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Introduction 
Urinary bladder cancer ranks 9th in worldwide cancer incidence. 
It is the 7th most common malignancy in men and the 17th most 
common in women. [1] Bladder carcinoma accounts for 5.6% of 
cancer in males and 1.8% of cancer in females in India, with 
an actual crude rate (ACR) incidence of about 1 in 174 men 
and 1 in 561 women. [2] A detailed study of the bladder cancer 
cases registered from 2005 to 2010 in our tertiary care hospital  
revealed that bladder cancer ranks as the 7th leading cancer 
and accounts for 5.9% of all prevalent cancers in the Kashmiri 
population. [3]

Magnetic resonance imaging gives an excellent insight into 
the anatomy and pathology of urinary bladder as it provides 
high fluid-tissue contrast resolution and clearly delineates 
urinary bladder musculature. Its multi planar capacity allows 
depiction of complex pelvic anatomic relationships. This gives 
improved characterization of urinary bladder abnormalities 
and more accurate demonstration of the extent of luminal, 
mural and perivesical pathology. Although transabdominal 
and transvaginal ultrasound are the techniques employed for 
the initial investigation of pelvic pathology and are usually 
sufficient for evaluation of benign disease, with MRI being 
used for problem-solving; MRI has become invaluable in the 
evaluation of malignant disease within the pelvis. [4]

Aims and Objective

To compare preoperative MRI findings with the final diagnosis 
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and staging after surgical exploration and histopathological 
examination of the retrieved surgical specimen in terms of its:

• Sensitivity

• Specificity

• Overall Accuracy

To evaluate the role of MRI in making comparison between

• Superficial v/s invasive tumors.

• Organ confined v/s non organ confined tumours.

Material and Methods
This prospective study was carried out at the Department of 
Urology and Department of Radio diagnosis and Imaging, 
Sher-i- Kashmir Institute of Medical Sciences, Soura, Srinagar, 
Kashmir for a period of 2 years.

Protocol

All patients presenting with bladder mass on clinical 
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examination and / or radiological investigations were subjected 
to the following steps.

STEP 1: Clinical and radiological evaluation

Prior to imaging a thorough and accurate clinical history and 
examination is essential. Recent endoscopic procedures give 
rise to hemorrhage and edema which can give a misleading 
appearance on MRI, so history about any intervention was 
sought.  MRI was done after three weeks gap of any invasive 
procedure on the urinary tract.

MRI was performed with a super conductive magnet system 
(Magneton Avanto, Tim 76 × 18, Siemens) operating at 
1.5 Tesla using body coils. The patients were kept with a 
moderately full bladder. Adequate distension of urinary bladder 
improves evaluation of the wall and visualization of focal 
lesions. Over distension, not only results in patient discomfort 
and restlessness during the examination causing the patient to 
move, but may also cause small focal lesions to go undetected 
due to stretching. Patients were kept in supine position. Urinary 
catheters, if any, were clamped before the examination to ensure 
sufficient bladder filling.

T1 weighted and T2 weighted spin echo sequences are the 
mainstay of bladder imaging. T1 weighted spin echo sequences 
and a multi section technique was used with repetition times 
(TRs) ranging from 500 to 700 msec and echo times (TEs) of 
10 to 16 msec (TR/TE=500-700/10-16). T2 weighted spin echo 
sequences were taken with TR/TE of 2200-5000/20-100. The 
section thickness in axial, saggital and coronal views were set 
at 5mm with 2 mm spacing. In most of the cases, 1 ampoule 
(0.1 mmole per kg of body weight) amounting to 100 ml of 
Gadolinium diethylene tri amine penta acetic acid (Gd-DTPA; 
Omniscan,) was injected intravenously. Axial post contrast 
T1 weighted images were then taken immediately to catch the 
images during the tumor enhancement phase before the contrast 
appeared in the urine. Saggital and coronal views were added if 
the tumor was situated in the dome or the bladder base. Axial 
and coronal large field of vision (typically 38 – 49) T1 weighted 
images of the abdomen and pelvis were taken in order to 
evaluate the upper abdominal viscera, particularly the kidneys 
for the presence of hydronephrosis and to identify any lymph 
node enlargement and bone metastases.

