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Introduction:  To compare qualitative and quantitative 
imaging features from conventional and diffusion-
weighted (DW) magnetic resonance imaging (MRI) in 
detection of metastatic pelvic lymph nodes in bladder 
cancer patients undergoing cystectomy.
Materials and methods:  Thirty-six patients who had 
undergone cystectomy for bladder cancer with preoperative 
MRI with DWI sequence prior to surgery were included.  
Imaging features on conventional and DW-MRI were 
compared with histopathology at cystectomy.
Results:  Nodal features associated with metastatic 
lymphadenopathy were short axis (AUC = 0.85, p < 0.001;  
when SA > 5 mm: sensitivity = 88%, specificity  
= 75%), long axis (AUC = 0.80, p < 0.001; when LA  

> 6 mm: sensitivity = 88%, specificity = 71%), apparent 
diffusion coefficient (ADC) on DWI, normalized to  
muscle (AUC = 0.66, p = 0.113; when nADC < 1.35:  
sensitivity = 75%, specificity = 68%), and absence of 
fatty hilum on conventional imaging (AUC = 0.73,  
p = 0.012; when fatty hilum absent, sensitivity = 75%, 
specificity = 71%).
ADC without normalization was not associated with 
metastasis (p = 0.303).
Conclusions:  Imaging findings from conventional MRI 
and DWI achieved reasonable accuracy for detecting 
metastatic lymph nodes in bladder cancer, although 
sensitivity was higher than specificity.
A short axis greater than 5 mm on conventional MRI had 
the highest accuracy of any individual finding.
When using DWI, normalization of ADC values to muscle 
ADC may improve diagnostic performance.
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of the muscularis propria of the bladder wall).2  In 
such cases, there is a substantially increased rate of 
metastasis and death.  Therefore, in the United States, 
the standard treatment for muscle invasive disease is 
radical cystectomy and consideration of neoadjuvant 
chemotherapy.

The decision to proceed with radical cystectomy 
is based on many factors, including the results of 
preoperative assessment for metastatic disease and 
lymphadenopathy.  Nonetheless, pelvic lymph node 
metastases are identified histologically in 14%-32% 
of patients at the time of cystectomy despite normal 
preoperative imaging.3  Unfortunately, the presence 
and number of positive lymph nodes identified 
histologically after radical surgical treatment are 

Introduction

Bladder cancer is the second most common 
genitourinary malignancy, with over 74,690 new cases 
diagnosed in 2014.1  The management of bladder cancer 
is dependent on tumor grade and stage, specifically the 
depth of invasion into and through the bladder wall.  
Approximately 20%-40% of patients present with or 
ultimately develop muscle invasive disease (invasion 
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associated with worsened post-cystectomy survival.4  
Thus, improved preoperative evaluation of the nodal 
environment associated with invasive bladder cancer 
may assist in both treatment selection and prognosis.  
A number of non-invasive imaging methods have 
been explored for this purpose including computed 
tomography (CT), magnetic resonance imaging 
(MRI), and position emission tomography (PET).  
However, each of these approaches has had moderate 
performance in past studies.5-9 

The emergence of diffusion-weighted imaging 
(DWI) as an additional MRI sequence has led to 
improved radiologic diagnosis and staging in multiple 
cancers, including detection of metastatic lymph 
nodes.10  By probing the motion of water molecules, 
DWI allows for assessment of the cellularity of a 
region through calculation of the apparent diffusion 
coefficient (ADC).  A lower ADC reflects a higher 
cellularity, which in turn is associated with malignancy.  
It is possible that findings from DWI and associated 
ADC maps may assist in differentiating malignant from 
benign nodes in bladder cancer, however DWI has not 
been extensively evaluated in this setting.  Therefore, 
in this study, our aim is to compare qualitative and 
quantitative imaging features from conventional MRI 
and DWI in detection of metastatic pelvic lymph nodes, 
using pathologic findings from radical cystectomy as 
the reference standard. 

