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5.1 Introduction
Bladder cancer is the most common neoplasm of
the urinary tract and the sixth most common
malignancy in the United States [1]. While most
are detected at the clinically localized stage,
approximately 25 % of patients will initially
present with regional or metastatic disease.
Radiographic imaging is a vital part of the evalu-
ation of both local and advanced bladder cancer
as it assists the urologist in the determination of
appropriate management. It furthermore plays an
important role after definitive treatment for long-
term cancer surveillance and in some cases man-
agement of surgical complications.

It is important to recognize that at the time of
most patients having an established diagnosis of
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bladder cancer, they will have already undergone
some form of imaging as part of a hematuria
evaluation. In this chapter, we discuss the differ-
ent imaging modalities used in diagnosis and
staging in the context of both localized and
advanced bladder cancer. We will also review the
role of imaging in the setting of neoadjuvant
chemotherapy and post-treatment cancer surveil-
lance. Newer imaging techniques utilizing cys-
toscopy (narrow band imaging, confocal laser
microendoscopy, and optimal coherence tomog-
raphy) are not presently used in standard prac-
tice and will not be discussed.

5.2  Role of Imaging for Non-
muscle Invasive Bladder

Cancer (CIS, Ta, T1)

The majority of patients (approximately 75 %)
presenting with urothelial cancers of the bladder
are diagnosed with non-muscle invasive disease,
that is, confined to the mucosal or lamina propria
layers. Nonetheless, imaging is still an important
part of this evaluation as it helps ensure accurate
clinical staging while also evaluating the upper
urothelial tracts for synchronous or metachro-
nous lesions. There are several modalities that
may be used in this evaluation including ultraso-
nography, contrast-enhanced radiography (i.e.
intravenous pyelogram, retrograde pyelogram),
computed tomography, and magnetic resonance
imaging.
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5.2.1 Radiography, Intravenous

Pyelography, and Ultrasound

Plain radiography has no role in the evaluation of
non-muscle invasive bladder cancer (NMIBC)
given its lack of soft tissue contrast or definition.
While there have been some case reports describ-
ing appearance of calcifications in the bladder
showing up on plain x-ray, these are merely of his-
torical perspective and will not be described. On
the other hand, the addition of intravenous contrast
to plain radiography (intravenous pyelography,
IVP) has been used for many years in the field of
urology. An IVP involves injection of intravenous
contrast followed by serial radiographic and tomo-
graphic images obtained of the kidneys, ureter,
and bladder as the contrast media moves through
the urinary tract. For many years IVP was the
study of choice along with cystoscopy in the eval-
uation of hematuria, however in the era of com-
puted tomography and magnetic resonance
imaging, this test has fallen out of favor. In the
most recent version of the AUA Clinical Guidelines
for asymptomatic microhematuria, IVP and ultra-
sound were considered less optimal imaging tests
given their low sensitivity compared with mag-
netic resonance imaging (MRI) or computed
tomography (CT) and high likelihood of missing a
diagnosis [2]. When present on IVP, urothelial
cancers may appear as a filling defect within the
bladder or upper urinary tracts (Fig. 5.1) [3].
Papillary lesions, as often seen with non-invasive
tumors, will have frond-like projections into the
bladder lumen, giving the appearance of a poorly
marginated filling defect within the bladder. A
thickened bladder wall on the IVP may be seen in
some cases of carcinoma in situ. One potential pit-
fall with IVP is that a large median lobe may be
mistaken for a filling defect or bladder tumor.
Ultrasonography has several theoretical
advantages as an imaging modality of the bladder
and urinary tract. It is readily available, requires
no patient preparation, is inexpensive, and not
associated with radiation exposure. In addition, it
allows for simultaneous evaluation of the upper
tracts and may demonstrate hydronephrosis,
renal calculi, or renal masses. The accuracy of
ultrasound in visualizing bladder tumors depends

Fig. 5.1 Intravenous pyelogram demonstrating left
hydroureteronephrosis and large filling defect within the
bladder. Reprinted with permission [3]

on the degree of distention and tumor character-
istics (size, morphology, and location) and is
operator-dependent. Newer contrast-enhanced
techniques show some promise for improving
diagnostic accuracy in the imaging of bladder
tumors for evaluation of hematuria. That being
said, cystoscopy remains the gold standard diag-
nostic procedure and should be performed regard-
less of ultrasound findings.