Following MRI findings were noted by two experienced 
radiologists

• Depth of urinary bladder wall invasion

• Presence of extravesical extension

• Presence of local invasion e.g. prostate, seminal vesicles, rec-
tum, pelvis side walls, uterus, vagina, intestines, etc

• Presence of lymph node invasion and evaluation of the size 
and number of involved nodes

Finally a TNM staging was done on the basis of MRI findings.

STEP 2: Treatment and pathological assessment

After getting the MRI of 34 patients done, 9 patients were 

excluded from the study. Among these, 5 patients had very 
advanced lesions in the bladder, and hence were not fit for 
surgery, 3 patients had early disease and 1 patient did not give 
consent for surgery.

A histological diagnosis was obtained in all the patients prior 
to surgery. All the 25 patients included in the study underwent 
radical cystectomy with various types of diversions. Intra 
operative findings were noted and compared with MRI 
findings. The resected specimens were preserved and sent for 
histopathological examination. The pathological examination  
included examination of the urinary bladder and other excised 
organs, lower ureters, prostate, seminal vesicles and posterior 
urethra in males or lower ureters, urethra, uterus with its 
appendages and anterior vaginal wall (or whole vagina) in 
females. Pathological examination of the perivesical tissue and 
thorough examination of all the lymph nodes was carried out. 
Finally a TNM staging was done on histological basis.

STEP 3: Comparison of the findings from pathological 
examination to the MRI examination

The histopathological staging was finally correlated with MRI 
staging, and accuracy, specificity and sensitivity of MRI in the 
staging of bladder carcinoma was determined.  

OBSERVATIONS
A total of twenty five patients of urinary bladder carcinoma 
who were candidates for radical cystectomy were included in 
the study. Nine other patients who underwent MRI of urinary 
bladder were excluded from the study due to various reasons. 
Following observations were made during the study. Out of 
twenty five patients, 22 (88%) were males and 3 (12%) were 
females. Age of the patients ranged from 32 to 68 years. Majority 
of the patients were above 60 years of age (32%).  Hematuria 
was the most common presenting symptom among the studied 
patients; 23(88%) patients presented with this symptom. The 
other symptoms included LUTS in 4 (16%), Pain abdomen in 5 
(20%) and Acute urinary retention in 3 (12%) patients. Routine 
investigations like CBC, LFT, KFT, ECG and X-ray chest were 
mostly unremarkable in all patients. Microscopic examination 
of urine confirmed the presence of hematuria in all the 25 
(100%) patients while only 11 (44%) patients showed presence 
of malignant cells in urine. Transabdominal ultrasonography 
was carried out in all the studied patients in order to document 
the initial evidence of urinary bladder tumor, besides ruling 
out distant abdominal metastasis. There was no evidence of 
distant metastases to   Liver and Para aortic lymph nodes in 
any patient, and none of the patients had ascites. Besides this, 
transabdominal ultrasonography was also used to evaluate the 
genitourinary system. Hydroureteronephrosis was detected in 
6(24%) patients on right and 6(24%) patients on left side. In 
all 25 patients ultrasound detected masses at various locations 
in the bladder. Tumor size varied from 10 mm to 100 mm. 
In 15(60%) patients, there were multiple masses within the 
bladder, while in 10(40%) patients there was a single mass. 
Prostate was enlarged in 10(45.45%) out of 22 male patients, 
but showed tumor infiltration in none. Seminal vesicles were 
normal in all the male patients.

All patients  underwent Cystoscopy and showed  the presence 
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of  bladder tumor which was situated on the  posterior wall in 11 
(44%) patients, left lateral wall in 6 (24%), right lateral wall in 
3 (12%), left posterolateral wall in 5 (20%),right posterolateral 
wall in 4 (16%), anterior wall in 2 (8%),left anterolateral wall in 
2 (8%),right anterolateral wall in 1 (4%),trigone in 3 (12%),neck 
in 2 (8%) and dome in 1 (4%) patients. Ureteric orifices could 
not be localized in 8 (32%) patients due to an overlying bladder 
tumor.