Materials and methods

Patients
This retrospective study was Health Insurance 
Portability and Accountability Act (HIPAA) compliant 
and was approved by our institutional review board 
with a waiver of the requirement for written informed 
consent.  We searched databases from our institution 
from 2006 to 2013 to identify patients who underwent 
cystectomy for bladder cancer and had preoperative 
MRI including DWI.  The mean delay between MRI 
and pathologic assessment was 54 days ± 62 days.  
Patients were excluded if they underwent interval 
treatment between imaging and surgery (n = 3) or 
if DWI was non-diagnostic due to severe artifact  
(n = 3).  The final cohort consisted of 36 patients (30 
men, 6 women; mean age 71 years ± 9 years; range 48 
years-88 years).  Pathologic diagnosis was determined 
through cystectomy, all of which were performed by 
one of two surgeons at our institution.  All surgeries 
were performed as open procedures that included 
associated pelvic lymph node dissection with the 
following borders: aortic bifurcation, genitofemoral 
nerve, bladder wall, inguinal ligment, and hypogastric 

vessels.  Nodal specimens were sent to pathology 
labeled by anatomic station.

MRI technique
Imaging was performed at 1.5T (n = 31) or 3T (n = 5) 
using a pelvic phased-array coil.  Sequences included 
multiplanar 2D turbo spin echo T2-weighted imaging 
of the bladder, dynamic pre- and post-contrast 3D fat-
suppressed T1-weighted gradient-echo imaging using 
intravenous injection of 0.1 mmol/kg of gadolinium-
based contrast agent, and axial single-shot echo-planar 
DWI of the bladder using b-values of 0, 400, and  
800 s/mm2 and inline reconstruction of the ADC map.

Image analysis
A single fellowship-trained radiologist with expertise 
in urologic MRI interpretation reviewed all cases while 
blinded to the final pathologic diagnosis.  Cases were 
reviewed in random order in two different sessions, 
separated by 3 weeks to minimize recall bias.  In the 
first session, the radiologist reviewed all conventional 
MRI sequences and identified all pelvic lymph nodes.  
Multiple imaging features were recorded for each 
identified node including location, long axis size 
(LA), short axis size (SA), ratio of SA to LA sizes (SA/
LA), loss of fatty hilum, and irregularity of lymph 
node margins (assessed qualitatively).  In the second 
session, the radiologist identified all pelvic lymph 
nodes on DWI and recorded, the node’s location, LA, 
SA, SA/LA, and mean ADC.  In addition, mean ADC 
was recorded centrally within the right obturator 
internus muscle, and a normalized ADC value to 
muscle (hereafter referred to as normalized ADC, or 
nADC) was then calculated for each node as the ratio 
between the ADC of the node and that of muscle.  
Tiny nodes measuring up to 3 mm were not recorded 
during either session.

Reference
The pathologic reference standard was obtained from 
the previously reported cystectomy specimens, all of 
which had been interpreted by pathologists trained in 
urologic pathology.  Lymph nodes were identified as 
positive or negative for malignancy and documented 
in the nodal station from which they were removed 
during surgery.

Statistical analysis
Generalized estimating equations (GEE) based on 
multivariable binary logistic regression was initially 
applied to model the likelihood of correctly identifying 
individual nodes as metastatic or benign as a function 
of the imaging measures, based on a node-by-node 
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comparison between MRI and pathology.  Stepwise 
variable selection was used to identify sets of imaging 
measures representing independent predictors of 
pathology.  The features most strongly associated 
with nodal metastatic disease from the multivariate 
analysis were then further evaluated in a patient-level 
analysis.  For this purpose, subjects were characterized 
as reference standard positive for metastasis if 
pathology detected at least one metastatic node and 
as reference standard negative otherwise.  Receiver 
operating characteristic (ROC) analysis was performed 
to assess the utility of imaging features, alone and 
in combination, to correctly classify a patient as 
metastasis positive, also determining the sensitivity 
and specificity of these classifications.  All statistical 
tests were conducted at the two-sided 5% significance 
level using SAS 9.3 (SAS Institute, Cary, NC, USA).