Ultrasonography is a poor tool for staging of
bladder cancer and it is rarely used after histo-
logic confirmation. More commonly, ultrasound
of the bladder is performed as part of the evalua-
tion of the kidneys and an incidental lesion is
noted. Bladder tumors on ultrasound typically
appear as hypoechoic, plaque-like or polpypoid
lesions projecting into the bladder lumen [4].
Doppler studies may demonstrate blood flow,
especially in larger papillary lesions. Shadowing
may also be present if there is calcification.
Bladder wall thickening may also be apparent
although this is a nonspecific finding.
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The diagnostic accuracy of ultrasound for
detection of bladder tumors is highly variable and
dependent on size and location. Datta et al.
showed that US had an overall sensitivity of 63 %
and specificity of 99 % for detection of bladder
cancer in a series of over 1,000 patients present-
ing with hematuria [5]. Smaller lesions are in
particular more difficult to evaluate. For lesions
less than 5 mm in diameter, Malone et al. found
that US detected only 38 % of tumors compared
to 82 % of those greater than 5 mm as confirmed
by cystoscopy [6]. Several series have shown the
importance of tumor location and sensitivity of
US. The bladder neck, dome, and anterior blad-
der are all sites where US visualization is limited
and may miss lesions [7, 8].

Contrast-enhanced ultrasonography (CEUS) is
a newer form of ultrasonography that attempts to
improve the diagnostic accuracy of ultrasound.
This modality relies on intravenous microbubble
contrast agents and a specialized ultrasound probe.
The microbubbles are entirely intravascular and
their properties result in high echogenicity when
visualized on sonogram. This allows for evalua-
tion of vasculature and neovascularity (i.e. tumors).
It has been used for imaging of the spleen, liver,
and kidneys [9]. Previous studies using CEUS of
the bladder revealed that the mucosal and submu-
cosal layers had early enhancement and the detru-
sor was relatively hypoechoic in comparison.
Using CEUS of the bladder, the presence of a
hypoechoic layer between the bladder tumor and
bladder wall was predictive of non-invasive dis-
ease in a small study [10]. Most recently, Nicolau
reported their experience using contrast-enhanced
ultrasound in a cohort of 43 patients undergoing
transurethral resection of bladder tumors. CEUS
and routine US were performed the day prior to a
transurethral resection of bladder tumor (TURBT).
CEUS was more accurate than routine US in
detection of bladder cancer (88.3 % vs. 72.09 %)
and was particularly helpful in non-conclusive US
cases. Sensitivity of CEUS was highest with
lesions >5 mm (94.7 % vs. 20 % if <5 mm) [11].
More recently, three-dimensional ultrasound has
been combined with CEUS in efforts to not only
improve detection but also predict invasiveness.
This new technique, as shown in Fig. 5.2, results in
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contrast-enhanced sonographic images in multiple
planes allowing for a three-dimensional recon-
struction of a bladder tumor. Of 60 bladder lesions
evaluated with combined 3D US and CEUS prior
to TURBT, all 16 muscle invasive tumors were
correctly diagnosed. Inter-reader agreement was
highest when these images were combined as
compared to individual use (kappa=0.914) [12].
Despite the advantages of ultrasound for blad-
der cancer imaging, it still lacks in diagnostic
accuracy, especially for smaller lesions. Routine
grey scale ultrasound is still considered inferior
to other imaging modalities such as CT and MRI
for evaluation and staging of bladder cancer. For
the evaluation of hematuria, ultrasound is consid-
ered a suboptimal test based on the AUA guide-
lines [2]. With evolving technologies utilizing
microbubble contrast and three-dimensional
imaging, ultrasound imaging may play a more
important role in imaging bladder tumors, but not
without further refinement of the modality.

5.2.2 Computed Tomography
and Urography for Non-
invasive Disease

Multidetector row computed tomography (CT) is
currently the most widely used imaging modality
for bladder cancer. In practice many patients will
have had some form of CT imaging prior to
undergoing office cystoscopy or transurethral
resection of a bladder tumor as this is usually per-
formed as part of a hematuria evaluation. It is
important to delineate the use of CT in the con-
text of a hematuria evaluation versus staging after
a confirmatory diagnosis of bladder cancer. In
this section, we discuss the role of CT imaging as
it relates to NMIBC. Later in this chapter, we will
discuss CT imaging in the setting of invasive
bladder cancer.