All the patients underwent a Trans urethral resection of bladder 
tumour prior to radical cystectomy, which besides serving as a 
method for obtaining tissue biopsy, provided us with an initial 
idea about the depth of tumour invasion. All the tumors were 
histologically shown to be TCC, with 12(48%) of grade 2 and 
13(52%) of grade 3 variety. All the 25(100%) patients showed 
evidence of muscle infiltration.

Magnetic Resonance Imaging (MRI)

Assessment of T staging: Of the 25 patients who were evaluated 
with MRI, 3 (12%) patients showed a bladder tumor with 
focally disrupted low intensity band of bladder wall (T2a) on 
T2-weighted image,6 (24%) patients revealed a bladder tumor 
with thickening of adjacent wall on  T1-weighted image and 
complete disruption of low intensity band of bladder wall on T2-
weighted image corresponding to stage T2b. Abnormal intensity 
in perivesical fat with irregular interface corresponding to stage 
T3b was found in 13 (52%) patients, while 3 (12%) patient 
showed evidence suggesting T4a lesion, 2 in seminal vesicles 
and 1 in cervix.

Assessment of N staging: MRI detected the presence of 
enlarged, metastatic lymph nodes in 7 (28%) patients out of 
whom 5 (20%) had single regional enlarged lymph node (N1) 
and 2 (8%) had multiple regional enlarged lymph nodes (N2).

Operative details

All patients underwent radical cystectomy with bilateral pelvic 
lymph- adenectomy with construction of an ileal conduit in 15 
(60%), Mainz II diversion in 6 (24%) and ileal neobladder in 
4(16%) patients. Operative details revealed tumor involving 
bladder wall (T2b) in 9(36%) patients, tumor involving perivesical 
fat (T3b) in 14 (56%) patients, and tumor infiltration into the 
adjacent organs (T4a) in 2 (8%) patients with involvement of 
seminal vesicles in 1 (4%) patient and cervix in 1 (4%) patient.

Histopathologic details

Histopathological T staging: The resected cystectomy 
specimens and the pelvic lymph nodes revealed TCC in all 
patients. The tumor was found invading the superficial muscle 
(T2a) in 2 (8%) patients and the deep muscle (T2b) in 5(20%) 
patients. Microscopic invasion of perivesical fat (T3a) was found 
in 3 (12%) patients while 11 (44%) patients had macroscopic 
invasion of perivesical fat (T3b). 4 (16%) patients had 
involvement of contiguous organs (T4a). Infiltration of seminal 
vesicles was found in 3 (12%) patient. Cervix was infiltrated in 
1 (4%) patient.

Histopathological nodal staging: Among 25 patients, lymph 
node metastases were detected in 7 (28%) patients. Stage N1 

was found in 4 (16%) patients while 3 (12%) patients had stage 
N2 lymph node involvement.

Correlation of tumor staging

Invasion (Stage T2b or above ) or absence of involvement (Stage 
T2a or below) of deep muscle layer was staged on the basis of 
MRI appearance with an accuracy of  96% and sensitivity and 
specificity of 95.7% and 100% respectively [Table 1]. 

Table 1: Correlation of MRI and pathologic diagnosis of tumor ex-
tension into deep muscle layer.

MRI Diag-
nosis

Pathologic Diagnosis
Accu-
racy

Sensi-
tivity

Speci-
ficity

P-
valuePosi-

tive
Nega-
tive Total

Positive 22 0 22
Negative 1 2 3 96% 95.70% 100% 0
Total 23 2 25

Invasion (Stage T3b or above) or absence of involvement 
(Stage T2b or below) of perivesical fat was correctly diagnosed 
with an accuracy of 84% and sensitivity and specificity of 83% 
and 85.7% respectively [Table 2].

Table 2: Correlation of MRI and pathologic diagnosis of tumor 
invasion of peri-vesical fat.