Results

Thirty-four of 36 patients had urothelial carcinoma 
in the bladder specimen; the other 2 patients were 
T0 at time of cystectomy.  A total of 633 nodes were 
removed from the 36 patients.  Of these, 32 (5%) nodes 
in 8/36 (22%) patients were metastatic.  Two patients 
had documented extracapsular extension of the lymph 
node metastasis.  The remainder of the patients [28/36 
(78%)] had no metastatic lymphadenopathy, Table 1.   

Additionally, two patients received neoadjuvant 
chemotherapy prior to imaging; neither of these 
patients had nodal disease on pathologic examination.

Conventional MRI identified a total of 42 nodes in 
16 patients.  In these nodes, the mean LA was 11 mm  
(range 5 mm-18 mm), mean SA was 8 mm (range  
4 mm-14 mm), and mean SA/LA ratio was 0.740 (range 
0.333-1.000).  Of the 42 nodes, 38 had an absence of a 
fatty hilum and 12 had irregular borders.

DWI detected 38 nodes in 16 patients.  Morphologic 
characteristics of these nodes, as determined on DWI, 
were as follows: LA (mean 12 mm, range 7 mm-21mm), 
SA (mean 9 mm, range 6 mm-12 mm), and SA/LA 
ratio (mean 0.754, range 0.421-1.000).  The nodes had a 
mean ADC of 1.20 x 10-3 mm2/s (range 0.64-1.79 x 10-3 
mm2/s).  nADC had a mean of 1.08 (range 0.59-2.04).  
A representative case is shown in Figure 1.

For conventional MRI, at initial node-by-node 
comparison between MRI and pathology, only SA 
showed a significant association with metastasis  
(p = 0.002), while LA (p = 0.103) and absence of fatty 
hilum (p = 0.055) showed non-significant associations.  
For DWI, at initial node-by-node comparison, no 
feature showed a statistically significant association 
with metastasis, although nADC (p = 0.081) showed 
a non-significant association.  No other feature during 
either session, including the directly measured ADC, 
approached significance (p ≥ 0.165).

TABLE 1.  Patient demographics     

Patients 36

Male 30

Female 6

Age (years) 71, (range 44-88)

Nodes surgically removed 633

Pathologically metastatic nodes (%) 32 (5%)

Patients with metastatic nodes (%) 8 (22%)

Patients with no residual urothelial cancer on cystectomy specimen, T0 (%)  2 (5%)

TABLE 2.  Sensitivity and specificity with confidence intervals (CI) of various imaging features to detect nodal 
metastatic disease at the patient level     

Test criterion Sensitivity (95% CI) Specificity (95% CI)

Short axis > 5 mm 87.5% (47.3%-99.7%) 75.0% (55.1%-89.3%)

Long axis > 6 mm 87.5% (47.3%-99.7%) 71.4% (51.3%-86.8%)

ADC (normalized to muscle) < 1.35 75.0% (34.9%-96.8%) 67.9% (47.6%-84.1%)

Fatty hilum absent 75.0% (34.9%-96.8%) 71.4% (51.3%-86.8%)
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Given the results of the node-level comparisons, 
for each patient the maximum SA and LA of any node 
at conventional MRI, presence of any node without a 
fatty hilum at conventional MRI, as well as minimum 
nADC of any node at DWI, were selected for further 
evaluation to identify metastatic lymphadenopathy at 
the patient level.  ROC analysis yielded optimal criteria 
for identification of nodal metastases as follows: SA 
> 5 mm (AUC = 0.85, p < 0.001; sensitivity = 87.5%, 
specificity = 75.0%), LA > 6 mm (AUC = 0.80, p < 0.001; 
sensitivity = 87.5%, specificity = 71.4%), and nADC 
< 1.35 (AUC = 0.66, p = 0.113; sensitivity = 75.0%, 
specificity = 67.9%), presence of node without a fatty 
hilum (AUC = 0.73, p = 0.012; sensitivity = 75.0%, 
specificity = 71.4%).  Table 2 shows these data assessing 
optimal imaging features at the patient level.

At multivariate assessment, no set of two or more 
imaging measures were identified that served as 
significant independent predictors of metastasis, either 
at the node-level or the patient-level.