CT imaging for bladder cancer should be per-
formed with intravenous contrast unless contra-
indicated due to renal insufficiency or allergy.
Delayed images are essential and allow for
assessment of the collecting system, ureters, and
bladder. Advances in post-processing computer-
ized technology now allow for reconstructed
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Fig. 5.2 Contrast-enhanced 3D ultrasound of patients
with non-invasive bladder tumor. (a) Conventional 2D
ultrasound; (b) 3D image from three rectangular planes;

CT images in coronal and sagittal planes, which
provide further improvements in evaluation of
the urinary tract.

5.2.2.1 Low-Grade NMIBC

Most non-invasive bladder tumors are low grade
and of papillary architecture. Malignant potential
of these tumors is extremely low, with rates of
progression less than 5 %. These tumors may
vary in size, number, and characteristics. Papillary
lesions may be seen as a focal filling defect pro-
jecting into the bladder or an area of asymmetric
bladder wall thickening. Larger lesions may
appear as an enhancing soft tissue density pro-
jecting into a relatively hypodense background of
the urine filled bladder, or on delayed images as a
filling defect (Fig. 5.3).

(c¢) Contrast enhanced 2D ultrasound with homogenous
enhancement; (d) 3D contrast enhanced image. Reprinted
with permission [12]

In the setting of non-invasive urothelial blad-
der cancer, ongoing surveillance after treatment
is necessary to ensure there has been no disease
recurrence. Cystoscopy is the mainstay of post-
treatment cancer surveillance in low-grade non-
invasive disease. Upper tract imaging should be
performed every 1-2 years or more frequently in
cases of high-grade recurrences, therefore CT
urography continues to play a prominent role
even at this stage.

5.2.2.2 High-Risk Non-invasive Disease

High-risk NMIBC includes carcinoma in situ,
T1 (lamina propria invasion), and high-grade Ta.
Morphologically the latter two may be indistin-
guishable from low-grade NMIBC on CT imag-
ing while the former is virtually never seen on



5 Imaging in Localized and Advanced Bladder Cancer

63

Fig. 5.3 Axial contrasted CT showing a large left-sided papillary bladder tumor. (a) Early contrast with enhancing
tumor; (b) delayed images showing filling defects within the bladder and left ureter

imaging [13]. High-risk disease is associated
with higher rates of recurrence and progression
and adjuvant intravesical treatment after resec-
tion is recommended in order to reduce the
chance of recurrence and progression. The role of
imaging as part of surveillance after treatment is
no different than that with low-grade NMIBC.

5.2.2.3 CT: Conclusion

Computed tomography urography (CTU) has
become the imaging test of choice for NMIBC
and is often performed prior to cystoscopy during
hematuria evaluation. Contemporary sensitivity
and specificity for bladder cancer detection using
CTU range from 79 to 95 % and 83-99 %,
respectively [14—16]. As will be discussed later,
despite this diagnostic capability, CTU falls short
when it comes to staging accuracy. Furthermore,
CTU is unable to demonstrate carcinoma in situ
and may miss small lesions, particularly when
less than 1 cm [13]. Cystoscopic examination
with transurethral resection therefore remains
essential and to date cannot be replaced by CT.

5.2.3 Magnetic Resonance Imaging
in NMIBC

Magnetic resonance imaging provides without
question the best soft tissue contrast quality of all
imaging modalities. This technique requires no

radiation exposure but is more time-consuming
and costly. The ability of MRI to produce images
with such spatial resolution and detail rely on the
effects of proton alignment within tissues when
exposed to a magnetic field. In the most basic
form, there are two phases in which images are
constructed, T1 and T2. The contrast agent gado-
linium is also used for better enhancement of tis-
sues. As with computed tomography, multiplanar
images in the axial, coronal, and sagittal planes
can be constructed.

There are little data available in using MRI to
evaluate the urinary bladder in NMIBC. However,
MRI has been used to assess the urinary tract dur-
ing a hematuria evaluation in patients who cannot
tolerate iodinated contrast due to allergy.
Magnetic resonance urography (MRU) is much
similar to CTU, using gadolinium contrast to
evaluate the urinary system in a delayed phase.
On T1-weighted images, fluid (such as urine) is
of low signal intensity and therefore the bladder
appears hypointense. On T2-weighted images,
fluid is of high signal intensity. On either of these
phases, a bladder tumor may be demonstrated by
an area of signal intensity contrasting that of
urine and the bladder wall. For example, on
T1-weighted imaging, a bladder tumor will likely
appear as an area of intermediate intensity and on
T2 phase the tumor will appear hypointense to
the surrounding urine. The detrusor layer is of
low signal intensity and should be intact for
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Fig.5.4 (Left) T2 MRI showing non-invasive tumor with
low signal intensity (black arrow). (Right) T1 MRI shows
same tumor with high signal intensity compared to urine.

non-invasive tumors, as depicted in Fig. 5.4 [17].
With diffusion-weighted (DW) MRI (discussed
later) the “inchworm sign,” characterized as a
low signal intensity stalk invaginating into a high
signal intensity tumor, has shown to be highly
accurate in predicting non-muscle invasive blad-
der cancer [18].