MRI 
Diagnosis

Pathologic Diagnosis
Accu-
racy

Sensi-
tivity

Speci-
ficity

P-
valuePosi-

tive
Nega-
tive Total

Positive 15 1 16
Negative 3 6 9 84% 83% 85.7% 0.001
Total 18 7 25

Invasion (Stage T4a or above) or absence of involvement 
(Stage T3b or below) of adjacent organs was correctly 
diagnosed on the basis of MRI appearance in 2 of 4 cases. The 
MRI accuracy was 88% with a sensitivity of 50% and specificity 
of 95.2% [Table 3].

Table 3: Correlation of MR and pathologic diagnosis of tumor 
extension into adjacent organs.

MRI 
Diagnosis

Pathologic Diagnosis
Accu-
racy

Sensi-
tivity

Speci-
ficity

P-
valuePosi-

tive
Nega-
tive Total

Positive 2 1 3
Negative 2 20 22 88% 50% 95.2% 0.011

Total 4 21 25

Pelvic lymphadenopathy was correctly diagnosed by MRI 
in 5 patients, while as 2 patients, who were shown to have an 
enlarged lymph node on MRI proved to be non-malignant on 
histology. In 2 other patients MRI missed metastatic lymph 
nodes measuring in the range of 0.8 to 1.2 cm, which were 
shown positive on histology [Table 4]. Pelvic lymphadenopathy 
was found only in patients with tumor extending through the 
bladder wall.

Table 4: Correlation of lymph node metastases at MRI and 
pathologic examination.

MRI 
Diagnosis

Pathologic Diagnosis
Accu-
racy

Sensi-
tivity

Speci-
ficity

P-
valuePosi-

tive
Nega-
tive Total

Positive 5 2 7
Negative 2 16 18 84% 71.4% 88.9% 0.003
Total 7 18 25
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The degree of tumor extension was correctly staged on the 
basis of the MRI findings in 15 of 25 (60%) patients [Table 5].

Table 5: Overall correlation of MRI and pathologic diagnosis. 
Pathologic 
diagnosis

MRI diagnosis
Correct Overestimated Underestimated Total

T0 - - - -
Tis - - - -
T1 - - - -
T2a 2 0 0 2
T2b 4 1 0 5
T3a 0 3 0 3
T3b 7 1 3 11
T4a 2 0 2 4
T4b - - - -
Total 15 5 5 25

Statistical analysis

Correlations among variables were assessed using the chi-
square test, using SPSS software. There was a highly significant 
correlation (P< -0.001) between MRI and Pathologic diagnosis 
of deep muscle and perivesical fat invasion. However, the MRI 
diagnosis of adjacent organ invasion and lymph node metastases 
was of relatively lower significance (P< -0.05).

Discussion
Accurate preoperative evaluation of proven bladder carcinoma 
is important because therapy depends on the clinical stage of 
the disease. There is a significant error rate (up to 50%) in the 
clinical staging of primary bladder tumors. [5] Whilst accurate 
for superficial tumors (T1 and lower), the main error occurs 
in muscle invasive tumors (T2a and higher) with difficulty in 
assessing infiltration, lymphadenopathy and distant disease. 
MRI has been shown to be accurate in staging primary bladder 
cancer when compared to pathological specimens and this 
accuracy is not dependant on magnetic field strength. [6,7]

This prospective study was conducted with the aim of 
determining the accuracy of MRI in the staging of bladder 
carcinoma by correlating the MR diagnosis with that of the 
pathologic diagnosis. 

The normal bladder wall is depicted as a thin (2 mm thick) linear 
low-intensity structure that is easily differentiated from urine, 
which displays higher intensity on T2-weighted images. [8,9] 

Contrast-enhanced MR and diffusion weighted MR (DW-MRI) 
can likely distinguish between non-muscle invasive bladder 
cancer and muscle invasive cancer with >80% accuracy. [10] 
Invasion of the deep muscle layer (Stage T2b) was considered 
present when the low-signal-intensity line was disrupted 
completely by high signal intensity in the region underlying 
the tumor in the absence of extension into the perivesical fat. 

