuring  
1.06 X 10

–3
mm

2
/s and 1.22±0.22 X 10

–3 
 mm2/s,  

respectively.  

In our study, ADC values ranged from 0.48 to  
1.21 X 10

–3
mm

2
/s, using the ADC value of 0.77  

X 10
–3

mm
2
/s as a cutoff value between high grade  

tumors (grades II & III) and low grade tumors  
(grade I), has a sensitivity, specificity, PPV, NPV  
and accuracy of 60%, 71.4%, 60%, 71.4% and  
66,7% respectively the mean ADC value of 0.91  

X 10
–3

mm
2
/s showed better statistical indices  

(sensitivity 93.7%, specificity 100%, PPV 100%,  
NPV 60% and accuracy 94.4%) and enhanced the  

performance of the ADC value in the assessment  

of the tumor celluarity of the bladder carcinoma.  

And so, our result did not exceed the cut off  
value between low grade and high grade UB tumors  

set by previous studies, such as Wang et al., [13]  
who estimated a cutoff ADC value, sensitivity and  

specificity of 0.899 X 10
–3

mm
2
/sec, 100%, and  

95%, respectively.  

Similarly Kobayashi et al., [10]  study showed  
a cut off ADC value, sensitivity and specificity  

0.86 X 10
–3

mm
2
/sec, 88%, and 85%, respectively.  

AUC  
95%  
CI  

p- 

value  
Cut- 
off  Sen  Spec  PPV  NPV  

AUC  
95%  
CI  

p - 

value  
Cut- 
off  Sen  Spec  PPV  NPV  
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This was consistent with Al Johi et al., [14]  who  
stated that the ADC cutoff <0.9 X 10

–3
mm

2
/s  

identified high-grade from low grade tumors with  
91.7% sensitivity and 60% specificity.  

The relation between the mean ADC value and  

the histological grade of the detected urinary blad-
der cancer was studied in the current work. We  

found that there was a significant inverse relation  

between them, meaning that tumors with higher  
grade (grade II & and grade III) showed lower  

ADC values when compared with those of lower  
grade (grade I) (p=0.000).  

Our results showed the Mean ADC value for  

grade I tumors were 1.11 ±0.15 X 10
–3

mm
2
/sec, of  

grade II were 0.83 ±0.14 X 10
–3

mm
2
/sec and of  

grade III were 0.72±0.14 X 10
–3

mm
2
/sec.  

This is consistent with the previous studies of  
Wang et al., [13] , whom results were ADC of  
(1.141 ±0.164 X 10

–3
mm

2
/sec) for low grade tumors  

and (0.766±0.091 X 10
–3

mm
2
/sec) for high grade  

tumors (p<0.05).  

We found a significant difference between the  
mean ADC value of tumors of grade I and III ( p=  
0.000); and between grade I and II ( p=0.000).  
However, there was less significant difference  

between grades II and III (p=0.022).  

Going on the same path both Barsoum et al.,  

[15] , and Takeuchi et al., [16]  found that the mean  
ADC value of grade I tumors was significantly  

higher than that of grade II and grade III tumors.  
They found the Mean ADC value for all grade III  

tumors was <1.25 X 10
–3

mm
2
/sec, and <1.0 X  

10
–3

mm
2
/sec, respectively.  

Unlikely was Yamada et al., [8] , results which  
showed slightly higher than our study, the author  

found that the ADC value for the low grade tumors  
was 1.58±0.21 X 10

–3
mm

2
/secand for the high  

grade tumors was (1.20 ±0.27 X 10
–3

mm
2
/sec)  

(p<0.001).  

This was different from the results of Al Johi  

et al., [14]  who reported that significant difference  

in ADC values was found between grade I and  

grade III (p<0.001), grade II and grade III (p=  
0.045) but not between grade I and grade II ( p=  
0.066). According to the WHO grading system  
(2004), high-grade tumors [No=84 (89.4%)]  
showed significantly lower ADC than low-grade  
tumors [No=10 (10.6%)] (p=0.0460, AUC: 0.74,  
95% confidence interval=0.641-0.825).  

Conclusion:  
ADC value could be a good discriminator be-

tween low and high grade tumors and hence pre-
dictor of cancer cells that would respond to therapy  
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KOCAKOÇ E. and ORHAN I: Role of diffusion MRI and  
apparent diffusion coefficient measurement in the diag-
nosis, staging and pathological classification of bladder  
tumors. Urologiainternationalis, 87 (3): 346-52, 2011.  

12- YOSHIDA S., KOGA F., KOBAYASHI S., et al.: Role  
of diffusion-weighted magnetic resonance imaging in  
predicting sensitivity to chemo radiotherapy in muscle-
invasive bladder cancer. Int. J. Radiat. Oncol. Biol. Phys.,  

83: e21-e27, 2012.  

13- WANG Y., LI Z., MENG X., HU X., SHEN Y., MORELLI  
J., LIN H., ZHANG Z. and HU D.: Non muscle-invasive  

and muscle-invasive urinary bladder cancer: Image quality  
and clinical value of reduced field-of-view versus con- 

ventional single-shot echo-planar imaging DWI. Medicine,  

Mar.; 95 b (10), 2016.  

14- AL JOHI R. S., SEIFELDEIN G. S., MOEEN A.M., et al.:  

Diffusion weighted magnetic resonance imaging in bladder  

cancer, is it time to replace biopsy? Cent. European J.  
Urol., 71: 31-7, 2018.  

15- BARSOUM N., TALAAT M. and SARAYA S.: Can  
diffusion-weighted MRI predict the histological grade of  
urinary bladder carcinoma? Kasr Al Ainy Medical Journal,  

May 1; 23 (2): 86, 2017.  

16- TAKEUCHI M., SASAKI S., ITO M., OKADA S., TAKA-
HASHI S., KAWAI T., SUZUKI K., OSHIMA H., HARA  
M. and SHIBAMOTO Y.: Urinary bladder cancer: Diffu-
sion-weighted MR imaging-accuracy for diagnosing T  
stage and estimating histologic grade. Radiology, Apr.,  

251 (1): 112-21, 2009.  


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7