5.3  Role of Imaging
in the Setting
of Neoadjuvant

Chemotherapy

The use of neoadjuvant systemic chemotherapy
(NC) has been shown to result in improved over-
all survival [19]. However, controversy is still
ongoing in regards to which patients should be
initially managed with NC. For patients with
organ confined disease (<clinical T2NO) radical
cystectomy alone will likely cure most patients
without the need for cytotoxic chemotherapy. On
the other hand, clinical staging is notoriously
inaccurate, with a discrepancy between clinical
and pathologic staging in up to 50 % of cases
[20]. Therefore, many of these patients will actu-
ally have more advanced disease after cystec-
tomy and may require chemotherapy in an
adjuvant setting. It has been our practice to treat
patients with clinically advanced disease with
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White arrows denote intact detrusor layer. Reprinted with
permission [17]

neoadjuvant chemotherapy prior to radical cys-
tectomy, although practice patterns and opinions
vary on this matter. Nonetheless, radiographic
imaging plays an important role in patient selec-
tion for neoadjuvant chemotherapy as well as
monitoring response to treatment.

There are several findings on cross-sectional
imaging with either CT or MRI that may suggest
locally advanced disease. The most notable of
these is hydronephrosis, which has been shown to
be an independent predictor of both extravesical
and node positive disease [18, 21]. Given this
finding after staging one should give strong con-
sideration to neoadjuvant chemotherapy prior to
surgical resection. Hydronephrosis is apparent in
both CT and MRI and is evident by dilation of the
collecting system to varying degrees. Most com-
monly there is ureteral dilation to the level of the
ureterovesical junction. It is important to evaluate
the delayed images as hydroureteronephrosis may
be seen as a result of upper tract TCC. If any of
these findings are seen during staging of bladder
cancer, one should strongly consider the use of
neoadjuvant chemotherapy. Other findings sug-
gestive of locally advanced disease include evi-
dence of perivesical fat involvement and extension
into other organs. Both of these radiographic find-
ings are highly suspicious for T3 or T4 disease,
although the lack of these findings does not neces-
sarily rule out extravesical disease.
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Fig. 5.5 FDG PET/CT in a 55-year-old male with T2
bladder cancer. Patient was found to have abnormal signal
uptake in left iliac chain (arrow) and was treated with neo-
adjuvant chemotherapy

The use of positron emission tomography to
better select patients who may benefit from NC
has been evaluated in recent years. This functional
study relies on the use of radio-labeled metabolic
substrates to identify areas of abnormal uptake,
which may suggest tumor metastasis (Fig. 5.5).
To date, fludeoxyglucose (F 18) and [11C] cho-
line have been the primary radiotracers used for
bladder cancer staging with a diagnostic accuracy
of 65-94 % in predicting lymph node metastasis.
While it has been proposed that [11C] choline
may be better for bladder cancer owing to lack of
urinary excretion, no randomized controlled trials
comparing the two have been conducted.

More recently, diffusion-weighted MRI has
been added to conventional MRI to improve
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tumor staging in patients with bladder cancer.
This technique relies on the relative movement of
water through tissues, resulting in an apparent dif-
fusion coefficient (ADC). It has previously been
demonstrated that the ADC of bladder tumors is
lower than that of the surrounding tissue [22].
Overall accuracy of predicting tumor stage was
improved from 67 to 88 % with the addition of
DW images to MRI T2 phase in one series [23].
Another single center experience found that use
of DW-MRI with T1/T2-MRI reduced upstaging
after cystectomy to 5 % [24]. While DW-MRI
appears to improve diagnostic accuracy, to date
most studies have been limited to small single
institution experiences. Nonetheless, this newer
technology holds promise in efforts to improve
clinical staging to better select those patients who
may benefit from NC.