[9,11] Such a finding was found on MR imaging in 7 (28%) of 
our patients. Deep muscle invasion was correctly assessed 
in 22 of 23 cases. In one cases, it was underestimated as 
stage T2a. Underestimation by MRI in this case was a result 
of interpretational error possibly due to poor image quality. 
However, misinterpretation may also occur at this point due 
to a chemical shift artifact that usually occurs at the water- fat 

interface (between the bladder and perivesical fat) as a result 
of the difference in resonance frequency between fat and water 
protons. [12] The chemical shift artifact can be recognized as 
a dark band along the lateral wall on one side and a bright 
band along the lateral wall on the opposite side on transverse 
image. In extreme cases, the chemical shift artifact may lead to 
apparent thickening of the bladder wall on one side and absence 
of the bladder wall on the contra lateral side. Knowledge of this 
artifact coupled with additional imaging along different planes 
helps avoid misinterpretation of this artifact as deep muscle 
invasion.

Invasion of perivesical fat by tumor was considered to be present 
when a soft-tissue mass with signal intensity similar to that of 
primary tumor on both T1- and T2-weighted images extended 
into the perivesical fat. Invasion (Stage T3b or above) or absence 
of involvement (Stage T2b or below) of perivesical fat was 
correctly diagnosed in 15 of 18 cases. There were, however, 3 
false negative cases that had microscopic invasion of perivesical 
fat which was missed on MR images. [Figures 1 and 2].

Figure 1: Large urinary bladder tumour infiltrating right UV junction.

Figure 2: Multiple small tumours of urinary bladder.

Involvement of adjacent organs by the tumor was assessed 
on both T1- and T2-weighted images. Direct extension of the 
tumor to an adjacent organ with changes in the normal signal 
intensity or anatomic configuration of that organ on MR images 
was considered evidence of involvement of these organs. In 
2 of our patients MRI could not interpret the involvement of 
seminal vesicles, which were later shown to have microscopic 
infiltration by the tumor on histological examination. There 
was also 1 false positive case reported by MRI, showing the 
involvement of seminal vesicle, due to poor quality and motion 
artifacts (uncooperative patient). One limitation of MR imaging 
is in the evaluation of tumor extension into the peri urethral 
glands. Even when the bladder base is well delineated on the 
saggital image, there is frequently slight indistinctness between 
the bladder base and the prostatic urethra. [9]
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Bilateral pelvic node dissection was performed in all patients, 
and a thorough examination of the pathologic specimens 
demonstrated lymph node metastasis in 7 (28%) patients, 
lymphadenopathy was considered to be present on MRI when 
the short axis of a node in the transverse plane was 1 cm or 
more. However, no specific threshold size was defined for the 
obturator, iliac or lumbar lymph nodes. A larger study is needed 
to define the normal size of the different types of nodes in the 
territories of bladder lymphatic drainage. In our limited study, 
lymph node metastases were confirmed in 7 (28%) patients while 
it was diagnosed correctly by MR imaging in 5 (20%) patients. 
In 2 patients, metastatic lymph nodes were missed because of 
small size. MRI may be superior to CT in the identification of 
enlarged lymph nodes because of the flow void phenomenon 
that can be seen in blood vessels, when this occurs, enlarged 
lymph nodes are seen clearly next to blood vessels and nodal 
tissue often is clear. Buy et al. reported 97.5% accuracy by MRI 
in the detection of metastatic lymph nodes with a sensitivity of 
83% and a specificity of 100%. [13]

With the use of MR imaging and our staging criteria, we were able 
to correctly stage the tumor in 60% cases of bladder carcinoma. 
Overestimation was found in 20% and underestimation of the 
tumor 20% cases. The largest published series of Buy et al., 
comparing MRI findings with pathological staging reported that 
60% of patients were correctly staged using the TNM system. [13]

Like CT, MRI cannot distinguish between minimal or more 
extensive superficial muscle invasions. There is debate as 
to whether distinction between minimal or more extensive 
muscle involvements can be made. Hayashi et al. evaluated 
the accuracy of a new staging criterion sub mucosal linear 
enhancement (SLE) on gadolinium enhanced T1-weighted 
magnetic resonance imaging using an endorectal surface coil. 
They noted a markedly enhanced layer within the bladder wall 
after administering Gd-DTPA. They concluded that if SLE was 
used as a staging criterion, it was possible to determine whether 
the tumor was limited to the sub mucosa (T1), or had reached the 
superficial (T2a) or the deep muscle (T2b).