Discussion

MR imaging is increasingly used to assess the stage 
and aggressiveness of cancers, urologic and otherwise.  
The addition of functional sequences such as DWI has 
contributed to improved accuracy in non-invasively 
characterizing pathologic features.  In bladder cancer 
specifically, DWI has been shown to assist in T staging 
of primary tumors and also to correlate with tumor 
grade and presence of metastases.11-15  Furthermore, 
DWI improves evaluation of lymphadenopathy in 
non-urologic cancers compared with standard anatomic 
imaging, particularly given that morphologic features 
are less useful at small sizes (i.e., < 10 mm).  For instance, 
lymphadenopathy has been accurately characterized 
using DWI in head and neck, ovarian, rectal, and breast 
cancer.16-19 

An earlier preliminary examination of DWI in 
evaluation of metastatic lymphadenopathy in bladder 
cancer reported a sensitivity of 76% and specificity of 
89%.20  This study suffered from small sample size and 
looked solely at ADC values, not taking into account 
other imaging features on conventional MRI or DWI.  
Still, this initial study suggested that ADC values could 
be useful for differentiating metastatic and benign 
lymphadenopathy at the nodal level in bladder cancer.

In our study, the initial multivariate evaluation 
of MRI features predicting metastatic nodal disease 
produced only a single significant feature: short axis 
on conventional MRI.  However, long axis, absence 
of fatty hilum, and normalized ADC exhibited non-
significant associations in a node-by-node comparison.  

Figure 1.  An 88-year-old man with bladder cancer.  
(a) Axial T2-weighted image shows an enlarged 8 mm x 
6 mm lymph node (arrow) in the left perivesical region 
(b) DWI shows hyperintensity of this node (arrow)  
(c) ADC map shows hypointensity of this node (arrow) 
(ADC = 1.04 x 10-3 mm2/s, nADC = 0.91).  This node 
was found to harbor metastatic urothelial carcinoma 
at radical cystectomy.
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As this was a retrospective study, lymph nodes were 
not removed specifically based upon pre-operative 
MRI findings, and nodal stations were documented 
per the judgment of the individual surgeon at the time 
of cystectomy.  For this reason, it may be problematic 
to attempt direct 1:1 nodal matching between imaging 
and pathologic standard.  Partly for this reason, we 
performed a subsequent analysis applying the above 
features at the patient level, using the most concerning 
feature of any visualized nodes within each patient 
as the test criteria.  These results more accurately 
defined the ability of MRI to detect the presence of 
metastatic lymphadenopathy in a given patient, which 
is paramount for clinical decision-making.

A key weakness of DWI is the variation in ADC 
values due to a host of biologic factors, such as tissue 
temperature and perfusion, as well as technical factors, 
such as choice of scanner and sequence.21  Additionally, 
interobserver reproducibility of lymph node ADC 
values is not negligible.22  For these reasons, it can 
be challenging to produce a standard threshold ADC 
below which metastasis is more likely.  It is possible that 
this variability contributed to the lack of a significant 
association between ADC and metastatic disease.  
This variability was countered by normalizing nodal 
ADC values to the ADC of the right obturator internus 
muscle of each patient, producing more consistent 
measures.  While other methods of normalization 
have also been used, including normalization of to 
primary tumor ADC, the optimal method of ADC 
correction has not been established and this step is 
not routinely performed by radiologists in clinical 
practice.23  Nonetheless, our findings support a role for 
normalization to improve the accuracy of DWI-based 
diagnostics in routine practice.  Despite this association 
between nADC and presence of metastatic lymph 
node disease, it is notable that size of lymph nodes on 
conventional MRI was the most accurate individual 
imaging feature for detecting nodal metastatic disease.  
While such comparisons between imaging findings 
warrant further evaluation in larger studies, our 
results regarding the performance of nADC remain 
encouraging.

There are several limitations to this study that 
warrant mention.  First, this was a retrospective 
study with a small sample size.  A prospective study 
would allow for standardized surgical planning and 
uniform nodal documentation during cystectomy.  By 
improving the consistency of documentation between 
imaging and surgical pathology, more accurate node-
by-node comparison is possible.  In addition, the 
patients were imaged over the course of 8 years with 
several different MRI scanners and ongoing evolution 
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