Monitoring the response to neoadjuvant che-
motherapy with imaging is important as well.
Indeed, not all patients respond to NC and under
those circumstances consideration should be given
to proceeding with cystectomy. Furthermore,
patients with nodal involvement who have an
incomplete or no response to NC in particular have
poor outcomes [25]. CT, MR, and positron emis-
sion tomography (PET) techniques have all been
described as useful imaging studies during and
after treatment with NC to evaluate for treatment
response. At present there is no universally agreed
upon strategy on how to best use imaging to moni-
tor patients on NC. In our practices, we obtain
imaging with CT or MRI after two cycles of treat-
ment to evaluate for response. Patients in whom
there appears to be objective response to chemo-
therapy receive 1-2 additional cycles, while those
that show any signs of progression have chemo-
therapy interrupted and proceed to cystectomy as
clinically indicated.

In efforts to better predict response of neoadju-
vant chemotherapy in patients prior to cystec-
tomy, newer modalities have been studied.
Diffusion-weighted imaging (DWI) MRI had
higher specificity and accuracy in predicting com-
plete vs. partial response to chemoradiation prior
to surgery when compared to T2-weighted and
dynamic contrast-enhanced MRI phases in a
small study of 20 patients with organ confined
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disease [26]. To date, this is the only experience
using DWTI in this setting. Martens and colleagues
compared FDG-PET to conventional contrast-
enhanced CT in a group of patients with lymph
node positive bladder cancer undergoing NC. In
this small cohort FDG-PET was no better than CT
imaging in distinguishing responders from non-
responders or complete vs. partial response [27].

5.4 Role of Imaging for Muscle
Invasive Bladder Cancer

(Clinical T2, T3, 0r T4)

While only about 25 % of urothelial carcinomas
are found to be muscle invasive at the time of
diagnosis, imaging plays a crucial role in the man-
agement of these patients. It is paramount to
determine the presence of extravesical, nodal,
and/or metastatic disease [28, 29] as these find-
ings will affect treatment recommendations. This
is particularly relevant as discussed previously;
treatment paradigms are changing with increasing
administration of neoadjuvant chemotherapy for
locally advanced urothelial carcinoma [30-32].
Generally, plain radiography and ultrasound
are not used routinely in the evaluation of muscle
invasive urothelial carcinoma due to diminished
sensitivity, the lack of high-resolution images and
the absence of whole body imaging. While IVP
has historically been used for detecting upper
tract disease, it has a very limited role in the eval-
uation of locally advanced urothelial carcinoma.
Like in NMIBC, CT and MRI have a predominant
role in muscle invasive disease as these cross-sec-
tional imaging modalities provide information on
the overall clinical stage of the patient [33].
Additional imaging modalities include positron
emission tomography (PET) and whole body
bone scans. It is imperative that these studies be
conducted prior to any radical extirpative surgery,
as surgery may not be the initial treatment of
choice for patients with advanced disease (non-
organ confined extravesical tumor, regional node
positive disease, or the presence of distant nodal
or visceral metastases). Additionally, as most
patients with muscle invasive disease will proceed
to radical cystectomy, whole body imaging allows
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Fig. 5.6 CT demonstrating a right-sided bladder lesion
that was found to be a pT3b bladder tumor

for surgical planning and facilitates the detection
of anatomic variations such as duplicated ureters
or ectopic kidneys.

5.4.1 Computed Tomography
for Muscle Invasive Bladder

Cancer

Although the primary method of in-situ clinical
staging for urothelial carcinoma is with a trans-
urethral resection, multidetector row computed
tomography (CT) has become the most common
modality for evaluating muscle invasive bladder
cancers [34, 35]. This is due to its speed, wide-
spread availability, and advantage of imaging
multiple organs simultaneously. Considerations
with the use of CT include radiation exposure
and the need for an intravenous contrast agent
which may be difficult in patients with contrast
allergies or renal insufficiency.