 [14]

The use of multi planar reconstruction (three dimensional 
sequences) have resulted in improved local staging and can 
be used to select patients for MRI – guided biopsy or those 
considered for laparoscopic lymph node dissection. [11] Two 
studies (Barentsz et al. and Jager et al.) have shown that 
enhanced three dimensional, magnetization prepared – rapid 
acquisition gradient-echo (MP – RAGE ) images improved 
the staging accuracy of bladder carcinoma in part because of 
improved detection of suspicious lymph nodes. [15,16] Newly 
developed lymphotropic contrast agents like ultra-small super 
paramagnetic iron oxide (USPIO) particles have been shown to 
accumulate in benign nodes but not in malignant nodes. [17]

Similarly, there is growing interest in the applications of 
Diffuse Weighted Imaging (DWI) in oncologic area for last 
ten years. DWI has important advantages which require no 
contrast medium and long imaging time. Also it provides 
qualitative and quantitative information that can be helpful for 
tumor assessment. Accurate prediction for T staging of urinary 
bladder carcinoma can be made by means of DWI and Apparent 
Diffusion Coefficient (ADC) quantification. ADC value is a 

beneficial method for providing information about grade of 
bladder carcinomas. [18,19-21]

MRI parameters like higher MRI T stage, MRI tumor size, tumor 
extent and hydronephrosis are significantly related to outcome 
of the disease. [18] In future, the more accurate prognostic 
assessment of patients afforded by MRI may assist us to assess 
which patients will undergo cystectomy and which will benefit 
from radiotherapy alone.

Certain limitations inherent to the present study were small 
number of patients, failure to delineate the metastatic lymph 
nodes vividly and a learning curve needs to be broached to 
eliminate the interpretational errors. [22,23]

Multiparametric magnetic resonance imaging appears more 
accurate than current methods for local and nodal staging and 
monitoring tumor response to treatment, but requires further 
investigation. [19] Use of newer technologies such as contrast 
enhanced, endorectal MRI with phased array coils and ultra-
small super paramagnetic iron oxide (USPIO) particles hold 
promise in future for improving the staging accuracy of bladder 
cancer as also to provide accurate prognostic assessment. 
However, a larger prospective study using newer MRI 
technologies is required to determine the exact role of MRI in 
the staging of bladder cancer.

Conclusion
MR imaging is one of the first modality of choice in imaging of 
urinary bladder tumours. MR imaging with dynamic gadolinium 
enhancement readily shows the extent of bladder tumour and 
the involvement of adjacent organs. Clinical staging, including 
transurethral resection, can assess involvement of deep muscle, 
but staging is inaccurate in detecting extravesical disease. 
Patients with extravesical tumours show significantly higher 
recurrence rates and lower survival rates compared with those 
who have organ-confined tumours. MR bladder imaging thus 
plays a critical role in improving staging accuracy.

MR imaging has many advantages over other modalities for 
detecting and staging bladder tumours because of its intrinsic 
high soft tissue contrast, direct multiplanar imaging capabilities, 
and the availability of a non-nephrotoxic, renally excreted 
contrast agent. Because of these advantages MR imaging has 
the potential to become the modality of choice in staging all 
pelvic malignancies.

However because of the limited resources of the health care 
system, this technique should be used only to obtain information 
that directly influences the therapeutic management and 
outcome. To obtain this goal, knowledge of urologists on MR 
imaging and knowledge of radiologists on clinical management 
are needed; therefore, continuous education and communication 
between these two specialties is a necessity.

A larger prospective study is however required for determining 
the exact role of MRI in the staging of urinary bladder tumors.
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