Despite its widespread use, CT has a limited
ability to accurately stage urothelial carcinoma.
While complete intravesical lesions (stage T1)
are usually apparent, there can be significant
ambiguity in differentiating T2 from T3 disease
[36] (Figs. 5.6 and 5.7). Several studies have
demonstrated limited accuracy for CT in deter-
mining the depth of bladder invasion [37-39].
Paik et al. [40] reported an overall accuracy of
54.9 %, and under- and over-staging in 39 % and
6.1 % of patients respectively. Eight of their
patients were found to have extravesical disease
on CT, confirmed pathologically in only four.
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Fig.5.7 CT demonstrating a bladder tumor easily identi-
fied as extravesical

More recently, Baltaci et al. [41] reported their
series of 100 cases, in which only 22 of 57
(38.6 %) patients with extravesical invasion on
CT were confirmed pathologically. Ambiguity of
extravesical disease can be present after cysto-
scopic intervention and bladder tumor resection,
which can cause perivesical fibrosis and mimic
extravesical extension. To avoid this, imaging
ideally should be obtained prior to any transure-
thral resection.

The presence of node positive disease is also
an important prognostic factor in muscle invasive
bladder cancer [42]. When examining nodal
involvement with CT, it is purely an anatomic
study without any functional assessment, thus
lymph nodes are evaluated based on their ana-
tomic architecture (Fig. 5.8). Size >10 mm in the
short axis dimension is the most suggestive
finding to determine nodal involvement. Lymph
nodes also may become more rounded if involved
with metastatic disease [36]. CT however, remains
a poor predictor of lymph node involvement with
accuracy between 5 and 50 % [42]. This poor pre-
dictive value is secondary to the inability to detect
micrometastatic disease using CT.

5.4.2 Magnetic Resonance Imaging
for Muscle Invasive Bladder
Cancer

The role of MRI in muscle invasive bladder can-
cer is identical to CT: evaluation of extravesical,
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Fig. 5.8 CT demonstrates right obturator lymphadenopa-
thy in a female patient with locally advanced bladder cancer.
The node was positive for urothelial carcinoma at the time of
radical cystectomy following neoadjuvant chemotherapy

nodal, and metastatic disease. MRI is thought to
be superior to CT in terms of local staging [34,
35, 43], however its slower speed, decreased
availability, and discomfort for symptomatic
patients and for those with claustrophobia make
it a less accessible or optimal imaging modality
for many. Despite the ability to more accurately
evaluate soft tissue, there is no reported advan-
tage in the staging of urothelial carcinoma. A
recent study by Tekes et al. [44] reported on 67
patients with urothelial carcinoma staged using a
dynamic MRI with gadolinium contrast and com-
paring results of clinical radiographic staging to
pathologic stage. The overall accuracy of MRI
was 62 %, with over-staging occurring in 32 % of
patients. While this was found to be lower than
previously published studies (72-95 % accuracy)
[44], it is consistent with Vargas et al. [45] who in
a prospective study found that MRI correctly
staged 56 % of patients in their series while over-
staging occurred in 38 % of cases.

With MRI, pelvic lymph nodes are more visi-
ble due to the surrounding adipose tissue, but this
does not translate into higher accuracy in deter-
mining lymph node involvement [35]. Vargas
et al. [45] report a sensitivity and specificity of
only 50 % and 71 % respectively. As with CT, the
determination of lymph node involvement is
most reliant on a size criterion of >10 mm in
shortest dimension. Normal and tumor bearing
lymph nodes demonstrate similar enhancement
on gadolinium-enhanced MRI.
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5.4.3 Bone Scans for Muscle
Invasive Bladder Cancer

Along with the lung and liver, bone is one of
the more common sites of distant metastasis
for urothelial carcinoma. Similar to PET
scans, bone scans utilize an intravenous radio-
isotope, which leads to “hot spots” or uptake
seen on whole body scan. Not only metastatic
disease, but also benign etiologies such as
inflammation or previous trauma can create
uptake noticeable on bone scan. Despite their
high sensitivity for bone abnormalities, the
low specificity of bone scans requires a skill-
ful interpretation. Historically, preoperative
bone scans were routinely ordered prior to
radical cystectomy, which if positive would
result in the patient’s surgeon canceling the
procedure. In contrast, Braendengen et al. [46]
reviewed 91 patients following radical cystec-
tomy who had undergone preoperative bone
scans. The bone scans were scored on a scale
indicating how likely it was the patient had
bone metastases. They found no significant
relationship between findings on preoperative
bone scan and the development of subsequent
bone metastases. Additionally, they evaluated
54 patients with muscle invasive urothelial
carcinoma who underwent preoperative bone
scan. Only three patients had positive studies
that resulted in a change to their management
strategy from primary surgery to primary sys-
temic chemotherapy. Follow up revealed that
one of these patients had a false-positive study,
leaving only two patients who truly had meta-
static bone progression. They concluded that
preoperative bone scans were unnecessary as
they did not contribute to the overall clinical
decision making process. In today’s practice, a
bone scan should be ordered in the presence of
symptoms such as new onset bone pain. An
elevated serum alkaline phosphatase is another
widely accepted indication for a bone scan,
although this was not supported in the afore-
mentioned study.

T.Kim et al.

5.4.4 Positron Emission
Tomography for Muscle
Invasive Bladder Cancer

Positron emission tomography (PET) is a func-
tional study with limited anatomic detail that
detects the uptake of radio-isotopes by metaboli-
cally active cells in the body, such as tumor cells.
In the initial diagnosis of urothelial carcinoma,
the utility of PET scans is limited due to urinary
excretion of the radio-isotope [43]. PET scans
theoretically provide the ability to detect disease
at an earlier stage, before any anatomic variation
may be present. In practice however, PET scans
have not routinely demonstrated superiority to
detecting nodal involvement compared to CT,
and may not be sensitive enough to detect node
positivity unless the disease burden equates to a
>10 mm lymph node [47]. There is a paucity of
published data of the use of PET in urothelial car-
cinoma. One of the largest series published
reported a sensitivity of 67 %, specificity of
86 %, and accuracy of 80 % [48] for staging of
urothelial carcinoma.

Today, radiographic advancements have
allowed PET scans to be fused with CT scans in
order to create simultaneous anatomic and func-
tional imagery (PET/CT). This combined image
has allowed for greater accuracy than with either
PET or CT alone. In their series, Kibel et al. [49]
compared CT and bone scintigraphy vs. PET/CT
in patients with urothelial carcinoma using ['*F]
fluorodeoxyglucose (FDG) and found occult met-
astatic disease in 7 of 42 patients found to be neg-
ative on conventional CT scan. They reported a
positive predictive value of 78 %, negative predic-
tive value of 91 %, and sensitivity and specificity
of 70 % and 94 % respectively for PET/CT, which
is consistent with previously reported sensitivity
and specificity of 60 % and 88 % respectively
[47]. In addition, some authors have suggested
that PET scans may provide prognostic informa-
tion. Drieskens et al. [47] reported in their series a
median overall survival of 32 months in patients
with urothelial carcinoma and a negative PET/CT
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scan as opposed to 13.5 months with a positive
PET/CT, which is reflective of the studies with a
high positive predictive value.

One of the pitfalls of PET scans is the detection
of false-positive lesions (Fig. 5.9). A false-positive
evaluation can occur with intestinal uptake that
mimics a metastatic lesion [47] or with areas of
inflammation due to benign etiologies. Such find-
ings must be clarified through clinical correlation

Fig. 5.9 PET/CT demonstrating a large hypermetabolic
bladder tumor. Also appreciated is a right-sided mildy
hypermetabolic region of soft tissue in the external iliac
location, (arrow) which was found to be pathologically
benign and attributed to granulomatous changes from
prior inguinal hernia repair

Fig. 5.10 (a) PET/CT reveals a large hypermetabolic
pre-sacral lymph node in a male patient with muscle inva-
sive urothelial carcinoma prior to neoadjuvant chemother-
apy. Also apparent is a focus of false-positive uptake in
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and comparison or combination with CT scans or
other diagnostic procedures.

In the post-treatment setting, PET scans can be
utilized to detect disease response or progression
after neoadjuvant chemotherapy (Fig. 5.10a, b).
Post-cystectomy patients at risk for either locore-
gional or distant recurrence can be evaluated with
PET if any suspicious or ambiguous lesions are
found [50].

5.5 Surveillance Imaging After

Radical Surgery

Guidelines detailing a specific outline of follow
up after radical cystectomy do not exist. Choice
of imaging modality and timing is at the discre-
tion of the surgeon, but should take into account
the final pathologic tumor stage as more locally
advanced disease warrants a stricter surveillance
schedule. Generally, imaging of the chest, abdo-
men and pelvis should be performed every
3—-12 months for at least 2 years with either CT or
MRI [51]. A chest radiograph is considered a suf-
ficient evaluation of the lungs; however, further
work up with a CT Thorax needs to be obtained if
there is a lesion of concern. Clinical suspicion
should always prompt an evaluation with whole
body imaging and additional studies as indicated
including bone scintigraphy or PET/CT.

the small intestine (arrow). (b) Resolution of the pre-
sacral node after neoadjuvant chemotherapy as seen on
PET/CT
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